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Commentary

Throughout her professional career, the aspirant has been dealing with myeloid malignancies
(acute and chronic myeloid leukemia, Ph-negative myeloproliferative neoplasias). Infectious
complications including opportunistic infections and severe COVID-19, dominated by high-
risk patients with acute myeloid leukemia and patients after allogeneic hematopoietic stem cell
transplantation (ALO-HSCT), are among the major life-threatening complications, and their
management is an essential part of care for these patients. The overall aspirants' H-index 10
according to WOS corresponds to the professional focus of the candidate on this complex issue.
As part of her habilitation thesis, the author focused specifically on opportunistic infections,

especially invasive fungal diseases, and COVID-19.

Background. Infectious diseases are principal causes of morbidity and mortality among high-
risk immunocompromised patients with hematological malignancies. Among neutropenic
patients, fever, termed febrile neutropenia, is often the singular manifestation of infection,
requiring prompt initiation of broad-spectrum potent empirical antibiotic treatment. Moreover,
high-risk patients with prolonged and profound neutropenia and those following ALO-HSCT
are at risk of developing invasive fungal diseases (IFD). Although several potent antifungals
are currently available, successful IFD treatment is often hampered by limited diagnostic
options. Subsequent delay of antifungal therapy initiation is a significant factor contributing to
the impaired survival of immunocompromised patients. Clinical symptoms and imaging
findings are non-specific, and IFD diagnosis is based on probability degree determination
meeting host, microbiological and clinical criteria. Conventional cytological, culture and
histological procedures denote low sensitivity during early IFD stages, unlike non-culture-
based procedures, which render both serological identification of fungal cell wall antigens,
especially galactomannan (GM) and 1,3-beta-D-glucan (BDG), and, conversely, fungal nucleic
acid detection by molecular biological mechanisms. These procedures have the potential to
accelerate and refine IFD diagnosis and, consequently, targeted antifungal treatment.
Furthermore, antifungal therapy optimization via monitoring azole plasma levels is equally

essential.

During the recent pandemic, SARS-CoV-2 (Severe Acute Respiratory Syndrom-CoronaVirus-
2) infection was a primary cause of communicable complications while significantly increasing

hematological patient mortality.



Aims. Our habilitation premise centers around 2 key objectives reflecting current challenges
regarding immunocompromised patient comprehensive care. The first goal was to optimize IFD
diagnosis using non-culture-based methods--galactomannan and 1,3-beta-D-glucan--followed
by early initiation of antifungal therapy, while optimizing azole antifungals treatment via
plasma level monitoring. Our second objective was to detail COVID-19 symptomatology
monitoring among the general Czech population in connection with viral load. With
hematological patients, data were attained relating to the epidemiology, course, and prognosis

of COVID-19 along with treatment optimization.

Methods. The submitted habilitation dissertation embodies an annotated set of 29 applicants'

publications.

Results. Regarding our first objective, we affirmed the crucial role of GM determination from
serum and bronchoalveolar lavage (BAL) fluid in the diagnosis of invasive pulmonary
aspergillosis (IPA) and evaluated a number of factors affecting test quality in IPA prediction
(current antifungal therapy, gastrointestinal mucositis, lavage sample volume obtained by BAL,
neutropenia depth). Considering IFD prediction using BDG in serum and BAL fluid, we
identified acceptable sensitivity and specificity, albeit with a low positive predictive test value,
both in IFD screening and IPA diagnosis. Neither the combination of both materials nor the
new BDG optimal cut-off led to a significant improvement in IPA diagnosis test quality. Both
the higher absolute neutrophil count at the time of BAL and the higher aspirated BAL fluid
volume significantly exacerbated BDG assay performance. Concerning probable and proven
IPA prediction, the BDG test did not surpass the GM test. Consequently, we've introduced into
routine clinical practice the rapid detection and identification of a fungal pathogen in BAL fluid
using a panfungal polymerase chain reaction (PCR) together with high resolution melting

(HRM) analysis.

In terms of our second objective, COVID-19 symptomatology relevant to SARS-CoV-2 viral
load in the general Czech population during the first pandemic wave was evaluated in detail via
telemedicine. Among hematological patients, higher COVID 19 mortality was confirmed when
compared with the general population and worldwide data. Still, during the pandemic, mortality
was significantly reduced when specific treatment against SARS-CoV-2 was part of routine
clinical practice. Combined treatment of remdesivir and convalescent plasma with a high titer
of virus-neutralizing antibodies resulted in reduced mortality among hematologic patients

irrespective of baseline pneumonia. Similarly, a prospective study analyzing the use of anti-



SARS-CoV-2 neutralizing monoclonal antibodies recorded mortality reduction among patients
with hematological malignancies compared to a cohort of hematological patients without

therapy at Czech hematological centers.

Summary. Our timely habilitation results substantially and definitively contribute towards
optimization of IFD and COVID-19 management among immunocompromised patients with

hematological malignancy.
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In this work, certain candidate articles are provided for an overview "in extenso", and some
only in the form of a first page and an abstract, while "in extenso" are listed in a separate book:

Appendices "In Extenso" to Habilitation Thesis.



1. Introduction

The author developed the habilitation thesis as an annotated set of publications corresponding
to her more than 20 years of experience at the Department of Internal Medicine-Hematology
and Oncology, Faculty of Medicine, Masaryk University and University Hospital Brno,
including coordination of a number of national projects with international cooperation. During
this period, the applicant published more than 60 articles as an author or co-author, of which 30
are included in the Web of Science (WOS) Core Collection with a total of 412 citations
(excluding self-citations). In 13 publications, applicant is the primary or contributing author.
As an author and co-author, the candidate participated in 12 chapters of peer-reviewed books
or textbooks. Her academic activities also include educational videos. As a national coordinator,
the aspirant participates in countrywide projects of the Czech Leukemia Study Group for Life
(CELL) - FIND (Fungal INfection Database), DATOOL-AML (Database of Acute Leukemia
Tool — Acute Myeloid Leukemia), MIND (Myeloprollferative Neoplasia Database) and
international projects - FUNGISCOPE, HARMONY-AML, PETHEMA-APL. Locally, author
coordinates COVID-19 projects among hematological patients including the academic clinical
study COVIGI evaluating vaccination efficacy and safety against COVID-19 in
hematooncological patients. Internationally, applicant contributes to the EPICOVIDEHA

project with hematological patients.

The habilitation thesis is focused on 2 thematic areas related to both the optimization of
diagnostics and invasive fungal diseases (IFD) and COVID-19 treatment among hematological

patients.

1.1. Infections in Immunocompromised Patients

Infections, along with uncontrollable underlying disease, are the leading causes of death in
immunocompromised patients. The causative agents of infections in hematooncological
patients are mainly bacteria, less often yeasts or filamentous fungi, viruses or, very rarely,
parasites. About 15% of all infections are polymicrobial infections. Infection source is most
often endogenous-especially the patient's microflora (dominantly the digestive tract), less often
it is an exogenous infection (inhaled air, transmission by staff ..). The causes of
hematooncological patient increased susceptibility to infections are many: Hematooncological
diseases, anticancer treatment (chemotherapy, radiotherapy, immunotherapy), deep and

prolonged neutropenia, physiological barrier disruption, malnutrition, immobilization,
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comorbidities. Among neutropenic patients, clinically or radiologically documented infections
cover about 60% of all infectious complications with pneumonia the most common in a third
of them. In the case of deep neutropenia, classic clinical or radiological signs of infection may
not develop, and the only manifestation is fever. Such a condition, when a singular sign of
infection in a neutropenic patient is febrile, available examination procedures can’t determine
infection source and no pathogen has been confirmed by culture, we term febrile neutropenia,
which is definitively the most common form of infection in these patients. Infection in a
neutropenic patient, both with and without clinical and microbiological evidence of the
infection source (ie febrile neutropenia) can lead very quickly (within a few hours) to infection
generalization, ie. development of sepsis and septic shock. Advanced septic shock mortality is
very high among neutropenic patients without adequate antimicrobial treatment. Furthermore,

with high-risk patients, antimicrobial prophylaxis is indicated [1].
Bacterial Infections

Bacterial infections are the most common infections in cancer patients. Individual bacterial
strain representation is influenced by prophylactic and empirical antimicrobial treatment along
with local epidemiological factors. In the group of gram-positive infections, streptococci,
enterococci, and staphylococci seizures have an absolute predominance (however, a large part
of staphylococcal strain seizures only represent contamination). Regarding gram-negative
infections, the most common causes are Escherichia coli, Klebsiella sp., and Pseudomonas
aeruginosa [2]. Bacterial infection diagnosis is based on clinical, laboratory, imaging, and
microbiological examinations. In recent years, an increase in infections caused by multidrug-
resistant bacteria has been observed [3, 4]. The development of antibacterial resistance
subsequently complicates the treatment of infections. The prevalence of resistance is influenced
by local antibiotic use policies in prophylaxis and treatment, infection control measures, and

local patterns of resistance in a particular hospital and throughout the country.
Viral Infections

Viral infections are a common complication of immunocompromised patients. T-cell-mediated
immunity plays a major role in viral infection defense. Viral infections are most common in
hematooncological patients after hematopoietic stem cell transplantation (HSCT), especially
from an allogeneic donor, when the viral infections are often lethal. Customary characteristics
of the most common herpesviruses are the high prevalence in the population, the emergence of

latent infection after primary infection, and the risk of endogenous virus reactivation during
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immunodeficiency [5-8]. Nonetheless, infections caused by other (non-herpes) adenoviruses
and respiratory viruses (RS-virus, influenza virus, etc.) which are less common can certainly

complicate patient treatment [9-12].
Infection Caused by Pneumocystis Jiroveci

Pneumocystis jiroveci pneumonia (PCP) is a typical opportunistic infection. Main risk factors
are corticotherapy, low CD4+ cell counts, medications causing T cell dysfunction, and solid
organ transplantation. Trimethoprim-sulfamethoxazole prophylaxis introduction reduced PCP
incidence among patients with HSCT from approximately 10% to 0.5% [13]. However,
mortality remains at around 30%. Two thirds of patients have a fulminant disease onset with
high fever and rapid dyspnea development, tachypnea, and severe hypoxemia; the others have
a subacute onset with low temperatures, dry cough, and slower dyspnea development for several
days. The most common clinical symptoms are dyspnea (90%) and fever (85%). Diagnosis is
based on a combination of the above-described clinical characterization, atypical pneumonia
detection within the clinical examination, and, most frequently, bilateral "ground-glass"
opacities on the imaging examination. However, definitive etiology confirmation recognizes
only the demonstration of 1,3-beta-D-glucan positivity in the serum or the presence of
Pneumocystis jiroveci identified by PCR in the airway sample. The most beneficial material is
fluid obtained by bronchoalveolar lavage [14, 15]. High-dose trimethoprim-sulfamethoxazole

remains the preferred drug for advanced PCP [16].
Febrile Neutropenia

"Febrile neutropenia" describes a life-threatening complication that requires immediate
effective antibiotics initiation, even without culture results. In most neutropenic patients,
colonizing microorganisms represent causative agents. Infection frequency depends on
neutropenia depth and duration. Up to 80% of patients with deep and prolonged neutropenia
(neutrophils below 0.1x10%/L lasting more than 10 days) develop fever and infectious
complications. Fever is very often the only manifestation of an infection in neutropenic patients,
since neutrophilic leukocytes that could otherwise create typical inflammation signs are missing
(pneumonia without obvious X-ray infiltrates, meningitis without cerebrospinal fluid
pleocytosis, urinary tract infections without pyuria). In the most severe cases without immediate
antibiotic treatment, the clinical picture of sepsis and septic shock could develop very quickly.
Before and during antimicrobial treatment, the patient's risk of complications must be assessed.

Before a definitive infectious etiology determination, patient placement into either a low or
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high-risk group serves to facilitate prompt appropriate antibiotics initiation within an outpatient
or inpatient regimen. Generally, in cases where no potential infection site is identified, empirical
antibiotic treatment should cover a broad common bacterial range, taking into account clinical
trial results, local epidemiological status, and patient risk, with possible therapy adjustment in
subsequent days [17, 18]. However, the most dangerous bacterial spectrum, ie G-bacteria
(especially Pseudomonas sp., Klebsiella sp.), must always be covered. Gram-positive (G+)
infections are not serious in most cases, permitting empirical antibiotic treatment with an effect
on G+ bacteria postponed up to 48-72 hours or initiated in cases strongly suspecting G+
infection (catheter infection, mucositis) or high incidence of G+ infections with a fulminant
course (Streptococcus alfa haemolyticus, Staphylococcus aureus, Streptococcus pneumoniae).
One third of patients with ongoing prolonged fever during 7 days of antibiotic treatment develop
IFD (caused by Candida sp. or Aspergillus sp. in most cases) and empirical antifungal treatment
is therefore indicated. Detailed diagnosis of fever of unknown etiology (FUO) is an important

part of a comprehensive approach with hematology patients.
Fungal infections

Fungal infections are a group of infectious complications associated with a very serious
prognosis in hematological patients. According to degree of invasiveness, fungal infections are
divided into superficial (affecting body surfaces - e.g oropharyngeal candidiasis, aspergillosis
...) and invasive (invasive candidiasis, candida meningitis, invasive pulmonary aspergillosis,
disseminated invasive aspergillosis ...). The issue of opportunistic IFD among

immunocompromised patients is detailed by the aspirant in Chapter 1.2.

The epidemiology, diagnosis, treatment, and prognosis of infectious complications in
immunocompromised patients are comprehensively addressed in the following journal
publications and book chapters by the applicant in the role of author or co-author (sorted
chronologically in ascending order). Five selected publications are part of Chapter 1.4. Annexes

to Introduction (Annexes 1.4.1 to 1.4.5. sorted thematically):

- Weinbergerova B., Racil Z., Kocmanova 1., Moulis M., Kiikavova L., Mayer J.,

Vorli¢ek J. Infekéni komplikace v onkologii. Referdtovy vybeér z onkologie. 2007;(3-
4):45-51. ISSN 0034-2815.

- Weinbergerova B., Racil Z., Kocmanova I., Mayer J. Prevence a lécba febrilni

neutropenie. Referdtovy vyber z onkologie. 2009;26(1-2):9-20. ISSN 0034-2815.
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Weinbergerova B., Racil Z., Mayer J. Podpiirna 1écba jako soucast terapie chronické
lymfocytarni leukémie. Transfuze Hematol. dnes. 2010;16(1):103-111. ISSN 1805-
4587.

Racil Z., Weinbergerova B., Kocmanova 1., Mayer J. Virové infekce. In: Adam Z., ed.
Obecna onkologie. 1. vyd. Praha: Galén, 2011, s. 363-364. ISBN 978-80-726-2715-8.
(see Annex 2 in Chapter 1.4.2.)

Ra&cil Z., Weinbergerova B., Kocmanova 1., Mayer J. Pneumonie zplsobena

Pneumocystis jiroveci (carinii). In: Adam Z., ed. Obecnd onkologie. 1. vyd. Praha:

Galén, 2011, s. 361-363. ISBN 978-80-726-2715-8. (see Annex 3 in Chapter 1.4.3.)

Racil Z., Weinbergerové B., Kocmanova L., Mayer J. Febrilni neutropenie. In: Adam Z.,
ed. Obecna onkologie. 1. vyd. Praha: Galén, 2011, s. 349-359. ISBN 978-80-726-2715-
8. (see Annex 4 in Chapter 1.4.4.)

Volfova P., Lengerova M., Lochmanova J., Dvorakova D., Ricna D., Palackova M.,

Weinbergerova B., Mayer J., Racil Z. Detecting human cytomegalovirus drug resistant

mutations and monitoring the emergence of resistant strains using real-time PCR. J Clin

Virol. 2014; 61(2):270-274. ISSN 1386-6532.

Weinbergerova B., Racil Z., Kocmanova 1. a Mayer J. Bakteridlni infekce. In:

Cetkovsky P., ed. Transplantace kostni diené a perifernich hematopoetickych bunék. 1.
vyd. Praha: Galén, 2016, s. 129-131. ISBN 978-80-749-2267-1. (see Annex 1 in Chapter
1.4.1.)

Weinbergerova B., Rac¢il Z., Kocmanova I. a Mayer J. Horecka nejasného ptivodu,

systémové infekce. In: Cetkovsky P., ed. Transplantace kostni diené a perifernich
hematopoetickych bunék. 1. vyd. Praha: Galén, 2016, s. 122-128. ISBN 978-80-749-
2267-1. (see Annex 5 in Chapter 1.4.5.)

Kabut T., Weinbergerova B., Kocmanova L., Zak P., Zavielova A., Kouba M., Drgona
L., Navratil M., Mudry P., Kyr M., Keslova P., Haber J., Malladtova N., TanuSkova D.,

Novak J., Mayer J., Ra&cil Z. Pouziti a infekce centralnich vendznich katetri u
hematologickych pacienti: situace v Ceské republice a na Slovensku a doporuéeni v
jejich prevenci a diagnostice. Transfuze Hematol. dnes. 2018;24(1):27-36. ISSN 1805-
4587.

14



Kabut T., Weinbergerova B., Kocmanova L., Zak P., Zavielova A., Kouba M., Drgona
L., Navratil M., Mudry P., Stérba J., Sedlacek P., Keslova P., Haber J., Mallatova N.,

Tanuskova D., Novék J., Faber E., Mayer J., Racil Z. Prevence infek¢nich stavl u
hematologickych pacientii po splenektomii a s funkénim hyposplenismem — doporuceni
CzEch Leukemia Study Group for Life (CELL). Transfuze Hematol. dnes.
2018;24(4):304-313. ISSN 1805-4587.

Kabut T., Kocmanova 1., Zak P., Kouba M., Drgona L., Navratil M., Mudry P., Sedlacek
P., Haber J., Mallatova N., Déczyova D., Novak J., Faber E., Weinbergerova B., Stérba

J., Mayer J., Racil Z. Revakcinace dospélych pacientii po alogenni transplantaci
krvetvornych bunék: doporugeni Ceské leukemické skupiny — pro Zivot. Transfuze

Hematol. dnes. 2019;25(3):269-280. ISSN 1805-4587.

Sojak L., Racil Z., Kabut T., Weinbergerova B., Mayer J., Haber J., 74k P., Radocha J.,
Navratil M., Hajek R., Kozék T., Sedlac¢ek P., Mudry P., Szotkowské R., Papajik T.,
Szotkowski T., Cetkovsky P., Teiserova D., Mallatova N., Luka$ J., Drgona L.
Odportcania pre skrining, diagnostiku, profylaxiu a liecbu hepatitid u
hematoonkologickych pacientov — odportcania CELL. Transfuze Hematol. dnes. 2020;
26(4):333-342. ISSN 1805-4587.

Kabut T., Weinbergerovéa B., Lengerova M., Folber F., Mayer J. Letermovir u pacientti

po alogenni transplantaci krvetvornych buné¢k: piehled literatury. Transfuze Hematol.

dnes. 2022; In Press. ISSN 1805-4587.

1.2. Invasive Fungal Diseases in Immunocompromised Patients

Invasive fungal infections (IFD) are principal causes of morbidity and mortality in high-risk
immunocompromised patients. Significantly, patients with hematological malignancies,
especially in induction therapy for acute myeloid leukemia or myelodysplastic syndrome,
patients after ALO-HSCT, and those undergoing long-term immunosuppressive therapy are at
high risk [18]. Furthermore, new immunomodulatory drugs for hematological malignancy
treatment address a new spectrum of at-risk patients. Additional risk factors for IFD
development include prolonged deep neutropenia and long-term corticosteroids treatment [15].
Despite a number of potent available antifungals, successful IFD treatment is often hampered

by limited diagnostic options. Subsequent delay in antifungals initiation is an important factor
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contributing to immunocompromised patients‘ impaired survival. Conversely, excessive
employment of prophylactic or empirical treatment without clear evidence of IFD leads to a
high overdose rate associated with significant toxic side effects and the risk of developing drug
resistance. However, mortality attributed to IFD has generally declined in recent years with

advances in diagnosis, preemptive treatment, and prophylaxis.
Invasive Fungal Disease Epidemiology

Fungal infections can be caused by filamentous fungi (Aspergillus sp., Mucormycetes,
Fusarium sp.) and yeast (Candida albicans and non-albicans, Cryptococcus sp.). Aspergillus
spp. and Candida spp. are the most common fungal pathogens inducing IFD among
hematological patients [19]. Overall incidence of invasive aspergillosis (IA) is around 1-2%
and invasive candidiasis about 1% depending on the baseline hematological disease and
prophylactic antifungal treatment [19-21]. Mortality attributed to IA can reach 75% and has,

accordingly, a negative prognostic impact on immunocompromised patients' survival.

Over recent decades, routine prophylaxis introduction among patients at high risk for IFD
together with other environmental factors have caused a shift in IFD epidemiology, especially
to non-albicans strains of Candida spp. (C. glabrata, C. krusei and C. tropicalis), which may
be less sensitive to azole antifungals [22]. Similarly, IA incidence has been demonstrably
associated with the widespread use of posaconazole and voriconazole prophylaxis in high-risk
patients and a spectrum shift in favor of rare pathogens. Despite improved diagnosis and
treatment, mortality associated with IFD remains high, and antifungal prophylaxis is,
consequently, an important strategy with high-risk patients [19]. Early diagnosis and treatment
are crucial to improving prognosis [15]. Notwithstanding the best of intent, IFD is still

frequently a "post-mortem" diagnosis among hematologic patients [23].
Invasive Fungal Disease Diagnosis

IFD diagnosis is often very complicated and based on a combination of clinical signs, imaging,
microbiological methods (culture and ,,non-culture-based*), and/or histological findings in a
patient at risk. Based on these diagnostic techniques, we can classify an IFD as proven,
probable, and possible. However, IFD symptoms are mostly late, and non-specific in
immunocompromised patients with limited inflammatory response. Culture from sterile
materials is often negative or late positive, and histopathological diagnosis requiring invasive
procedure is very difficult to perform in critical and pancytopenic patients. Conventional

microbiological and histological procedures, although a cornerstone in definitive IFD diagnosis
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unfortunately come to naught in routine clinical practice. Furthermore, fungal agents are part
of the human microbiome limiting the role of antigen detection and fungal colonization can
lead to false positive test results. Most IFD diagnosis, as previously noted, is based on the
probability determination dependent on the fulfillment of host, microbiological, and clinical
criteria according to the recent EORTC / MSG (European Organization for Research and
Treatment of Cancer / Mycoses Study Group) recommendations from 2020 [15]. Conventional
imaging methods (X-ray of the lungs) again bring late and non-specific information. Computed
Tomography (CT) of the lungs is by far the most beneficial of imaging methods. A lung CT is
positive in 40-50% of patients with IA and a normal finding with a simple lung X-ray. With
IA cases, the clinical criterion for the most common pulmonary form (IPA) is a predefined

pathological CT finding [15, 24, 25].

Microbiological IFD criteria include fungal pathogen detection by routine cytology, direct
microscopy, culture, or histology of a native or "post mortem" sample. However, these
diagnostic methods affirm low sensitivity (SEN) in the early IFD stages. The above-referenced
difficulties with early IFD diagnosis have led to a very significant development of so-called
"non-culture-based" methods using the detection of fungal cell wall antigens (serological
methods of galactomannan detection, panfungal antigen-1,3-beta-D-glucan-determination) or
fungal nucleic acids using molecular biological methods. Galactomannan (GM) is an
Aspergillus cell wall polysaccharide detectable in serum and other body fluids during IA and
represents the gold diagnostic standard [15]. The panfungal antigen, 1,3-beta-D-glucan (BDG),
is a cell wall polysaccharide of most fungi except Cryptococcus spp. and Mucorales. Unlike
galactomannan, BDG is burdened with a low positive predictive value (PPV) owing to a high
rate of false positive samples. Molecular biological methods have undergone tremendous
development in terms of IFD diagnosis within the last decade, as evidenced by their inclusion
into recent EORTC / MSG recommendations [15]. Real-time detection techniques are fast,
reproducible, automated, and their SEN ranges up to 100% for both invasive candidiasis and
IA. In IA detection, a combination of PCR and GM assays has recently confirmed both high
sensitivity and specificity [26]. In recent years, every effort has been made towards international

validation and standardization of PCR methodology as an IA screening test.
Invasive Fungal Disease Treatment

Early antifungal therapy initiation in immunocompromised patients improves their capacity for

survival. Various strategies for accessing antifungal treatment are dependent upon many
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factors, including individual IFD risk and local epidemiological situation. In high-risk patients
(acute myeloid leukemia, ALO-HSCT), neutropenic, afebrile, and without any IFD symptoms,
regular screening using "non-culture-based" methods is recommended, especially in patients

without antifungal prophylaxis [27, 28].

Among febrile neutropenic patients who do not respond to broad-spectrum antibiotic therapy,
either an empirical antifungal approach is initiated, where antifungals are prescribed for
persistent fever, or a preemptive approach involves antifungals introduction in case of high IFD
risk based on a suspicious imaging finding. Finally, targeted antifungal treatment is indicated

if probable and proven IFD criteria meet expert recommendations [15, 27, 29-32].

The European experts societies recommendations for targeted antifungal treatment in the most

common IFDs are shown in Table 1.

Table 1. European Experts Societies Recommendations for First-line Targeted Antifungal IFD

Treatment.
IFD type Antifungal to 1% line targeted treatment | Dosage
6mg/kg BID DI (iv)
Voriconazole (Vfend)
Invasive 4mg/kg BID from D2 (iv)
aspergillosis 200mg TID DI-2
Isavuconazole (Cresemba)
200mg QD from D3 (po/iv)
Invasive Micafungin (Mycamine) 100 mg OD (iv)
candidiasis Amphotericin B lipid complex (Abelcet) Smg/kg OD (iv)
Amphotericin B lipid complex (Abelcet) Smg/kg OD (iv)
Invasive
. 200mg TID D1-2
MUCOrmycosts | rsayuconazole (Cresemba)
200mg OD from D3 (po/iv)
Invasive 6mg/kg BID DI (iv)
o Voriconazole (Vfend)
fusariosis 4mg/kg BID from D2 (iv)
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Amphotericin B lipid complex (Abelcet) Smg/kg OD (iv)

Amphotericin B lipid complex (Abelcet) Smg/kg OD (iv)

Invasive

6mg/kg BID D1 (iv)

geotrichosis Voriconazole (Vfend)

4mg/kg BID from D2 (iv)

Abbreviations: IFD — Invasive Fungal Disease; BID — Twice a Day; TID — Three Times a Day;
QD — One a Day

The epidemiology, diagnosis, treatment, and prognosis of IFD in immunocompromised patients
are further detailed and discussed within the following journal publications and book chapters
with the applicant in the role of author or co-author (in chronologically ascending order). Six
selected publications are part of Chapter 1.4. Annexes to Introduction (Annexes 1.4.6.to 1.4.11.
sorted thematically):

- Racil Z., Kocmanova 1., Wagnerovéd B., Kfen L., Ktikavova L., Mayer J. Invazivni

mykotické infekce u onkologickych nemocnych: zmény v epidemiologii a diagnostice.
Postgradudlni medicina: odborny casopis pro lékare. 2007;9(3):240-252. ISSN 1212-
4184. (see Annex 6 in Chapter 1.4.6.)

- R&¢il Z., Kocmanova 1., Wagnerova B., Lengerova M., Mayer J. Casn4 diagnostika

invazivnich mykotickych infekci u hematoonkologickych nemocnych pomoci
sérologickych metod. Vaitr Lék. 2007;53(9):990-999. ISSN 1801-7592. (see Annex 9
in Chapter 1.4.9.)

- Ra&cil Z., Kocmanova 1., Wagnerova B., Winterova J., Mayer J. Vyuziti detekce

galaktomannanu pro Casnou diagnostiku invazivni aspergilozy. Klin Mikrobiol Inf Lék.

2007;13(5):176-183. ISSN 1211-264X. (see Annex 10 in Chapter 1.4.10.)

- Racil Z., Mayer J., Kocmanova 1., Wagnerova B., Winterova J., Folber F., Lengerova
M., Moulis M., Ta¢kova D., Smardova L., Janikova A., Navratil M., Dvotakova D.,
Vorli¢ek J. Invazivni aspergilové infekce u hematoonkologickych nemocnych: vyznam
jednotlivych diagnostickych metod, 1é¢ebnych postupli a nastin finan¢ni naro¢nosti

1écby. Vnitr Lék. 2008;54(2):24-36. ISSN 1801-7592.
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Racil Z., Kocmanova 1., Weinbergerova B., Winterova J., Bohata S., Mayer J. Lé¢ba

invazivnich mykotickych infekci u onkologickych nemocnych. Farmakoterapie

2008;2:207-217. ISSN 1801-1209.

Racil Z., Kocmanova 1., Mayer J., Weinbergerovd B., Lengerovd M. Kombinovana

antimykotickd 1éba invazivni aspergilézy. Mimoradna priloha Postgradualni
mediciny: Novinky a specifické aspekty v lécbé invazivnich mykotickych infekci.
Postgradualni medicina: odborny casopis pro lékare. 2008; 10:19-24. ISSN 1212-4184.

Ra¢il Z., Kocmanova 1., Weinbergerovéa B., Bohata S., Winterova J., Mayer J. Terapie

invazivnich mykoz. Int Med Prax. 2008;10(4):167-171. ISSN 1212-7299.

Racil Z., Kocmanova 1., Weinbergerova B., Mayer J. Antimykoticka profylaxe u

nemocnych s akutni leukémii a myelodysplastickym syndromem. Postgradualni

medicina: odborny casopis pro lékare. 2009;11(3):16-21. ISSN 1212-4184.

Racil Z., Weinbergerova B., Kocmanova 1., Mayer J. Mykotické infekce. In: Adam Z.,
ed. Obecna onkologie. 1. vyd. Praha: Galén, 2011, s. 359-362. ISBN 978-80-726-2715-
8. (see Annex 7 in Chapter 1.4.7.)

Chrenkova V., Hubacek P., Weinbergerova B., Sedlacek P., Keslova P., Kabickova E.,
Pavlickova K., Srdmkova L., Snajdauf J., Bébrova E., Ny¢ O., Stary J., Hamal P.

Invasive mucormycosis in pediatric hematology patients--single-center experience from

2005-2010. Klin Mikrobiol Inf Lék. 2012;18(4):102-108. ISSN 1211-264X.

Racil Z., Kocmanova 1., Haber J., Drgona L., Mallatovda N., Kouba M., 74k P.,
Weinbergerova B., Sedlacek P., Mudry P., Vokurka S., Cetkovsky P., Mayer J. Lécba

invazivni aspergilozy — doporuceni odbornikti s podporou CELL. Postgradualni

medicina: odborny casopis pro lékare. 2014;16(3):7-9. ISSN 1212-4184.

Haber J., Racil Z., Drgona L., Mallatova N., Cetkovsky P., Horakova J., Kocmanova L.,
Kouba M., Weinbergerova B., Mudry P., Sedlaéek P., Sejnova D., Zak P., Mayer J.

Lécba invazivniho kandidového onemocnéni a hematogenni kandidové infekce —
doporuceni odbornikli s podporou CELL. Postgradualni medicina: odborny casopis pro

lékare. 2014;16(3):11-13. ISSN 1212-4184.

74k P., Zavielova A., Radocha J., Haber J., Drgonia L., Kouba M., Kocmanova I.,
Mallatova N., Weinbergerovd B., Cetkovsky P., Mayer J., Racil z. Lécba vzacnych

invazivnich mykéz (mukormykozy, fuzaridzy a kryptokokdzy) u leukémii a po
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transplantaci hematopoetickych bunék (doporu¢eni odbornikii s podporou CELL, CHS
JEP, COS JEP, SOS). Postgradudlni medicina: odborny casopis pro [ékare.
2014;16(3):14-15. ISSN 1212-4184.

Kouba M., Racil Z., Haber J., Drgona L., Z4ak P., Kocmanova L., Mallatova N.,

Weinbergerova B., Cetkovsky P., Mayer J. Priméarni profylaxe invazivnich

mykotickych infekci u hematoonkologickych nemocnych — doporuceni odbornikii — s
podporou CELL, CHS JEP, COS, SOS. Postgradudlni medicina: odborny casopis pro
lékare. 2014;16(3):19-21. ISSN 1212-4184.

Weinbergerova B., Kocmanova 1., Racil Z., Mayer J. Serological Approaches. In: Lion

T., ed. Human Fungal Pathogen Identification: Methods and Protocols, Methods in
Molecular Biology. 1. vyd. New York: Springer Science+Business Media New York;
2017;1508:209-221. ISBN 978-1-4939-6513-7. (see Annex 11 in Chapter 1.4.11.)

Weinbergerova B., Kabut T., Kocmanova 1., Drgona L., Kouba M., Hri¢inova M.,

Gabzdilova J., Guman T., Pete¢ukova V., Novak J., Forsterova K., Haber J., Ziakova
B., Bojtarova E., Zavielova A., Karas M., Chrenkova V., Sedlacek P., Tkacikova B.,
Mudry P., Mallatova N., Timr P., Kolenova A., Tanuskova D., Hordkova J., Navratil
M., Chudej J., Sokol J., Rolencova M., Zak P., Cetkovsky P., Mayer J., Ra¢il Z. Zmény
v epidemiologii invazivnich mykotickych infekci v ceskych a slovenskych
hematoonkologickych centrech v letech 2005-2017: analyza dat FIND. Transfuze
Hematol. dnes. 2019;25(2):186—196. ISSN 1805-4587. (see Annex 8 in Chapter 1.4.8.)

1.3. SARS-CoV-2 Infections in Immunocompromised Patients

Coronavirus Disease 19 (COVID-19), caused by Severe Acute Respiratory Syndrome-
CoronaVirus-2 (SARS-CoV-2), was declared a pandemic in March 2020 by the World Health

Organization (WHO) which has thus far recognized more than 5 million deaths [33]. Owing to

immunodeficiency and immunosuppressive therapy, patients with hematological malignancies

are considered to be at high risk for development of a severe and life-threatening case of

COVID-19. Additionally, the resulting need to modify the approach and timing of cancer

treatment contributes to the deterioration of patients' capacity for survival. Published COVID-

19 hematological patient data, applicable to over 50%, notes that mortality is dependent upon
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the type and status of the hematological disease, previous cancer treatment, patient age, and

comorbidities [34].

COVID-19 cases covering patients with hematological malignancies are registered in the
extensive EPICOVIDEHA database (Epidemiology of COVID-19 Infection in Patients with
Hematological Malignancies), a worldwide project sponsored by the European Hematology
Association (EHA). Active contributors include the Czech hematological centers, one of which
is the aspirant’s workplace with the Czech Leukemia Study Group for Life (CELL). The
geographical distribution of patients enrolled in EPICOVIDEHA is detailed in Figure 1. To
date, a number of extensive analyzes describing epidemiological, clinical, and prognostic data
for COVID-19 in hematological patients in which the aspirant participated as a co-author have

been published on the basis of substantial data entered in EPICOVIDEHA.

Figure 1. Geographical Distribution of Patients Reported to EPICOVIDEHA.

e e

- -

Adapted from the publication in Annex 27.
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1.4. Annexes to Introduction
1.4.1. Annex 1

Weinbergerova B., Racil Z., Kocmanova 1. a Mayer J. Bakteridlni infekce. In: Cetkovsky P.,
ed. Transplantace kostni drené a perifernich hematopoetickych bunéek. 1. vyd. Praha: Galén,
2016, s. 129-131. ISBN 978-80-749-2267-1.
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4.7. Bakterialni infekce

Barbora Weinbergerovd, Zdenék Récil,
Iva Kocmanovd, Jiri Mayer

uvoD

Bakteridlni infekce se vyskytuji u nemocnych po alogenni
HCT s nejvétsi frekvenci v obdobi do pfihojeni Stépu.
Hlavnim rizikovym faktorem tohoto obdobi je tézkd
granulocytopenie a mukozitida. Pozdni potransplantacn{
obdobi, po dni +100 po HCT, je provézeno vedle defektu
bunééné imunity (rekonstituce trvé az 12-24 mésict) pro-
tilitkovym deficitem. Vétsina pacienti mé nizkou hladinu
Ig, coz vede ke zvySenému riziku infekci, zpiisobenému
opouzdfenymi (enkapsulovanymi) bakteriemi. Hlavnim
rizikovym faktorem, ovliviujicim rychlost imunitni
rekonstituce, je chronickd GvHD. Morbidita a mortalita
infekénich komplikaci po autologni HCT je nizsi. V sou-
¢asné dobé, kdy jsou ve vét§iné pipadii pouZity jako zdroj
krvetvorné tkané periferni hematopoetické buriky, netrva
obdobi granulocytopenie vétsinou déle nez 14 dniia riziko
bakteridlnich infekci je p¥iblizné stejné jako po konvencni
chemoterapii vedouci k diefiovému ttlumu. Protoze viak
jde velmi éasto o predléené nemocné, vyskytujise u nich
jiné rizikové faktory, které je predisponujik rozvoji infeké-
nich komplikaci (nejéastéji prolongovand kortikoterapie
a hypogamaglobulinémie). Pozdni infekéni komplikace
jsou s vyjimkou nemocnych, u kterjch bylo pouzito TBI
v rdmei pifpravného rezimu, velmi vzicné.

BAKTERIALNI INFEKCE

B Obdobi preengraftmentu (obdobi od podani

itépu do hematopoetické rekonstituce)
Bakterialni infekce, které prichdzeji v obdobi granulo-
cytopenie pred prihojenim $tépu, jsou stejné jako pii
granulocytopenii nasledujici konvencni chemoterapii
(viz kap. 4.6.).

B Intermediarni potransplantaéni obdobi

(od hematopoetické rekonstituce

do dne +100 po HCT)

Casné potransplantacni obdobf (postengraftment), od
hematopoetické obnovy do dne +100, je charakterizovino
deficitem bunéné imunity se snizenym po¢tem a funk-
ci specifickych i nespecifickych cytotoxickych bunék.
Hlavnim rizikovym faktorem tohoto obdobi, ktery vede
k opozdéni imunitni rekonstituce a zvysuje riziko infeke-
nich komplikaci, je akutni GvHD.

Bakteriémie se objevi zhruba u 14 % pacientii v obdobi
po uchyceni §tépu. Mortalita na bakteriémii je srovnatelnd
v obdobi pred a po uchyceni §tépu. Spektrum patogentl
unemocnych s dokumentovanou bakteriémii ukazuje pfe-
vahu G* bakterif (47 % stafylokoki), které jsou odpovédné
7a 75 % viech infekci. U nemocnych v obdobi preengraft-
mentu je zastoupeni mikrobiologicky dokumentovanych
infekci pouze 5-10 %, naproti tomu v obdobi po uchyceni
§tépu je jejich zastoupeni vice nez 50 %. Katétrové infekce
jsou odpovédné za vice nez 30 % vsech bakteriémit béhem
obdobi postengraftmentu. Dal3i casté infelni kompli-
kace béhem stfedniho potransplantaéniho obdobi jsou

pneumonie, zvl§té zpiisobené Streptococcus pneumoniae,
Klebsiella spp. a Pseudomonas aeruginosa.

¥ Pozdni infekce po alogenni HCT

(po dni +100 po transplantaci)

Toto obdobi miize komplikovat chronicka GvHD, cha-
rakterizovand tézkym kombinovanym imunodeficitem
bun&énym a humoralnim. Nésledkem poskozeni sliznicni
bariéry, funkénimu postizeni granulocytd, funkéni asplenii
a kvalitativni i kvantitativni poruse T- a B-lymfocytd, jsou
tito nemocni ve vysokém riziku infekénich komplikaci.
Bakterialni infekce postihujici horni a dolni dychaci cesty
maji hlavni podil na mortalité nemocnych s GvHD.

Diilezité: zivot ohrozujici infekce typicky zptisobuji
enkapsulované bakterie, Streptococcus prneumoniae a Hae-
mophilus influenzae.

Pneumokokové infekce probihaji pod obrazem pneu-
monie nebo sinusitidy a mohou vyustit az k fulminantnimu
septickému stavu. Riziko pneumokokové sepse pfetrvava
tadu let po HCT. Haemophilus influenzae vyvoléva infekce
horni i dolni &sti respiracniho tstroji, které mohou opét vy-
Gistit v sepsi. U téchto nemocnych musi byt antimikrobidlni
1é&ba zahdjena od za¢atku Klinickych projevi infekce.

LECBA BAKTERIALNICH INFEKCi PO HCT

Lééba bakteridlnich infekci v obdobi granulocytopenie,
a to jak empirickd, tak cilend, je stejnd jako lécba febrilni
neutropenie (viz kap. 4.6.).

V obdobi po pfihojeni §tépu (¢asném a pozdnim),
kdy pacient neni granulocytopenicky, je vétSinou mozné
se zahdjenim antimikrobidlni lécby vyckat do vysledki
mikrobiologického vysetieni (napf. vysledkii z materialu
ziskaného BAL).

Diilezité: dojde-li k rozvoji hypoxie a/nebo piiznaki
septického stavu, je nutné empirickou ATB lécbu zahdjit
ihned. Volbou jsou $irokospektrd ATB s dobrym ti¢inkem
na Streptococcus preumoniae a Haemophilus influenzae.

Pokud nedochazi po 3-5 dnech empirické ATB lécby
ke zlepieni, vdy je nutno vyloucit invazivni mykotickou
a virovou infekei.

B Diagnostika a lééba bakterialnich infekci
podie lokalizace infekéniho procesu

Pneumonie
4 Patogeny
Streptococcus pneumoniae, Haemophilus influenzae, Sta-
phylococcus aureus, Escherichia coli, Klebsiella pneumo-
niae, Enterobacter spp., Proteus spp., Serratia marcescens,
Pseudomonas aeruginosa, Acinetobacter spp., Legionella
preumophila.

0 Klinicky obraz
Febrilie, kasel, expektorace sputa, pleurodynie, dusnost.

0 Diagnostika
RTG snimek plic, HRCT plic, kultiva¢ni vySetfeni sputa,
BAL, sérologické vysetient.

0 Terapie

Komunitni pneumonie

U ambulantné lé¢enych nemocnych bez granulocytopenie
a imunosupresivni terapie lze pouzit monoterapii fluoro-
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Zasady podpiirné 1é¢by u nemocnych po HCT

chinolonem nebo kombinaci betalaktamového ATB (napf.
amoxicilin/klavulanat, cefuroxim) s makrolidem (napt.
clarithromycin).

U nemocnych vyzadujicich hospitalizaci je doporucena
monoterapie fluorochinolonem nebo kombinace makro-
lidu s betalaktamovym ATB (cefalosporin III. generace,
ampicilin, event. v uritych pfipadech karbapenemy).

V ptipadé zivainé pneumonie nebo u nemocnych
s granulocytopenii ¢i imunosupresivni lécbou, je indikova-
na kombinace antipseudomonadového betalaktamového
ATB (piperacilin/tazobactam, cefepim, karbapenemy) bud
s fluorochinolonem (ciprofloxacin/levofloxacin), nebo
s makrolidem a zdroven aminoglykosidem.

U pacientii s pfedchozi infekei nebo zndmou kolonizaci
MRSA lze zvazit pfidan{ vancomycinu,

Nozokomidlni pneumonie

Nizké riziko multirezistentnich kment:

e ceftriaxon nebo levofloxacin/ciprofloxacin nebo ampi-
cilin/sulbactam.

Vysoké riziko multirezistentnich G- kmeni:

e protipseudomonadovy cefalosporin (cefepim, ceftazi-
dim) nebo protipseudomonadovy karbepenem (imi-
penem, meropenem) nebo betalaktam/p-laktamazovy
inhibitor (piperacilin/tazobactam plus

e protipseudomonddovy fluorochinolon (ciprofloxacin,
levofloxacin) nebo aminoglykosid (amikacin, gentami-
cin, tobramycin).

Pii suspekei na Legionella pneumophila: do kombinace

makrolid & fluorochinolon radéji nez aminoglykosid. Pii

vysokém riziku MRSA: linezolid nebo vancomycin.

Katétrové infekce

U Patogeny

Koaguldza-negativni stafylokoky, Staphylococcus aureus,
Enterococcus faecalis, Enterococcus faecium, G- bakterie
(Escherichia coli, Klebsiella spp., Enterobacter spp., Serratia
marcescens, Acinetobacter spp., Stenotrophomonas malto-
philia, Pseudomonas aeruginosa, Burkholderia cepacia).

Q Klinicky obraz
Febrilie/tfesavka po i.v. aplikaci do katétru, zarudnuti,
sekrece v misté vstupu katétru do kaze.

0 Diagnostika

Soucasny odbér hemokultury (HMK) z periferni #ly
a zilniho katétru s casovym rozdilem pozitivit HMK
z katétru nejméné 2 h pred pozitivitou HMK odebrané
z periferni Zily (odbér HMK je nutné provést jeté pred
nasazenim antimikrobidln{ lécby), kultivacni vysettent
zilniho katétru.

1 Terapie
Extrakee zilniho katétru zévisi na lokdlnim nalezu v okoli
jeho vstupu do kiize a typu vykultivovaného patogenu.
DiileZité: extrakce Zilniho katétru je doporuéena
unemocnych s katétrovou infekci a zéroven tézkou sepsi,
hnisavou tromboflebitidou, endokarditidou, pokracujici
bakteriémii i po 72 h cilené antimikrobialni 1é¢by nebo
zachytem Staphylococcus aureus, Pseudomonas aeruginosa,
hub nebo mykobakteria.

Empirickd lécba musi korelovat s lokalni epidemio-
logickou situaci a zdvaznosti infekce (napt. cefalosporin
IV. generace, karbapenem nebo betalaktamové ATB s/bez
aminoglykosidu).

Vancomycin je doporucen pro empirickou lé¢bu u ne-
mocnych kolonizovanych MRSA.

Kombinovana empirickd 1écba s cilem pokryti G- mul-
tirezistentnich kment, jako Pseudomonas aeruginosa, by
méla byt pouzita u granulocytopenickych pacienti, tézce
nemocnych v sepsi nebo pacientti se znamou kolonizaci
témito patogeny.

Abdominalni infekce

0 Patogeny
Pseudomonas aeruginosa, Enterobacter spp., Proteus spp.,
MRSA, Enterococcus spp.

O Klinicky obraz
Bolest, febrilie, nauzea, zvraceni, prijem, subileus, ileus.

1 Diagnostika
USG, CT, RTG, kultiva¢ni vysetfeni sekreti z abscesovych
formaci.

0 Terapie
e Monoterapie
- betalaktam/betalaktamovy inhibitor
(ampicilin/sulbactam, piperacilin/tazobactam,
ticarcilin/klavulanov kyselina)
~ karbapenemy (ertapenem, imipenem/cilastatin,
meropenem)
- cefalosporiny
e Kombinované rezimy
-~ aminoglykosid (gentamicin, tobramycin, netilmicin,
amikacin) plus ATB s u¢inkem na anaeroby
(clindamycin, metronidazol)
~ cefalosporiny (cefuroxim, ceftriaxon, cefotaxim,
cefepim) plus metronidazol
- ciprofloxacin plus metronidazol
Pfi suspekci na klostridiovou kolitidu je indikovan p.o.
metronidazol.

MYKOBAKTERIALNI INFEKCE

Mykobakteridlni infekce se vyskytuji u pacientt: po HCT
s incidenci kolem 0,8 % po alogennich a 0,2 % po auto-
lognich HCT. V endemickych oblastech se mtiZe incidence
pohybovat az kolem 15 %. Jednd se obvykle o pozdni
infekéni komplikaci po HCT, objevujici se po dni 100 po
HCT. Mortalita na tyto infekce je udavdna u nemocnych
po HCT kolem 15-30 %. Jedn4 se o typické oportunni
infekce. Mykobakterialni infekce rozdélujeme podle
pavodce na tuberkulézu a atypické (netuberkulézni)
mykobakteridln{ infekce.

= Tuberkuléza
Patogeny, které zpiisobuji toto onemocnéni, jsou Myco-
bacterium tuberculosis (MTB) a M. bovis.

Obecnymi rizikovymi faktory pro rozvoj tuberkulozy
jsou: imunosuprese, vysi vék, konkomitantni plicni cho-
roby (chronicka obstrukéni plicni nemoc, plicni fibréza,
bronchiektazie atd.), koexistujici jind infekce, diabetes
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Tab. 4.7.-1. Antituberkulotika, jejich dédvkovani a nezadouci icinky

Nazev antituberkulotika | Davkovani

Nezadouci tcinky

(max. 600 mg, moZno také i.v.),
intermit. davkovani stejné

Isoniazid 5mg/kag/den p.o. (max. 300 mg), hepatotoxicita, vzacné periferni neuritidy,
15 mg/kg intermit. (max. 1g) event. poskozeni CNS
Rifampicin 10 mg/kg/den p.o. hepatotoxicita, vzacné trombocytopenie, nefrotoxicita

Cave: Cetné lékové interakee! (Snizuje sérové hladiny napf.
ciclosporinu, tacrolimu, rapamycinu, kortikosteroid)

Pyrazinamid 25 mg/kg/den p.o., > 55 kg 2 g/den,

a3 g/den <55kg

<55kg 1,5 g/den, intermit. 3,5 g/den > 55 kg

hepatotoxicita, hyperurikémie

Streptomycin
intermit, davkovani stejné

obv. 1 g/den im., > 40 let nebo <50kg 0,75 g,

ototoxicita, nefrotoxicita

Ethambutol

45 mg/kg 2x tydné

15-20 mg/kg/den p.o., 30 mg/kg 3x tydné,

vzdcné neuritida n. optici

Pozn.: Kromé uvedenych 5 zdkladnich antituberkulotik je mozné uTBC vyvolané polyrezistentnim kmenem M. tuberculosis pouzivat v |éCbé
dalsi léky: ofloxacin, ciprofloxacin, rifabutin, clarithromycin, kanamycin, amikacin, erythromycin, cycloserin, ethionamid, cotrimoxazol,
amoxicilin/klavulanova kyselina a dal3i. Pouzivani téchto léku je pfisné individualizované a vychazi ze zjisténé citlivosti kmene nebo

klinického efektu.

mellitus, deficit CD4+ T-lymfocyti, HIV infekce. Riziko-
vymi faktory u nemocnych po HCT jsou léky pouZivané
v ptipravnych rezimech zpasobujici depleci/dysfunkci
T-lymfocytti (napt. fludarabin, ATG, alemtuzumab), pfe-
vod darcovského $tépu chudého na T-lymfocyty, podavani
kortikosteroidi, celotélové ozareni, GvHD.

Nejcastéjsi zpasob rozvoje tuberkulézy po HCT je reak-
tivace latentni infekce u nemocnych s predchozi expozici.
mimoplicni postiZenf (jatra, kize, CNS, skelet, Iymfatic-
ké uzliny, mocovy méchyt, GIT a jiné) & diseminovana
forma. Klinickym projevem byvd ¢asto pouze FUO. Neni
jednotny nélez na RTG/HRCT plic, miiZe se jednat o lo-
ziskové &i difuzni intersticidlni infiltraty, noduly, pleuralni
vypotek nebo dutinové 1éze. Teplota byva pfitomna velmi
&asto. Léze na o&nim pozadi mohou byt ¢asnou znamkou
diseminace onemocnéni.

V diagnostickych metodach selhévaji jak kultivaéni
metody pro nutnost dlouhodobé (Sestitydenni) kulti-
vace, tak i tuberkulinovy test (Mantoux test) pro svou
nizkou senzitivitu u anergnich imunokompromitovanych
nemocnych. Zlatym standardem tedy ztistdva v diagnos-
tice pfimy priikaz acidorezistentnich ty¢ek ve vzorku
ziskaném z mista suspektniho z infekce barvenim podle
Ziehl-Neelsena &i histopatologicky priikaz tuberkuldz-
niho uzliku nebo exsudétu v tkani. Diagnézu podporuje
anamnéza, RTG ¢&i CT nélez, tuberkulinovy test, broncho-
skopie. Relativné novou metodou v diagnostice TBC je
Quantiferon-TB test (kvantifikace IEN-y uvoliiovaného
ze senzibilizovanych lymfocyt purifikovanym protei-
nem z M. tuberculosis), aviak i u tohoto testu sniZzuje
senzitivitu imunosuprese nemocnych po HCT. Dalsi
metodou, kterd vyznamné napoméhd ke zlkrdceni Casu
do diagnostiky TBC, je PCR.

Sou&asnd doporuceni pro terapii mykobakteridlnich
infekei predstavuji pouziti kombinované 1é¢by. Inicidlni
fize terapie trva zhruba 2 mésice a probiha za hospita-
lizace, pokragovaci fize (obvykle ambulantni) ndsleduje
bezprostiedné po fdzi inicidlni, trva obvykle 4-6 mésicti
a terapie je bud denn{ nebo intermitentni (vétsinou 3krdt

tydné). Standardni kombinace antituberkulotik uzivana
pro inicidln{ 1é¢bu je: isoniazid, rifampicin, pyrazinamid
a ethambutol nebo streptomycin, pro pokracovaci fazi pak
kombinace: isoniazid/rifampicin nebo isoniazid/etham-
butol. Léky uzivané pro jednotlivé faze lécby, jejich ddv-
kovan{ a nezddouci tiéinky jsou uvedeny v tab. 4.7.-1.

B Atypické mykobakterialni infekce

Nejcastéjéi druhy netuberkuldznich mykobakterii vyvola-
vajici onemocnéni jsou: M. avium komplex - MAC, které
zahrnuje M. avium a M. intracellulare a ddle M. kansasii,
M. gordonae, M. chelonae, M. fortuitum, M. abscessus,
M. scrofulaceum, M. malmoens, M. ulcerans. V dnedni
dobé je identifikovano vice nez 120 mykobakteridlnich
druhd, které mohou vyvolat onemocnéni u lidi. Rezer-
voarem netuberkul¢znich mykobakterii jsou sladkovodni
i motské vodni plochy, pida, biofilmy. Netuberkulézni
mykobakteria jsou méné virulentni nez M. tuberculosis.
Rizikové faktory jsou stejné jako u tuberkulézy.

Plicni manifestace se vyskytuje pfiblizné u 94 %
onemocnéni, mimoplicni formy postihuji kazi, kosti,
lymfatické uzliny. Klinické a RTG ndlezy jsou stejné jako
u TBC. V diagnostice nam slouzi klinické ptiznaky plicni
infekce, obraz noduldrni nebo dutinové opacity na RTG
plic nebo multifokalni bronchiektizie s mnohocetnymi
drobnymi uzliky na HRCT, vyloudeni jinych moZnych
diagnéz véetné TBCa mikrobiologické nalezy (kultivaéni
pritkaz netuberkuldzniho mykobakteria ze dvou sepa-
ratnich vzorkd sputa a/nebo z bronchoalveolarni lavaze
a/nebo histopatologicky nalez granulomatézniho zanétu
nebo acidorezistentnich tyc¢ek z transbronchidlni nebo jiné
plicni biopsie a zdroven pozitivni kultivace).

Lécba trvd obvykle 12 mésic po dosaZeni negativni
kultivace. Standardem je kombinovana antimikrobidlni
1é¢ba. Pouzivanymi léky jsou: clarithromycin/azithromy-
cin, ethambutol, rifampicin, a déle napf. streptomycin,
amikacin, isoniazid, rifabutin, ciprofloxacin. Indikacemi
k chirurgické 1é&bé jsou recidivujici hemoptyza, lokalizo-
vand léze, solitarni noduly, pfipady nereagujici na systémo-
vou l1é¢bu, recidiva onemocnéni nebo lymfadenitida.
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4.6. Horecka nejasného piivodu,
systémové infekce

Barbora Weinbergerovd, Zdenék Rdcil,
Iva Kocmanovd, Jiti Mayer

uvoD

Nemocni po transplantaci hematopoetickych bunék
(HCT) maji zavazny kombinovany imunodeficit. V obdob{
pfed pfihojenim (tzv. preengraftmentu) stoupa riziko
rozvoje oportunnich infekei prevaziné diky dlouhodobé
a hluboké granulocytopenii. U pacienti s velmi zdvaznou
granulocytopenii, kterd trvd déle nez 10 dni, se v 80%
objevi horecka a infekéni komplikace. U vice nez 50 %
febrilnich epizod nelze identifikovat misto infekce.

DEFINICE FEBRILNi NEUTROPENIE
Granulocytopenie (méné pfesné tzv. neutropenie) je defi-
novéna jako pokles neutrofilnich granulocytt < 0,5 - 10%/1
nebo pokles <1,0-10%1 s predpoklddanym poklesem
< 0,5-10%/1 v nasledujicich dnech. Podle hloubky pokle-
su granulocytt rozlidujeme granulocytopenii mirnou:
< 1,0 10%/1, stiedné zavaznou: < 0,5- 10/l a velmi zdvaz-
nou; <0,1-10%L

Febrilie: existuje vice definic: jednou z nich je napt.
jednorazové zmétend ordlni teplota = 38,3 °C nebo teplota
= 38 °C trvajici > 1 h.

Jakékoliv spojeni febrilie s granulocytopenii oznacuje-
me jako febrilni neutropenii (EN), i kdyz hore¢ka nemusi

Tab. 4.6.-1. Nejcastéjsi patogeny pfi febrilni neutropenii

byt vidy zptisobena infekci. Na druhé strané mohou byt
u nékterych granulocytopenickych nemocnych pfiznaky
infekce i bez doprovodné teploty (napf. bolest bficha
nebo okoli koneéniku, bolestivé kozni infiltraty, tézkd
mukozitida). Horecka mtize chybét také pfi soucasné 1é¢bé
kortikosteroidy, nesteroidnimi antiflogistiky. I tyto osoby
by mély byt povazovany za nemocné s aktivni infekei

a mély by byt 1é¢eny dle z4sad pro FN.

EPIDEMIOLOGIE FEBRILNi NEUTROPENIE

U vétsiny granulocytopenickych nemocnych jsou piti-
vodcem infekce kolonizujici mikroorganismy, naopak
méné ¢asto pak jde o mikroorganismy ziskané z okoli.
Inicidlnimi patogeny jsou nejcastéji bakterie, méné ¢asto
viry. V pozdéjsi fazi FN mohou vznikat druhotné infekce
zplisobené ¢asto kvasinkami a plisnémi. Tomu napoméhd
lé¢ba sirokospektrymi antibiotiky (ATB). V nejvyznam-
néjéi skupiné bakteridlnich infekef u granulocytopenickych
pacientti od 80. let minulého stoleti vyrazné dominuji in-
fekce grampozitivni (G*) nad gramnegativnimi (G-), tvof{
70-80 % mikrobiologicky dokumentovanych bakteridlnich
infekci (tab. 4.6.-1.).

Primarnim anatomickym mistem vzniku infekce je
nejcastéji gastrointestinalni trakt, vedlejsi nosni dutiny,
plice nebo kiZe. Protinddorové 1é¢ebné postupy totiz naru-
$uji slizni¢ni bariéru, coz umozni invazi mikroorganismd
s nizkou patogenitou, kolonizujicich télesné povrchy. Dalsi
branou vstupu infekce do téla jsou invazivni zdkroky na-
rudujici ptirozené bariéry.

Incidence FN u pacientt po HCT se pohybuje aZ
kolem 90 %.

Staphylococcus aureus
Enterococcus spp.
viridujici streptokoky
Streptococcus pneumoniae
Gt

Escherichia coli
Pseudomonas geruginosa

Klebsiella spp.
jiné enterobakterie

Cytomegalovirus
Respiracni viry (respiracné syncycialni virus,
virus parainfluenzy, viry influenzy, adenoviry)

Bakterie Viry Kvasinky a plisné
G*: Virus herpes simplex 1 + 2 Candida spp.
stafylokoky koagulaza-negativni Lidsky herpeticky virus 6 Aspergillus spp.

Tab. 4.6.-2, Rizikové faktory pro rozvoj infekce u granulocytopenického pacienta

Rizikovy faktor

Priklad

Nadorové onemocnéni

akutni leukémie (granulocytopenie), chronicka lymfaticka leukémie
(hypogamaglobulinémie), lymfomy (defekt bun&éné imunity), mnohocetny myelom

(abnormalni imunoglobuliny)

Protinadorova lécba

chemoterapie, radioterapie, kortikoterapie, HCT, splenektomie

Naruseni fyziologickych bariér

poskozeni sliznic chemoterapii nebo radioterapii, zavedené intravendzni katétry,
mocovy katétr, uméla plicni ventilace, naruseni fyziologické mikrofléry

Obstrukce dychacich cest, mocovych cest
a traviciho Ustroji nadorem

Malnutrice

Ptidruzené choroby doprovézené poruchou
obranyschopnosti

diabetes mellitus, rendlni insuficience
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Tab. 4.6.-3. Rozdéleni nemocnych do prognostickych skupin

Nizké riziko

Vysoké riziko

granulocyt(i > 0,1-107%/I

granulocytopenie v dobé infekce trva < 7 dna

a celkova ocekéavana doba granulocytopenie < 10 dnii
nejvyssi teplota < 39 °C

nepfitomnost znamek sepse / zavazné infekce
(hypotenze, tachykardie, dehydratace, bolest bficha,
neurologické zmény)

normalni funkce jater a ledvin

neni infekce nitrozilniho katétru

klinicky stabilni pacient / ambulantni pacient
nadorové onemocnéni v remisi

neni pfidruzena zadna jina zavazna choroba (diabetes mellitus,
CHOPN, chronicka srde¢ni insuficience)

dobry performance status

e nemocny drive neprodélal mykotickou infekci

e vék <60 roku

e absolutni pocet granulocytl a ocekdvany nejnizsi pocet
granulocytt <0,1-10%1

granulocytopenie v dobé infekce trvd = 7 dnti

a celkova ocekdvana doba granulocytopenie > 10 dnui
teplota > 39 °C

klinicky nestabilni pacient (hypotenze, tachykardie,
dehydratace, bolest bficha, neurologicka symptomatologie) /
hospitalizovany pacient

$patna funkce jater nebo ledvin

patologie na RTG hrudniku

HCT

akutni leukémie, pokud neni v remisi

progredujici nddorové onemocnéni

zavazné pridruzené onemocnéni (diabetes mellitus, chronicka
obstrukéni plicni nemoc, chronicka srdeéni insuficience)

o vék > 60 roku

Pozn.: Nizké riziko ma nemocny splitujici vétsinu kritérii v levém sloupci. Vysoké riziko ma nemocny, ktery spliuje i jen jediny faktor uvedeny

v pravém sloupci tabulky.

Rizikové faktory: vedle hloubky a délky granulocyto-
penie predisponuje granulocytopenického nemocného
ke vzniku infekénich komplikaci celd fada faktord, které
plsobi synergicky s poklesem granulocytu (tab. 4.6.-2.).

KLINICKY OBRAZ FN

Diilezité: horecka je velmi casto jedinym projevem pii-
tomné infekce u granulocytopenickych nemocnych, nebot
na vytvoreni dal$ich typickych znamek zanétu (infiltrata
a jejich klinickych projevit) chybéji granulocyty.

Je-li ziejmé lozisko infekce, potom klinicky obraz
odpovida zanétlivému postizeni v dané lokalizaci. V nej-
zdvaznéjsich pripadech a bez okamzité ATB lécby pak
muze velmi rychle dojit k rozvoji klinického obrazu sepse
a septického $oku.

VYSETRENI NEMOCNEHO S FN

Vysetfeni nemocného s FN zahrnuje dukladné klinické
a laboratorni vysetteni (KO s diferencidlnim rozpoctem
leukocyt, biochemické vySetieni vcetné CRP a/nebo
prokalcitoninu, koagula¢ni vysetfeni véetné markert
DIC a biochemické a mikroskopické vy$etieni moci
a mocového sedimentu). Dale pak mikrobiologicka
vySetieni s odbérem hemokultury (HMK), obvykle
z periferni zily i CZK, modi, stolice, stéru z dutiny tstni
a dalsich mist suspektnich z infekce jesté pred zahdjenim
ATB terapie.

Doporucovano je pravidelné monitorovani mikro-
biologické flory (dutiny tstni, moci a rekta) granulocy-
topenického nemocného (a to i afebrilniho) bez znamek
lokalizované infekce minimaélné v tydennich intervalech,
které miize napomoci pfi volbé inicidlnich ATB (MRSA,
VRE, Klebsiella spp. s produkci $irokospektré B-laktamazy,
multirezistentni kmeny Pseudomonas aeruginosa, koloni-
zace kmenem Candida tropicalis). K mikrobiologickému
monitorovani u vysoce rizikovych granulocytopenickych
nemocnych patiiv soucasné dobé také pravidelné odbéry
séra (minimalné 2krat tydné) k pritkazu povrchovych anti-
genu Aspergillus spp. - galaktomananu - pomoci sandwich
ELISA (Platelia Aspergillus test), které mohou urychlit

vcasny zachyt invazivni aspergilozy. V potransplantaénim
obdobi jsou soucasti pravidelného monitoringu i odbéry
na virologicka vysetteni (CMV, EBV atd.).

Ze zobrazovacich metod je nutné provedeni RTG
srdce a plic, a to pfi vstupnim vySetfeni a ndsledné pfi
klinickych znamkach infekce dychacich cest. U nemoc-
nych s plicni symptomatologii (i pfi negativnim RTG)
a/nebo perzistujicimi febriliemi déle nez 5-7 dni i pres
ATB lécbu, je nutné provedeni HRCT plic, které zachyti
zndmky pneumonie u vice nez poloviny pacientd s FN
s normalnim nédlezem na RTG plic a navic je schopno
odlisit charakter infiltraci, pfesnéji urcit lokalizaci infekce
alépe zobrazit dutinovy proces. Pfi klinickych znamkach
infekce v oblasti paranazélnich dutin je nutné RTG, event.
CT vysetfeni této lokalizace. Pfi klinickych znamkach
cholecystitidy, pyelonefritidy, apendicitidy, peritonitidy,
hepatosplenomegalie ¢i jiné patologie v dutiné bfi$ni, je
nutné provést USG, ptipadné CT vy$etieni. Pfi podezieni
na endokarditidu nebo pfi pretrvavajicich febriliich i pfes
ATB terapii (zvla$té u nemocnych s anamnézou kanylové
infekce ¢i chlopenni vady), je indikovéno provedeni ECHO
(transezofagealni, event. transthorakalni).

Vyseteni materialu z infekéniho loziska by mélo byt
provedeno vzdy, pokud to klinicky stav a laboratorni
hodnoty umoznuji. Material slouzi k histologickému
(cytologickému), mikrobiologickému, event. bioche-
mickému a imunologickému vysetfeni. Absolutné nej-
Castéji jde o vySetfeni materidlu ziskaného BAL, kterd je
indikovana vzdy pfi klinickych a RTG znamkach plicni
infekce. V nékterych pripadech muze byt indikovana plicni
biopsie (tenkojehlova nebo oteviena), a to predevsim pti
podezfeni na invazivni mykotickou infekci. Déle je nutna
punkce pleuralniho vypotku, punkce paranazélnich dutin,
vysetfeni likvoru a punkce nebo biopsie koznich 1ézi pti
znamkach infekce ¢i patologie v téchto oblastech.

STANOVENI RIZIKA ROZVOJE KOMPLIKACI FN

Pred zahdjenim a v prabéhu antimikrobidlni 1é¢by je
nutné zhodnotit stupen rizikovosti nemocného pro roz-
voj komplikaci. Rozdéleni nemocnych s FN na skupinu
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s nizkym a vysokym rizikem rozvoje komplikaci slouzi
k volbé vlastnich ATB a rozhodnuti o ambulantni nebo
hospitaliza¢ni terapii (tab. 4.6.-3., 4.6.-4.).

Tab. 4.6.-4. Skérovaci systém pro urceni rozvoje rizika kom-
plikaci u pacientt s febrilni neutropenii, zalozeny na MASCC
prediktivnim modelu

Charakteristika Skore
Mira nemoci = klinicky stav
(vybira se pouze jedna ze tii moznosti)
Zadné symptomy 5
Mirné symptomy 5
Stfedni symptomy 3
Neni hypotenze 5
Neni chronicka obstrukéni plicni nemoc 4
Jde o solidni nador nebo

b Sk A
neni pfitomna mykoticka infekce
Neni dehydratace 3
Febrilni neutropenie vznikla mimo hospitalizaci 3
Vék do 60 let 2
Nejvy3siteoretické skore je 26. Pokud dosahneme skére 21 a vyssi,
Znamena to, ze pacient ma velkou pravdépodobnost projit febrilni
neutropenii bez vétsich komplikaci.
Pozndmka: Skérovani nelze pouzit u déti mladsich 16 let — zde
je ukazatelem nekomplikovaného priibéhu poc¢et monocytd
>0,1-10%/I, nepfitomnost komorbidity a normalni nélez na RTG
plic.

MASCC - Multinational Association for Supportive Care in Cancer

Tab. 4.6.-5. Antibiotickd monoterapie

Nazev Déavka/den
cefepim i.v. 3x2g
nebo

ceftazidimiv. * 3x2g
nebo

cefoperazon/sulbactam i.v. 3x2g
nebo

piperacilin/tazobactam i.v. 3x45g
nebo

imipenem/cilastatin i.v. * * 3-4x1g
nebo

meropenem i.v, * * 3x1g

* méné vhodny pro monoterapii;
** spise vyjimecné u tézkych stavl

Tab. 4.6.-6. Kombinovana ATB lécba bez glykopeptidu

INICIALNI ANTIBIOTICKA LECBA FN

Protoze se infekce pfi granulocytopenii miize dramaticky
vyvijet béhem hodin az do obrazu sepse, septického $oku
a smrti, je nezbytné okamzZité zahdjeni ac¢inné empirické
antimikrobialni 1é¢by jesté pied definitivnim prikazem
infekce. Volba ATB a rozhodnuti 0 ambulantni nebo hos-
pitaliza¢ni 1é¢bé FN vychdzi z revidovanych doporuceni
IDSA (Infectious Diseases Society of America) z roku 2010
a zavisi na urcéeni stupné rizika vzniku komplikaci u dané-
ho nemocného (viz tab. 4.6.-3. a 4.6.-4.), na pritomnosti
nebo neptitomnosti mozného zdroje infekce a na lokdlni
epidemiologické situaci daného pracovisté.

Empirickd ATB lé¢ba FN musi kryt Siroké spektrum
bakterii (viz tab. 4.6.-2.). Vidy véak musi byt pokryta
nejnebezpednéjsi ¢ast spektra bakterialnich infekci,
tedy G- bakterie (pfedevsim Pseudomonas spp., Klebsiella
spp.). G* infekce nemivaji ve vétsiné pripadt dramaticky
priibéh, coz umoziuje zahdjit u vétsiny pacientt empiric-
kou lé¢bu ATB s i¢inkem na G* bakterie az po 48-72 h od
vzniku FN. AvSak na pracovistich s vysokym vyskytem G*
infekei s fulminantnim prabéhem (Streptococcus viridans,
Staphylococcus aureus, Streptococcus prneumoniae) musi
byt inicidlni empirickd ATB lé¢ba zaméfena i na pokryti
téchto patogeni.

¥ Inicialni empiricka antibioticka lécba nemocnych

s nizkym rizikem vzniku komplikaci - [écba

peroralnimi antibiotiky v ambulantni péci
Indikace: dobfte spolupracujici nemocny, lé¢eny v dosahu
pracovi$té s nepfetrzitym provozem, s moznosti okamzi-
tého nédvratu do nemocnice pfi znamkéch zhorsovéni
klinického stavu po celych 24 h.

Vhodna ATB: kombinace amoxicilinu/klavulanitu
p-0. 3x 625 mg denn¢ a ciprofloxacinu p.o. 2x 500 mg
denné,

H Inicidlni empiricka antibioticka Ié¢ba nemocnych
s vysokym rizikem vzniku komplikaci - 1é¢ba
intravendznimi antibiotiky za hospitalizace

Indikace: vét§ina nemocnych s FN, vcetné nemocnych

s nizkym rizikem, nemajicich moznost okamzitého na-

vratu do nemocnice a/nebo nespolupracujicich.
Inicidlni empirickd ATB lé¢ba i.v. antibiotiky je volbou

jednoho ze tfi schémat.

Antibioticka monoterapie
Indikace: nemocni s nizkym rizikem a/nebo vysokym
rizikem v dobrém klinickém stavu.

ATB1 ATB 2
Nazev Davka/den Nazev Davka/den
Nizké riziko ciprofloxacin i.v. * 2% 400 mg amoxicilin/klavulanat i.v. 3x1,2g
cefepim i.v. 3x2g
nebo
ceftazidim i.v. 3x2g
Vysoké riziko amikacin i.v. 1% 15 mg/kg (max. 1,59) nebo
cefoperazon/sulbactam i.v. 3x2g
nebo
piperacilin/tazobactam i.v. 3x4,5g

* neni doporuceno u nemocnych s profylaxi chinolony
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Tab. 4.6.-7. Indikace pouziti vancomycinu v inicialni |éZbé
febrilni neutropenie

Pracovi$té s vysokym vyskytem infekci vyvolanych viridujicimi
streptokoky

Tézka mukozitida GIT

Podezieni na zavaznou kanylovou infekci

Znama kolonizace MRSA a penicilin a cefalosporin
rezistentnimi kmeny pneumokok

Hypotenze nebo jiné zndamky hemodynamické nestability
pfi septickém stavu bez znamého plivodce
(zvl&sté pii prudkém vzestupu teploty nad 40 °C)

Vhodna ATB: doporudend je monoterapie antipseu-
domonddovym betalaktamovym ATB, karbapenemy nebo
piperacilin/tazobactamcm (tab. 4.6.-5.).

Kombinovana antibioticka lé¢ba bez glykopeptidu
Indikace: nemocni s velmi vysokym rizikem komplikova-
ného pribéhu a/nebo klinicky nestabilni nemocni.
Vyhoda: vyssi a rychlejsi baktericidni aktivita vici
nejvice virulentnim G- bakteriim (Pseudomorias spp.)

3 anizent rizika

diky potenciondlné synergickénu ti
vzniku rezistence v pribéhu léchy.
Vhodné kombinace ATB: tab. 4.6 -

Kombinovana antibioticka ié<ba
glykopeptidovym antibiotikern

s jednim nebo dvéma daisimi antibiotiky
Indikace: tab. 4.6.-7.

Nevyhoda: riziko naristu incidence G* mikroorga-
nismi rezistentnich na glykopeptidy (predeviim VRE)!
Proto pokud je tento postup zvolen a neni-li po 48-72h
identifikovan jako zdroj febrilii patogen citlivy pouze na
glykopeptid, je nutné jeho podévani ukoncit.

Vhodna ATB: vancomycin i.v. 1g 2x denné. Dal{
ATB s cinkem na G* bakterie: teicoplanin i.v. 10 mg/kg
1x denné, tigecyclin i.v. 50 mg 2x denné, telavancin iv.
10 mg/kg 1x denné, daptomycin i.v. 6 mg/kg 1x denné.

POKRACOVANI ANTIMIKROBIALNI LECBY
FEBRILNi NEUTROPENIE PO 72 HODINACH

I Pacient je v pribéhu 72hodinového trvani
empirické lé¢by afebrilni

Piavodce infekce byl identifikovan

Pokud je ziejmy ptivodce infekce, pak je nutné upravit
antimikrobialni 1é¢bu k dosazeni optimalniho dcinku
za soudasného zachovéni sirokospektrého kryti jako
prevence superinfekce, pokud je nemocny nadéle granu-
locytopenicky.

Pivodce infekce nebyl identifikovan

Nepodati-li se zjistit lozisko infekce ani izolovat patogelnni
mikroorganismus, zavisi lécba na rizikovosti nemocn.eho.,
Nemocni zafazeni do vysokého rizika rozvoje komplikaci
pokraéuji v zavedené empirické i.v. ATB lécbe. Pokud je
sou&asti inicidlni empirické lécby vancomycin a nebyl-li
izolovan rezistentni G* patogen, je po 3—4 dnech.d'opo-l
ruéeno ukonéeni jeho podavani. Inicidlné nizce rizikovi

nemocni mohou ptejit na p.o. rezim, ktery mize probihat
ambulantné.

B Pacient je i po 72hodinovém trvani
empirické lécby febrilni

Granulocytopenicky pacient febrilni po 3 dnech ATB
1é¢by musi byt znovu podrobné presetien v ramci moz-
ného fokusu infekce (fyzikalni vysetieni, stav nitrozilnich
katétrii, mikrobiologické a zobrazovaci vysetfeni se zamé-
fenim na orgény podezrelé z infekéniho postizeni). Pokud
nezjistime zdroj infekce, pak bud pokracujeme v lécbé
zavedenymi ATB, nebo ménime celou ATB kombinaci
nebo pfidavame dal3i ATB.

Pokracovani v 1é¢bé zavedenymi antibiotiky
Zavedend ATB neménime u granulocytopenického ne-
mocného s pietrvévajicimi febriliemi v klinicky stabilnim
stavu, a to zejména pokud ocekdvame konec granulocyto-
penie béhem 5 nasledujicich dnt. Je-li souéasti inicidlni
empirické 1é¢by glykopeptid, je indikovdno ukonéeni
jeho podavéni.

Zména celé antibiotické kombinace nebo

pfidani dalsiho antibiotika

Indikace a volba antimikrobidlni kombinace druhé fady

zavisi na potencialnim/prokézaném lozisku infekce a na

slozeni inicidlni 1é¢by.

1. Zhorsovani celkového klinického stavu
(hypotenze, tachykardie, rozvoj septického $oku)
bez klinického/mikrobiologického prikazu infekce
a) inicialni 1é¢ba je kombinace ciprofloxacinu s amoxi-

cilinem/klavulandtem, pak zména za kombinaci pro-
tipseudomonadového cefalosporinu nebo penicilinu
s aminoglykosidem se sou¢asnym nebo ndslednym
pfiddnim glykopeptidu pfi splnéni kritérii (viz tab.
4.6.-7.) za dalSich 48-72 h;

b) inicidlni lé¢ba je monoterapie, pak priddni aminogly-
kosidu se sou¢asnym nebo néslednym piidanim gly-
kopeptidu pti splnéni kritérii za dalsich 48-72 h;

¢) inicidlni 1é¢ba je dvojkombinace ATB bez glyko-
peptidu, pak je indikovano jeho pfidéni pfi splnéni
kritérif pro pouziti. Naopak, jestlize inicidlni lécba
je kombinaci ATB s glykopeptidem a nejsou splnéna
kritéria pro jeho pouziti, je indikovédno ukonceni
jeho podavani, a ostatni kombinaci ATB poddvidme
dal.

2. Progrese do klinicky jednoznacné infekce bez izolace
piivodce (plicni infiltrity, zndmky katétrové infekce,
bolesti bricha)

Pokud zavedena ATB nepokryvaji nejcastéjsi ptivodce

infekce v postizené lokalizaci nebo jejich prinik do

postizeného orgdnu je nedostatecny, je indikovina
zména nebo rozsiteni ATB kombinace pfi zachovani
sirokospektrého kryti.

3. Rozvoj komplikaci (mukozitida, zména ve vysledcich
p¥i monitoraci mikrobiologické fléry, toxicita lécby,
organové postiZeni)

Je indikovdna zména nebo rozsifeni ATB kombinace

s cilem maximélné pokryt mozny zdroj infekce, mi-

nimalizovat nezadouci u¢inky p#i zachovéni Sirokého

spektra (napt. pfi nefrotoxicité aminoglykosidt nebo
rendlnim selhani z jinych davodu je nutnd zména
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Tab. 4.6.-8. Systémova antimykotika a jejich dadvkovani v empirické lé¢bé febrilni neutropenie

Nazev

Dévka/den

amfotericin B deoxycholat i.v. *

0,5-1 mg/kg/den

Liposomalni formy amfotericinu B:

amfotericin B koloidni disperse i.v. 4 mg/kg/den
amfotericin B lipidovy komplex i.v. 5 mg/kg/den
liposomélini amfotericin B i.v. * 3 mg/kg/den
Azoly:

fluconazol iv/ p.o. ** 400 mg

itraconazol i.v./ p.o.

prvni 2 dny 2x 200 mg/den, nasledujici dny 1x 200 mg/den

voriconazol i.v./p.o.

prvni den 2x 6 mg/kg i.v. (2x 400 mg p.o.),
nasledujici dny 2x 4 mg/kg i.v. (2x 200 mg p.o.)

Echinokandiny:

micafungin i.v.

100 mg/den

caspofungin i.v.

prvni den 70 mg/den nasledujici dny 50 mg/den

*#V sou¢asné dobg neni v CR k dispozici, pouze na mimotadny dovoz

** Ptijateln4 alternativa pouze v zafizenich, v nichz je vzacna izolace Aspergillus spp. a Candida spp. rezistentnich na azolova antimykotika.
Pro lé¢bu fluconazolem viak nejsou vhodni nemocni, ktefi maji znamky sinusitidy, plicni infekce, anebo méli fluconazol v profylaxi. Z téchto

daGvod je jeho moznost pouziti malo ¢asta.

kombinace betalaktamového ATB s aminoglykosidem
za karbapenem).

4. Dodlo k izolaci piivodce infekce
Je nutné upravit antimikrobidlni lé¢bu na zédkladé cit-
livosti patogenu, tak aby bylo dosaZeno optimélniho
t¢inku pii zachovani irokospektrého kryti.

I Pacient je i po dalSich 72 h (5-7 dni)

trvani empirické lécby febrilni - empiricka

antimykoticka lé¢ba
DileZité: nemocni s horeckou pretrvavajici i po tydnu
ATB lécby maji nejméné v jedné tietiné pifpadi systémo-
vou mykotickou infekci, dominantné zptisobenou Candida
spp. nebo Aspergillus spp., a je proto u nich indikovina
empiricka antimykoticka léc¢ba.

Nemocni, ktetf nemaji Zddnd zjistitelna mykoticka
loziska, nejsou kolonizovani kvasinkami ani vldknitymi
houbami, nemaji rizikové faktory mykotické infekce
a je u nich ofekdvdn brzky vzestup granulocyti béhem
nékolika malo dni, nejsou nutné indikovani k zahdjeni
antimykotické 1é¢by. Vhodna antimykotika jsou uvedena
v tab. 4.6.-8.

UKONCENT ANTIMIKROBIALNI LECBY
FEBRILNI NEUTROPENIE

B Ukonceni antibiotické a antimykotické lécby

u afebrilnich nemocnych
U granulocytopenickych nemocnych s prokazanou bak-
teridlni infekci by ATB lécba méla byt podévina az do
klinického, mikrobiologického i radiologického tistupu
infekce. Vétsina slizni¢nich infekef méize byt 1ééena i méné
nez 1 tyden, pro vétsinu bakteriémii je dostacujici lécba
trvajici 1-2 tydny, zatimco plicni infekce obvykle vyzaduji
delsi 1é¢bu.

U nemocnych s empirickou ATB 1é¢bou, u nich? se
ani dodatecné nezjisti klinicky nebo mikrobiologicky

pfi rozhodovani o délce ATB 1é¢by pocet granulocytt

v periferni krvi a klinicky stav. Lé¢bu je mozno ukoncit
u nemocnych s hodnotou granulocytit > 0,5 10%/1, kteii
jsou alespon 48h afebrilni. U nemocnych s hodnotou
granulocyti < 0,5-10%/1, pivodné nizce rizikovych a ve
stabilizovaném stavu, je moZno ukon¢it 1é¢bu, pokud
jsou afebrilni déle nez 5-7 dni. Nemocni piivodné vy-
soce rizikovi a/nebo s hodnotou granulocytii <0,1-10%/1
a/nebo nestabilni a/nebo s mukozitidou, je doporuce-
no pokracovat v ATB 1é¢bé do vzestupu granulocytil
> 0,5 10%/]; jde-li vak o dlouhodobou granulocytopenii,
pak ukonéit 1é¢bu po 14 dnech.

U granulocytopenickych nemocnych s prokazanou
systémovou mykotickou infekci je délka antimykotické
lécby zavisla na pivodci a na rozsahu onemocnéni. U afeb-
rilnich granulocytopenickych nemocnych s empirickou
antimykotickou lé¢bou, u nichz se ani dodate¢né nezjisti
Idinicky nebo mikrobiologicky prokdzand systémovd my-
kotickd infekce, by véak minimalni délka podavdni mé&la
byt priblizné 14 dni.

& Ukonceni antibiotické a antimykotické Iééby
u nemocnych s pretrvavajici horeckou

Febrilni nemocni i po nékolika dnech 1é¢by sirokospek-
trymi ATB a systémovymi antimykotiky musi byt znovu
celkové vySetfeni se zaméfenim predeviim na hluboké
mykotické, virové a mykobakteridlni infekce. CT biicha
a hrudniku jsou zdsadnimi metodami pro hledan{ my-
kotickych lozisek. Plati to jak pro febrilni nemocné stéle
granulocytopenické, tak zejména pro nemocné, ukterych
granulocytopenie jiz odeznéla. Mykoticka loZiska se ¢asto
zvétd] nebo zviditelni aZ po vzestupu poctu granulocyti.

DALSi ZPUSOBY LECBY FEBRILNi NEUTROPENIE

I Transfuze granulocytd

Podévani transfuzi granulocyti nemocnym s FN nevede
ke snizeni mortality a navic je zatiZeno vysokym rizikem
komplikaci. Z téchto diivodii dnes neni doporuéeno pro
rutinni lécbu FN. Néktefi autofi je doporucujf jen u tézké
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granulocytopenie s prokdzanou bakteridlni nebo mykotic-
kou infekei nereagujici na antimikrobialni 1é¢bu.

E Leukocytarni ristové faktory

Podavani faktoru stimulujiciho kolonie granulocytt
(G-CSF) soucasné s dalsi lécbou FN signifikantné zkrati
trvani granulocytopenie, ale trvani horecky, podavani
protiinfekénich léki, morbiditu a pfedevéim mortalitu
nesnizi.

Jeho podéni je tedy vhodné pouze ve velmi zavaz-
nych piipadech se zietelnou tézkou infekci (pneu-
monie, sinusitida, invazivni mykotické onemocnéni,
sepse s multiorgdnovym selhédnim), kdy nelze oc¢ekavat
brzké obnoveni krvetvorby. Lécba G-CSF miiZe byt
zvézena u pacient dlouhodobg granulocytopenickych,
s dokumentovanou infekci nereagujici dobfe na anti-
mikrobialni lé¢bu.

Lécba grampozitivni infekce
rezistentni na vancomycin
Pro 1é¢bu vancomycin-rezistentnich G* mikroorganism
jsou k dispozici dva preparaty.

Vhodna ATB: linezolid 600 mg 2x denné p.o. i i.v.,
daptomycin 6 mg/kg 1x denné i.v.

SEPSE A SEPTICKY 50K
& Definice

Sepse
Systémové odpovéd na infekci. Odpovéd na infekci se
manifestuje dvéma nebo vice nasledujicimi projevy:
e teplota > 38 °C nebo < 36 °G;
o tepova frekvence > 90 tepti/min;
e dechovd frekvence > 20 dechii/min
nebo PaCO, < 4,3 kPa (32 torr);
e pocet leukocytt > 12 -10°/1
nebo > 10 % nezralych forem (ty¢i).

Tézka sepse - severe sepsis

Sepse spojend s orgdnovou dysfunkei, hypoperfuzi nebo
hypotenzi. Hypoperfuze a abnormality perfuze mohou
zahrnovat laktdtovou acidézu, oligurii a/nebo akutni
alteraci mentéalniho stavu.

Septicky Sok

Sepse s hypotenzi pfes adekvatni tekutinovou resuscitaci

souéasné se zndmkami poruchy tkdfiové perfuze. Nemocni

na vazopresorické nebo inotropni podpofe nemusi mit

hypotenzi v dobé stanoveni abnormalit tkdilové perfuze.

Jedna se tedy o klinické zndmbky (ptitomnost alesponi dvou

ptiznaki - viz vy$e: projevy sepse) a zdroven piitomnost

alespon jednoho z ndsledujicich priznaki:

e alterace védomi;

e znamky periferni vazodilatace;

e hypotenze (systolicky TK < 90 mm Hg nebo stfedni
arteridlni tlak < 65 mm Hg);

e saturace Hb kyslikem (SpO, nebo Sa0,) <90 % bez

ohledu na oxygenoterapii;

oligurie (diuréza < 0,5 ml/kg/h) po dobu minimalné 2 h;

vzestup kreatininu v séru > 176,8 umol/l;

hyperbilirubinémie > 34,2 mmol/L;

trombocytopenie < 100 - 10°/1;

® @ o @

e vzestup laktdtu v séru > 2 mmol/l;
e zvysend hladina prokalcitoninu, CRP.

Syndrom multiorganové dysfunkce
Syndrom multiorganové dysfunkce (MODS) predstavuje
paralelni ¢i postupné selhani dvou a vice organi takového
stupné, ze udrzeni homeostazy organismu neni mozné bez
intervence, je ¢astou komplikaci sepse.

@ Lécba sepse a septického Soku

Inicialni resuscitace obé&hu
Diulezité: inicidlni resuscitace obéhu musi byt u tézké
sepse/septického $oku zahdjena neprodlené!
Cilem je dosaZeni definovanych hodnot vybranych
parametrd v pribéhu 6 h od zahdjeni resuscitace.
Hemodynamické cile inicidlni resuscitace jsou uve-
deny v tab. 4.6.-9.

Tab. 4.6.-9. Hemodynamické cile inicialni resuscitace v pra-
béhu prvnich 6 h od diagnostiky sepse

Centralni zilni tlak (CVP) > 8-12mm Hg

Stfedni arterialni tlak (MAP) > 65 mm Hg
Diuréza > 0,5 ml/kg/h

Saturace smisené zilni krve (SvQ,) nebo krve z centralni zily
(Svc0,) = 70%

Neni-li moZno dosahnout SvO, > 70 % pii dosazeni cilovych
hodnot CVP, je indikovana substituce erytrocytd s cilovym Htk
>30% a/nebo podavani dobutaminu v davce az 20 pg/kg/min

0 Lécba tekutinami

K resuscitaci tekutinami mohou byt pouzity krystaloidy
nebo koloidy. U pacientd s podezfenim na hypovolémii
by méla byt testovdna odpovéd na podani tekutin: po-
dani 500-1000 ml krystaloidd nebo 300-500 ml koloidi
v pritbéhu 30 min. Test miize byt opakovan v zévislosti
na klinické odpovédi (krevni tlak, diuréza) a ptitomnosti
znamek tolerance tekutin (klinické zndmky objemového
pietizeni). V prvnich 24h miZe byt tekutinova bilance
vyrazné pozitivni (v diisledku vazodilatace a tniku tekutin
extravaskularné).

QO Vazopresory
Jsou indikovany vidy, kdyZ neni mozné dosédhnout cili
terapie podanim tekutin. DiileZité: podani vazopresort
je nékdy nutné i pted poddnim tekutin u stavii hypotenze
ohrozujici zivot.

Inicialni farmaka volby pfi hypotenzi jsou noradrena-
lin nebo dopamin, kdy noradrenalin je efektivnéjsi a ma
méné nezaddoucich tdinka.

Nizké davky dopaminu s cilem prevence rendlni dys-
funkce by se nemély pouzivat.

Vazopresin je moZzno zvazit u nemocnych s refrakterni
hypotenzi nereagujici na poddni tekutin a katecholaminti.
V pfipadé jeho pouziti by se mél poddvat formou infuze
rychlosti 0,01-0,04 jednotek/min.

Q Inotropika
U pacientt se zndmkami nizkého srde¢niho vydeje i ptes
poddvani tekutin lze pouzit dobutamin. Pfi soucasné
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hypotenzi by se mél pouzivat v kombinaci s vazopresory
(tab. 4.6.-9.).

Antibioticka lé¢ba

Diilezité: vzorky pro mikrobiologické vysetieni by mély
byt odebrany vzdy pied zahdjenim antimikrobidlni te-
rapie.

Pti odbéru HMK se doporucuje odebrdni minimalné
dvou vzorkd, optimélné odbér z pfimého zilntho vpichu
a soucasné ze viech linek zavedenych cévnich katétra
>48 h. Zachyt pozitivnich HMK ma kolem 30-50 % pa-
cientl s tézkou sepsi a septickym Sokem.

Soucasné je nutné provést odbér vzorki z ostatnich
pravdépodobnych zdrojii infekce (dychaci cesty, mog,
drény, likvor, opera¢ni rany apod.). Zobrazovaci metody
USG, RTG, CT) se doporucuji ke stanoveni odstranitel-
nych zdrojti infekee (abscesy, peritonitida apod.).

DileZité: lécba ATB by méla byt zahajena neprodlené
po diagnostice tézké sepse/septického Soku.

Inicidlni volba ATB by méla pokryvat viechny pfedpo-
klidané patogeny se zohlednénim lokélni epidemiologickeé
situace a se schopnosti praniku zvoleného ATB do mista
pfedpokladaného zdroje infekce.

Lécba ATB by méla byt pfehodnocena po 48-72h na
zékladé vysledkd mikrobiologického vySetfeni. Délka
ATB lécby by méla vychézet z pribéhu klinického stavu,
zpravidla trvd 7-10 dnd. Ponechani ATB del$i dobu je
doporuéeno pouze v pfipadech pomalé odpovédi na
1é¢bu, nedrénovaného loziska infekce, nebo u pacientti
s imunitnim deficitem. Rutinni pouzit{ kombinované
terapie se nedoporuéuje.

Kombinace ATB by méla byt zviZena u granulocyto-
penickych nemocnych a u infekci kmeny Pseudomonas

spp.

Kontrola zdroje infekce

Nalezeni a fedent zdroje infekce (chirurgickd revize, drendz
abscesu) se ma provést neprodlené po asné resuscitaci
obéhu.

Volba zptisobu kontroly zdroje infekce by méla vzdy
vychézet z posouzen{ poméru rizika a pfinosu zvazované
cidlem zhorSeni pacientova stavu, tedy radéji perkutdnni
nez chirurgickd drendz abscesu.

Jestlize je moZnym zdrojem tézké sepse nitrozilni
vstup, mél by byt odstranén co nejdfive po zajisténi jiného
vstupu.

Steroidy
U pacient( s pfetrvavajicim septickym $okem a sou¢asnou
nutnosti podavani vazopresort se doporuéuje podani
hydrocortisonu 200-300 mg/den, rozdéleného do 3 a%
4 davek po dobu 7 dni.

Néktefi experti doporuéuji soucasné podavat fludro-
cortison 50 pg 4krit denné p.o.

Rekombinantni lidsky aktivovany protein C (rhAPC)
Podéni rhAPC se doporu¢uje u nemocnych s tézkou sepsi
avysokym rizikem smrti bez rizika krvaceni (APACHE 11
skére > 25 nebo selhdvéni dvou a vice organt).

Tab. 4.6.-10. Postup ventilacni strategie u nemocnych
v sepsi a septickém Soku

Nastaveni rezimu PRVC (pressure regulated volume control,
tlakem regulovany objemové kontrolovany)

Snizeni dechového objemu na hodnotu 6 mi/kg idedini télesné
hmotnosti

Udrzovani hornf hranice inspira¢niho tlaku v pasmu < 30 cm H.O
Snaha o udrzeni Sa0, (Sp0,) > 90 %

Doporuceno uziti end-exspira¢niho pfetlaku (PEEP) k prevenci
kalapsu plicnich alveold na konci vydechu

Transfuzni pfipravky a krevni derivaty

Po dosazeni kontroly tkdnové hypoperfuze se erytrocy-
tarni transfuze doporucuje pouze pti poklesu Hb < 70 g/1
s cilem dosazen{ hodnot 70-90 g/l (detaily viz kap. 4.3.).
Transfuze krevnich desti¢ek u nemocnych v sepsi se do-
porucuje pri hodnoté < 10-10%1 i pfi absenci klinickych
znamek krvaceni, pii hodnoté 10-30 - 10°/1 u nemocnych
s rizikem krvaceni nebo pfi hodnoté < 50 10%/1 pted in-
vazivnim zédkrokem (detaily viz kap. 4.3.).

Rutinni podavéani plazmy s cilem korekee laboratornich
abnormalit pfi absenci klinickych zndmek krvaceni se
nedoporuéuje.

Preventivni poddvani antitrombinu v 16¢bé tézké sepse
a septického $oku se nedoporucuje, substituce p¥i nizkych
hodnotéch je vhodna.

Uméla plicni ventilace u akutniho plicniho
poskozeni (ALI/ARDS) v sepsi

Postup ventilaéni strategie u sepse/septického Soku je
uveden v tab. 4.6.-10.

Kontrola glykémie
Po uvodni stabilizaci pacienti s tézkou sepsi by se méla
glykémie udrzovat v pdsmu do 8,3 mmol/l.

Nahrada renalnich funkei

Kontinudlni eliminaéni techniky se povaZzuji za ekvivalent-
ni s intermitentnimi technikami u kriticky nemocnych,
pii¢emz v8ak kontinudlni mohou byt u hemodynamicky
nestabilnich pacientfi vyhodn&jsi.

Podavani bikarbondatu
Podédvani bikarbonitu se nedoporucuje v terapii laktatové
acidozy s pH = 7,15.

Profylaxe hluboké Zilni tromboézy

Profylaxe hluboké Zilni trombézy heparinem (nefrakcio-
novanym nebo nizkomolekuldrnim) by se méla u ne-
mocnych v sepsi pouzit. U nemocnych s kontraindikaci
k heparinu se doporucuje pouzivat mechanické zptisoby
prevence hluboké Ziln{ trombdzy.

Profylaxe stresovych ulceraci

Profylaxe stresovych ulceraci by méla byt poddna viem
nemocnym v sepsi. Je doporuéeno uZiti H,-blokatort nebo
blokator protonové pumpy.
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1.4.6. Annex 6

Racil Z., Kocmanova 1., Wagnerova B., Kien L., Kfikavova L., Mayer J. Invazivni mykotické
infekce u onkologickych nemocnych: zmény v epidemiologii a diagnostice. Postgradualni

medicina: odborny casopis pro lékare. 2007;9(3):240-252. ISSN 1212-4184.

(Listed "in extenso" in a separate book: Appendices "In Extenso" to Habilitation Thesis)
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1.4.7. Annex 7

Racil Z., Weinbergerova B., Kocmanova 1., Mayer J. Mykotické infekce. In: Adam Z., ed.
Obecna onkologie. 1. vyd. Praha: Galén, 2011, s. 359-362. ISBN 978-80-726-2715-8.
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Létha infekei o nemocnych s mallgnimi chorobami

359

Batinni poufivani lenkocytdrnich ristovych fak-
tortt nenl indikevine v nekomplikovand febrilni
neatropenie. fejich podivani je moino povatovat
ra vhodné pouze ve velmi zivainych pripadech se
sretelnou gévadnou infekel {pnesmonie, hypotenze,
zivazna celulitida nebo sinusitida & systémovd my-
kotickd infekee s multiorginovym selbanim a sep-
si), kdy nelze oleldvat breké obnoveni neutrofilni
krvetvorby. Lécha leukocytdrnimi ristovymi fakio-
Ty mitde byt 2videnau pacientd diouhodobé neutro-
penickych, s dokumentovanon infekel. kierd neod-
povidi dobie na antimilorobialng lédbu,

Lécha grampozitivni infekce rezistentni
na vankomycin
Pro léebu infekcl wyvolanych vankomycin-rezis-
entndmi grampozitiviidmi mikroorganisoy se v ne-
dévng dobi objevily dva nové pripravky, linezolid
asynercid. Oba jsou dnes indikoviny viluéné v pii-
padech prokdzané resistence irolovanych gramposi-
tienich bakteril na vankomyein.

+ Linczolid je faren mee novou skupinu antibio-
tik — oxazolidindiony - a nejevi ehfiZenou re-
zistenci s nstatnimi antibiotiky, biologicka do-
stupnost po perordlnim poddnd je teméer 100 %,
Dhivkovini: intravendsné, ale 1 perordng v div-
kich a00mg kaddych 12 hodin.

* Quinopristin/dalfopristin je smi dvou rizntch
antibiotik. Didvkovani: 7.5 mg'kg intravendené
kagdych 8 hodin,

28.3.12. Antimikrobidini profylaxe
u neutropenickych nemocnjch

Vyskyt febrilnich epizod pii newtropenii mife byt
snizen proflaktickym podivinim antibiotik v das-
né afebrilni fizi neutropenic, PHinos antimikrobiil-
ni profylaxe je viak tasto anulovin toxdeiton lédby,
prerdstanim mykoticke infekce a vinikem rezistent-
ni bakterialni a mykotické fliry.

YVihledem k vi3e sminénému plati, Ze s vyjim-
kou profylaxe Preumocystis jiroveci [carinii) neni
antimikrobidglni profylaxe u nectropenickych ne-
maocnych vieobecnd doporndovina,

Profylaxe infekee Pneumocystis jirovec

(carinif)

Je indikovina wviech nemocnych se wvydenym riz-

kem této Infekee {CD4 < 200 - 10%), & to hez ohledu

na skukednost, 2da je pHtomng neutropénie.
YVhodnd antibictika:  trimethoprim-sulfame-

thoxazol p.o. 1 480 mg denné nebo 3x 960mg

tidné.

Profylaxe mykotickych infekci

Indikavina je u nemocnych s vysokym rizikem roz-

voje mykotickyeh infekel (alogenni transplantace

krvetvornych bunélk, indukéni a reindukéni lécha

akutni myeloidni leukémie, 1éiba spojend s neu-

tropenii trvajici déle ned 7 dnd, 122k mukozitida),

Rutinnd poddvini antimykoticke profylaxe u viech

peutropeniciich pacieni v podobé arolovych anti-

mykotik nend doporudavana),
Vhednd antimykotika:

= posakonazel p.o. 3= 200 mg denné (unepvyiiitho
rizika - AMLMDS indukee/reindukce, alogenni
transplantace s reaked tépu proti hostiteliy;

+ worikonazol poo. 2x 200mg denné (v alogenni
transplantuce);

+ flukonazol p.o. 2x 200 mg dennd;

= itrakonazol po. 2x 200mg denné (nebo per-
ordlni soluce 2x 100-200 mg denné] {nutng mo-
nitoring hladin leku, riziko lékovych interaked),

Profylaxe bakteridlnich infekci

Nejéastéji se k profylaxi bakrerialnich infekei pouki-
waji perorAlni chinelony a co-trimoxnzol. Chinalo-
Ty jsou v prevenct (einndjE ned co-trimoxazol, ale
jejich nevyhadou je nedostatelny G2inek proti G+
fldfe a narfist viskytu rezistentoich G- mikroorga-
nismd v pribéhn lécky:

Butinni profylaee chinolony u nemocnych s new-
tropenii nend indikovina. Pokud je v individuilnich
phpadech pfece jen pouzita {(chemoterapie vedouc
k divuhodobé neutropenii a téké mukozitidé), pak
v kombinaci s penicillinem V nebo co-trimoxazo-
lem {pokryti G+ flory) o méla by byt padivina co
nejkratii dobu a u co nejmendiho podtu vwbranych
rizikovych nemocmych.

Vhodnd antibiotika: ciprofloxacin p.o. 22 500
mg denné,

28.4. Mykotické infekce

Mykotické infekee piedstavujl skupinu infekénich
lemplikact, ktere jsou v onkologickych nemocnych
spojeny s velmi mvainou progndaow

Hlavnimi rizikovimi faktory pro venik k-
thekofch infeked json hematologickd malignita, trans-
plantace krvetverne thiné (hlavné alogennil, reakee
tépu proti hostiteli, neutropenie trvajici déle nek
10 dni & kortikoterapie,

Podle stupné invazivity maieme mykoticke in-
fekce rozdélit na povechové {postihujici télesné po-
vrchy —napf. orofaryngedInf kandiddeza) a invazivni
{invadujici do thand).
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360 Obecnd onkologie
Tab. 28.14, Nejéastefi vyvolavatels mykotickyeh infiekci b onketogickych nemocngich a formy cnemocnéni, kieré
zpdisobuiji
| Neinwazivni infekce | Invazivei infekea
Kyasinky
Crndicla alicans orafaryngedini kandiddza, kandidémie, kandidova meningitida,
. kandidewh ezafagitida, kandidovia endoftaimitida, chronicka
Candido nan-afhicans i s }
i frisal, € silosis, . glabrana: kandidova infekee modowjch ces hepatosplenicks kandidoza, ostaini
. fropicalis a dald)
Cryptacocous spp. - postidani CNE, méné Lasto plic
Plisnd
Aspergillus spp. aspergliom irvvazivnl aspergildza plic, invazival
postideni paranazilnich dutin,
diseminovand aspengibovi infekce
[posti@eni plic, jater, dezivy, CHS
event. dalfich organ)
Dygomycetes (Mucor spp., - postiteni paranazalnich dutin, CHS,
Bhizomucar spp., Rinropus sp.) diseminace
Fisarium spp. - postiten| paranazalnich dutin, CHS,
diseminace

Eticlogie: mykoticke infekee mohou byt zpi-
sobeny jednak vidknitymi houbami a jedoak kva-
sinlami. Mejéastéis pivodei mykotickych infekcl
u onkologickych nemocngch a formy onemocnéni,
kieré zpisobuji. jsou uvedeny v Lab, 28.14.

W poslednim desctileti doflo z cele fady pricin
(napt. profylase lukonazolem, 2miéna v transplan-
txénich postupech) ke zméné v epidemiclogii imva-
zivnich mykotickych infekei. Incidence invazivnich
kandidowych infekci se snifila a vélding = nich je
#pfisobena lomeny rezistentnimi vadi flukonazolw,
Waopak dodle k ndrdstu incidence infekel vyvola-
nymi vidknitymi plisndmi, piedeviim invazivaich
azpergilovich infekck, které dnes tvofi véting z in-

vazivnich mykotickych infelzel u pacientd s hemato-
logickou malignitow. Stile Castéil o pak take in-
fekce vyvalané vebonymi plisndmi (Fusarium spp.,
Mucor spp.).

Diagnostika: stanoveni  diagnday  povichove
kandidové infebce se opird zejména o klinicke vy-
Setteni, event, v lombinaci s fibroshopickym vylet-
fentrn (u kandidové exofagitidy). O etiologil nds pak
informuje kaltivaéni vyketfeni ze stérl. Disgnie
aspergilomu stanovime at histologickym a kultivac-
nim vyietfenim materidlu ziskaného resclci pri chi-
rurgickém vykonu {event. tenkojehlovou biopsii),
které je providéno na zikladé zidténi lodiskoveho
procesu na TG hrudnika a CT plic.

Tak. 28,15, Kritéria pravelépodobnosti imvazivnd mykoticks infekce

Pravdépodobnost | Kritéria

| Reutinpenia)

Infekee
Jigtié dizgrdza histosogicky a/neba kultivadni prikaz myhkotickych patogend ve sterlinim materidlu (napd.
Invazivd mykozy | biopsie, mozkomEn! mok)
Pravdépadobng kulthaeni nebe eytologicky prikar myketickpch patogeni v materidlu z nesteriinich mist
disgnize imvazivni | (BAL, sputum) a nebo pozitivits nekultivaénich metod pro prikaz myksz (gakaktomannan,
iy kdzy 1.3-5-D glukan)
A SOUCASNE
adpowidajici nilez na zobrazovacich metadach (napd CT plic, CT paranazilnich dutin, CT mozhu]
ASNEBOD
kEinicky obraz charakberisticky pro invazivinl mykdzu (napl. febrilie a pfiznaky 2 postizeni
plicnihe parenchymu) u pacienta s raikewymi fakeary pro imazivnl mykazu (napf. diouhodabd
neutropeniel
Moknd diagndza hultivatni nebo cytalogicky prikaz mykotickych patagend v materil = nesterinich misk
invazivni mykdzy | (BAL sputum) nebo poritivite nelultivaénich metod pro prikaz mykdz
NEBO
nilez na zobrazovacich metodach fnapf, CT plic, CT PND, T mozkul, ktety miZe odpavidat
inazived mykdae
AMERD

inicky nbraz chasaktarsticky pro Invazivnd mykoos [napd. febrilie a pliznaky 2 postideni
plicnihe parenchymu) u pacienta s rizikovymi faktory pro invazivni mykéeu [napf. dicuhodobd
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Tab. 28.16. Antimyxotika. a Jejich ainnast In vitre

Amfotericln | Flukonazol | trakonazol | Viorikonazol | Posskonazol | Echinckandiny | 5-flucytosin
Banjeho lkaspofungin,
liposomalni milkafungin,
Farmy anldulafungin)
Candfda + + + + + * *
albicars
Candida + = +i= + = + +
globrnte,
. kruisal
Asperglifis - - + + *+ + o
HPR
Iygoanycetes |+ = - 5 * = =
Mrcor spa.
Rhirapus spa)
Fusariuvm spp. |+ = = +- +f= = -
Crypiococcus |+ I} + + +- = +
PR

Diagniea  invazivnich mykotickych infekci je
Easto velice komplikovand a stanovi se na zdkladé
lombinace klinického vwietfeni, robrazovacich me-
tod, mikrobinlogického vydetren| (kultivadnd i ne-
kultivaénl metody) a/nebo histolagického vybatiend
n nemaocného s rzikovimi Bkiory.

Invaeivni mykotickou infekel pak miikeme ozna-
cit jako fistouw, pravdépodobnou nebo modnou, K-
tria shrouje tab, 28.15.

Terapie: tal, 28.16. 0 28,17, uvideji antimykotika
poudivand v 1&8bd mykotickych infekci u onkologie-
kych nemeenych a jejich spekira adinnost,

28.5. Pneumonie zplisobend

Pneumocystis jiroveci
{carinii)

Praumotystis firoveed je cularyolicky mikroorga-
nismus, klery byl ai v posledni dobé, po prostu-
dovani jeho genomu, @fazen med houby, ¥V roce
1999 byly lidské kmeny Prcuriogystis carfnil pre-
jmenoviny ne pocest Seského paraeitologa prof. Ji-
rovee nia Prewmecystis jiroveed, Je extracelularnim
paragitem, jehod vivajovy cyklus zahrnuje stadium
troficke a cysticke, PR infekci jevi viznamnou vaz-
bu na alveolirni epitelie, ptidems vypliuje alveoly,
anik by dodlo k bouilivé zinétlivé reakoi. Prenns
se ditje vzduinou ceston, je viak moiné, fe u do-
spélych jedined jde o reaktivac endogenni infek-
o, £ nif se vEding zdravych jedincd bex poruchy
imumity setkd jiE v détském viko, Priméarni infekce
probéhne bud asympiomaricky, nebo pod obrazem
lehké vespiméni infekee, takie do 1 let véku ji2 ma

velkd vétina det protilicky proti tomuto mikroor-
ganisimu,

Ide o trpickou oportunni infelet. Hlavnimi rizi-
kovymi faktory jsou alogenni transplantace krve-
tvorné thand, reakce $tépu protl hostiteli (GvHD),
kortlkoterapie a lymfopenie 5 inverznim pomérem
lymfocyti CDM+/CTB4, Zavedeni profylaxe trime-
thoprimem-sulfamethoxazolem  wigilo  incidendc
pricumecystovd preumaenie u nemocnych po trans-
plantaci krvetvornd thiné & pfibling 10 % na sou-
dasnon hodnoty 0,3-0,5%. Mortalit viak adstied
stdle velmi vysokd - ptblizng 30%.

Klinicky obraz dvé tfeting nemocnych mafi
fulminanimi zaddtek choroby & vysokou horedkou
a rychlym rozvojem dusnosti, tachyproe a téikeé hy-
paxémie, ostatni majl subakutni 2adatek s nlzkimi
teplotami, neproduktiviim kadlem @ pomalejiim
rozvoiem dudnosti po dobu i nékolika dnl. Nejias-
wjEimi klinickymi priznaky jsou dudnost (90%)
a teplota (85 %)

Disgnostika sc opird o kombinaci vide popsand-
ho klinsckého obrazu, nalezn atypické pneumonie
pfi klinickém vyietheni 0 obrazn na RTG snimku
hrudniku a nebo CT. PH provedend téchio zobrazo-
vacich metod se nejéastéfi setkdme s intersticidlnimi
plicnimi infilraty.

Definitived patvrzen! etiologle viek umodfiuje
pouze mikrobiologicke vySetfeni binlogického ma-
teridlu - imunofluorescence a PCR, kieré ma vyssi
senzitivitu, NejpiinosnéiSim materidlem |¢ telutina
ziskani bromchoalveoldrnd bva2l, Spetm a indulko-
wané sputum {sputum po inhalach mukoelytika neto
resetirlen WaCl) je ménd pHnosnd,

Profylaxe pneomocystovd infekee: vhodnfmi
chemoterapentiky jsou  trimethoprim-sulfame-
thoxazol p.o. 480 mg 1x denné ncbo 960 mg 3x
tydné,
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Tab. 2B.17. Informace o léché nejtastéjiich farem mykotickych infakel u onkologlckych nemocnych

Typ infekee IL&L':dllrf LLéle 1. volby |mﬂupudiuinj Ian&mky
Kandidowé infakea
Orofaryngedlnd | Nukonazal thl nebo solece | itrakonazol soluce pao. =14 dini po
kandiddza p.c. 100-200 mgfden 200 mosden Klinickém zlepdenl
Kandidowd fiukonazol thl nebo soluce | amfatericin 81w, 14-21 dni po
ezafagitida puinebo by 100-200 mgd | 0,3-0,7 mogikg/den, klinickem zlepseni
den, irakonapod soluce kaspodungin L.y 50 mgrden,
0. 200 mg/den varikenazal pofiv.
4 mgkg 2x D
Kardsdémie amfotericin B W 06-10 | varikonazol Lv. pak p.o. 74 dni pa odstranit viechmy
bez modkg/den, flukonazol | 4 megikg 2D poshedind pesithinl | Zilad katdtry
neutropenie I, 4D0=B00 mg/der, henmoku uie
kaspofungin 50 mo/den, a ukonleni
mikafungin 104 mgiden, klinickych piiznaki
anldiulafurigin 100 mig/den
Kandidémia amfotericin B kv Mukonazol 400-800 mofden | 14 dnd po adstrandni Hinich
snecutropenii | 0.7-1,0 mgikgiden, posednl pozitivnl | katérd nend
kaspofungin 50 mg/den, hermokultife, Imperativem
mikafungin 100 mg/den, whpndeni klin {zdrojemn £asto
ansdulafungin 100 mg/ piiznakia ukondeni | GIT)
den neutropenie
Kendidémiz amfotericin B Ly, vorikonazol iy, pak pa wi kandidémie
Zpiksober 0.7-1.0madkgliden, Amglkg 2x D u pacientd
C. plabmta kaspofungin 50 mg/den, 5 neutropend nebo
& L. krusei mikafungin 100 mg/den, baz newtropenis
anddulafungin 100 mo'den
Aspergilove infelce
Aspergibom chirurgicks kdba
Imvazivni i lkanazol iv. kaspofungin Ly, 59 mg/ dlouhodobé
asperglléza pakp.o. 4 mghkg 2D dien, liposamiin formy
amfotericinu B iv.
3-5 ma/ko/den,
kembinace echinokandinu
s vartkonareabern,
posskonzzad 300 ma/dan
Mukormykoza a ostatni zygomykazy
Imvaziveni forma | liposomalni forrmy posakomazol 300 mog/den cilouhodo b u lokallzovanych
amfotericinu B P farem je
3-5 my/leg/den doparudens
e, vysil smistasnd
nanvic provest
chirungickou
resekei bokiska
Fusérioza
Invazivni forma | liposomalal formy vorikonazol Ly, pak pao. diouhadabi
ambotericing B 4 mgikg 25 D
3-5mgknsden
avent. vyisi
Kryptokokova infekce
Irwazhnl forma | amiotericin B i, amfotericin B Lv. calkem minimalng | nasleduje
0.7-1 mgrkgden 0.7-1 mg/kgiden iy, 12 tydnds dicuhadobi
+ E-flucytosin Ly, + 5 Aucytosin iy, pocivin
100 mg/kg/den 2 tidny, | 100 mgvkg/dan po celou fhukonazaku
pak flukenazo! dobs by, worikonazod Ly 200 mygfden
A00 mgden P pak puo. 4 mgfsgiden =12 midaicil
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Weinbergerova B., Kabut T., Kocmanova I., Drgonia L., Kouba M., Hri¢inova M., Gabzdilova
J., Guman T., PeteGukova V., Novak J., Forsterova K., Haber J., Ziakova B., Bojtarova E.,
Zavtelova A., Karas M., Chrenkova V., Sedlacek P., Tkacikova B., Mudry P., Mallatova N.,
Timr P., Kolenova A., Tanuskova D., Hordkova J., Navratil M., Chudej J., Sokol J., Rolencova
M., Zak P., Cetkovsky P., Mayer J., Racil Z. Zmény v epidemiologii invazivnich mykotickych
infekcei v Ceskych a slovenskych hematoonkologickych centrech v letech 2005-2017: analyza
dat FIND. Transfuze Hematol. dnes. 2019;25(2):186—196. ISSN 1805-4587.
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SOUHRN

Uvod: Invazivni mykotické infekce predstavuji Zivot ohrozujici infekéni komplikace u hematologickych pacientt a jejich
¢asna diagnostika miZe pfispét ke zlepseni pfezivani téchto nemocnych. Jejich zastoupeni se v poslednich letech méni
zejména vlivem selekéniho tlaku antimykotik.

Materidl a metodika: Cilemn nasi prace bylo retrospektivni zhodnoceni zmén v epidemiologii invazivnich aspergiloz,
invazivnich kandiddz a vzacnych mykodz u hematologickych nemocnych v ¢eskych a slovenskych hematoonkologickych
centrech v letech 2005-2017. Sledované obdobi bylo rozdéleno na 1. obdobi (2005-2012) a 2. obdobi (2013-2017).
K analyze byla pouZita data zadana do databaze FIND (Fungal INfection Database) na zakladé diagnostickych EORTC/
MSG kritérii z roku 2008. Spotieba vybranych antimykotik byla vyjadrena v relativni rocni spotrebé na 1000 lGzkodni.
Vysledky: Celkem bylo zdokumentovano 349 invazivnich aspergildz, 168 invazivnich kandiddz a 102 vzacnych mykoz
(z toho 65,7 % invazivnich zygomykoz). Vyskyt invazivni aspergilozy vzristal v 1. obdobi, pficemz od roku 2013 nastal
naopak klesajici trend (primérny poéet pfipadil na centrum v letech 2005-2012-2017; 1,1-3,6-0,7). SniZilo se zastoupeni
invazivnich aspergiloz u vysoce rizikovych pacientd (2005 - 72,7 %; 2010 - 40,7 %; 2017 - 18,2 %). Celkova spotieba
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posakonazolu rostla od roku 2005 (rDDD v roce 2005-2010-2015; 0-831-1043). Celkovy pocet invazivnich kandidoz a
vzacnych mykoz zlstal v letech neménny. Zastoupeni druh( Candida albicans vs. non-albicans se také v 1. a 2. obdobi
nelisilo (26,1 % vs. 29,1 %; p = 0,732). U prilomovych infekci na profylaxi posakonazolem nebo vorikonazolem se signi-
fikantné castéji vyskytovaly vzacné patogeny ve srovnani s infekcerni vzniklymi u pacient bez této profylaxe (35,3 %
vs. 14,4 %; p = 0,000).

Zavér: Na zakladé analyzy byl potvrzen klesajici vyskyt invazivnich aspergiloz dominantné v souvislosti se zavedenim
rutinni antimykotické profylaxe posakonazolem u vysoce rizikovych pacientll. Zastoupeni zygomykdzy u téchto ne-
mocnych take kleslo. U pacientl na profylaxi posakonazolem nebo vorikonazolem doslo ke zméné spektra infekci ve
prospéch vzacnych patogend.

KLICOVA SLOVA
invazivni mykotické infekce - hematologicky pacient - epidemiologie - akutni leukemie

SUMMARY

Weinbergerova B., Kabut T., Kocmanova |., Drgoiia L., Kouba M., Hri¢inova M., Gabzdilova J., Guman T., Pete¢ukova
V., Novak J., Forsterova K., Haber J., Ziakova B., Bojtarova E., Zavielova A., Karas M., Chrenkova V., Sedlacek P.,
Tkacikova B., Midry P., Mallatova N., Timr P., Kolenova A_, Tanuskova D., Horakova J., Navratil M., Chudej J., Sokol
J., Rolencova M., Zak P., Cetkovsky P., Mayer J., Ra¢il Z.

Changing epidemiology of invasive mould infections at Czech and Slovak haematological institutions from 2005
to 2017: analysis of the FIND

Background: Invasive fungal diseases are life-threatening infectious complications affecting haematological patients and
their early diagnosis can contribute to improved survival of affected patients. In the last years, the patterns of invasive
fungal infections have changed mainly due to the selection pressure of antifungals.

Material and Methods: The aim of our analysis to evaluate retrospectively changes in the epidemiology of invasive asper-
gillosis, invasive candidiasis and rare mycoses in haematological patients at Czech and Slovak haematological centres
from 2005-2017. The observed period was divided into: 2005-2012 (1st period) and 2013-2017 (2nd period). Data entered
into FIND - Fungal INfection Database (according to the EORTC/MSG criteria from 2008) was used for the analysis. The
total consumption of posaconazole and micafungin was expressed in relative annual consumption per 1000 bed-days.
Results: A total of 349 invasive aspergillosis, 168 invasive candidiasis and 102 rare mycoses (65.7% invasive zygomy-
cosis) were documented. The incidence of aspergillosis increased from 2005 to 2012, with a declining trend since 2013
(the average number of cases per centre in 2005-2012-2017 was: 1.1-3.6-0.7). The incidence of aspergillosis in high risk
patients decreased (2005 - 72.7%, 2013 - 42.4%, 2017 - 18.2%). Total consumption of posaconazole has been on the
increase since 2005 (rDDD in 2005-2010-2015; 0-831-1043). The total number of invasive candidiasis and rare mycoses
remained unchanged over the years. The Candida albicans vs. non-albicans ratio remained unchanged in the 1st and
2nd periods (26.1% vs. 29.1%, p=0.732). There was a significant increase in rare mycoses in breakthrough infections on
posaconazole or voriconazole prophylaxis compared to non-breakthrough infections (35.2% vs. 14.4%).

Conclusion: Based on our analysis, we have confirmed a decrease in the incidence of invasive aspergillosis from 2013
after the introduction of routine antifungal prophylaxis with posaconazole in high-risk patients. The ratio of high-risk
patients with invasive zygomycosis has also decreased. Patients on posaconazole or voriconazole prophylaxis have
changed the spectrum of infections in favour of rare pathogens.

KEY WORDS
invasive fungal infection - haematological patient - epidemiology - acute leukaemia

uvob

Invazivni mykotické infekce (IMI) predstavujiZivot
ohrozujici komplikace u imunokompromitovanych
nemocnych. Za nejvice rizikové pro rozvoj IMI jsou
povazovani pacienti s hematologickymi malignitami,
pfedeviim s akutni leukemii (AL) v indukci a reindukei
a nemocni podstupujici alogenni transplantaci he-
matopoetickych kmenovych bunék (human stem cell
tranplantation, HSCT) [1-3]. Vysledky SEIFEM studie
uvadéji 4,6% incidenci IMI u hematologickych pa-

cientd, pfifemz u pacientti s akutni myeloidni leukemii
(AML) 12% [4].

Historicky nejcastéjsi kauzdlni patogeny IMI
predstavovaly kvasinky, pfedev§im Candida spp. [2].
Nicméné nedavné epidemiologické studie jasné uka-
zaly, Ze se invazivni kandidové infekce pravdépodobné
diky uc¢inné antifungalni profylaxi v soucasnosti vy-
skytuji u hematologickych pacientt jiz s nizkou frek-
venci [5] a vlivem faktordi prostfedi dochazi ke zméné
spektra kandidovych infekci ve prospéch kment Candida
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non-albicans [4, 6-9]. Na druhé strané se v poslednich
letech do popfedi dostaly IMI zptsobené vldknitymi
houbami, zejména rodem Aspergillus spp. [4]. Na zdakla-
dé téchto pozorovani byly publikovany studie urcujici
rizika rozvoje IMI u hematologickych nemocnych [4,
10-12]. Navzdory zlepSeni diagnostiky a lécby IMI zii-
stdva amrtnost s nimi spojena stale vysoka a infekéni
komplikace predstavuji i nadale hlavni pfi¢inu amrti
hematologickych pacienti, a navy$uji tak naklady
na péci o tyto nemocné [13, 14]. Epidemiologické stu-
die poslednich let potvrzuji fakt recentné klesajiciho
trendu incidence invazivni aspergilézy (IA) a souéasny
narust vyskytu mukormykozy a opét i kandidovych IMI
u hematologickych pacienti [15].

U hematologickych pacientii ve vysokém riziku
rozvoje IMI je stale ¢astéji pouzivana antimykoticka
profylaxe azoly s u¢inkem na vlaknité houby (posako-
nazol, POSA nebo vorikonazol, VORI) s cilem snizeni
pravdépodobnosti rozvoje téchto zivot ohrozujicich
infekci [16-18]. Nicmeéné ploSna expozice azolovym
antimykotikiim muiZe vést ke zvySeni incidence rezis-
tentnich kment a prilomovych IMI [19-21]. V literatufe
bylo doposud publikovano velmi malo dat analyzujicich
pritlomové IMI, vétSinou invazivnich kandidoz (IK) na
profylaxi flukonazolem [22-26].

Nase ptivodni prace predklada rozsahlou retrospek-
tivni analyzu epidemiologickych dat tykajicich se vy-
voje vyskytu pfipada IMI na ¢eskych a slovenskych
hematologickych centrech zadanych do mezindrodni
databaze IMI-FIND (Fungal INfection Database).

MATERIAL A METODIKA

Provedli jsme retrospektivni zhodnoceni zmén
v epidemiologii IMI (invazivni aspergilézy, invazivni
kandidoézy a invazivnich vzacnych mykdz) u hemato-
logickych nemocnych diagnostikovanych celkem v 15
ceskych a slovenskych hematoonkologickych centrech
v letech 2005-2017. Sledované obdobi jsme rozdélili do
dvou period: 2005-2012 (1. obdobi) a 2013-2017 (2. obdobi)
s ohledem na zavedeni antimykotické profylaxe POSA
do rutinni klinicke praxe u vysoce rizikovych pacienti.
K analyze byla pouzita data zadana do mezinarodni da-
tabdze IMI-FIND (Fungal INfection Database), kterd vznikla
pod zastitou Ceské leukemické skupiny - pro zivot (the
Czech Leukemia Study Group - for Life, CELL) a je schvalena
Etickymi komisemi jednotlivych zacastnénych praco-
vist. Diagnoéza pravdépodobné a prokazané IMI byla
stanovena na zakladé EORTC/MSG kritérii z roku 2008
[27]. U vzacnych IMI byl jako mikrobiologické kritérium
uznan navic pritkaz vzacné houby pomoci diagnostiky
PCR (polymerase chain reaction; polymerazové fetézove
reakce). Hodnocenymi parametry byly hematologicke
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onemocnéni, protinadorova lécba pred diagnozou IMI
a rizikové faktory IMI (neutropenie, kortikoterapie
a reakce Stépu proti hostiteli). Prillomova infekce byla
definovana jako IMI, kterd se rozvinula u pacienta
na antimykotické profylaxi POSA nebo VORI trvaji-
ci7 a vice dni. Vyvoj spotfeby POSA a mikafunginu
(MIKA) definovany jako relativni roéni spotfeba na
1000 liizkodni (rDDD) byl analyzovan v letech 2005, 2010
a 2015 souhrnneé na celkem 4 velkych Ceskych a sloven-
skych hematologickych centrech-IHOK EN Brno, UHKT
Praha, 4. interni klinika FN Hradec Krdlové a NOU
Bratislava. Lécebna odpovéd byla hodnocena na zakladé
EORTC/MSG kritérii z roku 2008 [28]. Statistické zhod-
noceni dat bylo provedeno pomoci Fiserova exaktniho
testu. Spojité proménné byly porovnany Mannovym-
-Whitneyovym U testem. Pro vSechny analyzy byla
pouzita jako iroven statistické vyznamnosti a = 0,05.
Prace byla podpofena Ceskou leukemickou skupinou -
prozivot (CELL), grantem MUNI/A/1105/2018 a grantem
MZ CR - RVO (ENBI 65269705).

VYSLEDKY

1. Invazivni aspergiléza

Analyzovany soubor zahrnuje celkem 258 (73,9 %)
pravdépodobnych a 91 (26,1 %) jistych IA. Kompletni
charakteristika souboru je uvedena v tabulce 1. Median
véku pacientiv dobé diagnozy 1A byl stacionarni v obou
sledovanych obdobich - 58 let (min-0,4; max-87). Od
roku 2013 vzrostl podil pravdépodobnych IA v porovnani
s1. obdobim (81,6 % vs. 69,1%; p=0,009). Protrahovana
a hluboka neutropenie v dobé diagndzy IA byla identi-
fikovana jako frekventni rizikovy faktor u 251 (71,9 %)
pfipadi. Ve 2. sledovaném obdobi kleslo zastoupeni
pacientii s reakci $tépu proti hostiteli (graft versushost di-
sease, GvHD) po alogenni HSCT pred diagnézou IA (8,9 %
vs. 1,5 %; p=0,005). Celkem 46 pacienti (13,2 %) mélo
prilomovou IA na antimykotické profylaxi POSA nebo
VORI. Nejcastéji bylv 1. linii cilené antimykotické 1écby
ve 229 piipadech (78,2 %) pouzit VORI v monoterapii nebo
kombinaci. Celkova lécebna odpovéd po 1. linii cilenych
antimykotik byla dosazena u 47,4 % piipadii. Celkova
amrtnost ve 3 mésicich od diagnézy IA byla 43,3 %,
pricemz klesa ve 2. sledovaném obdobi (47,4 % vs. 36,8 %;
p = 0,060). Pacienti umiraji do tfetiho mésice po sta-
noveni diagnézy pfevazné v souvislosti s 1A (84,1 %).

Vyskyt IA vzrastal v 1. obdobiv letech 2005-2012. Od
roku 2013 dochazi k poklesu incidence IA dominantné
v souvislosti se zavedenim profylaxe POSA do rutinni
klinicke praxe u vysoce rizikovych pacientii s AML
a kortikoid-rezistentnich pacienti s GvHD po alogenni
HSCT (celkovy pocet pripadli IA v letech 2005-2012-2017
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Tab. 1. Charakteristika souboru pacient( s invazivni aspergilézou

1. obdobi 2. obdobi

(2005-2012) (2013-2017)
Celkovy pocet pacient(, n (%) 213.(61.1 %) 126 (38,9 %)
Vék, median (min-max), roky 57 (2-79) 58 (0,4-87)
Pohlavi, muzi, n (%) 136 (63,9 %) 78 (574 %)
Typ IA podle EORTC/MSG 2008, n (%)
Pravdépodobna 147 (691%) M (81,6 %)
Jista 66 (30,9 %) 25 (18,4 %)
Typ IA podle lokalizace infekce, n (%)
Izolovana plicni 178 (83,6 %) 118 (86,8 %)
Diseminovana 30 (14,1 %) 12(88 %)
Izolovana jina 5(23%) 6(44%)
Rizikové faktory pro |1A, n (%)
Neutropenie 153 (71,8 %) 98 (721 %)
Kortikoterapie 61 (28,6 %) 32(235%)
Neutropenie a kortikoterapie souéasné 22(103 %) 10 (7.4 %)
GvHD 19(89%) 2(15%)
Hematologicka diagnoza, n (%)
Akutni myeloidni leukemie 79 (371 %) 45 (331 %)
Akutni lymfablasticka leukemnie 410193 %) 20 (14,7 %)
Chronicka lymfaticka leukemie 26 (122 %) 23 (16,9 %)
Non-/hodgkinsky lymfom 29136 %) 20 (14,7 %)
Ostatni 38 (178 %) 28 (20,6 %)
Onkologicka lé¢ba pred dg. 1A, n (%)
Re-/indukce akutni leukemie 81(381%) 46 (33,8 %)
Alogenni transplantace krvetvornych bunék 44 (20,7 %) 29 (21,3 %)
Jina lécba 74 (34,6 %) 52 (38,3 %)
74dna lécba 14 (6,6 %) 9 (6,6 %)
Antimykoticka profylaxe = 7 dni pfed dg. IA, n (%) 46 (21,6 %) 28 (206 %)
Antimykoticka profylaxe - posakonazol, n (%) 20 (94 %) 14 (10,3 %)
Antimykoticka profylaxe - vorikonazol, n (%) 8 (3.8 %) 4(29%)
Cilena antimykotika = 5 dni v 1. linii, n (%) 181 (85,0 %) 112 (82,4 %)
Vorikonazol monoterapie 84 (46,4 %) 75 (67,0 %)
Varikonazol kombinace 55 (30,4 %) 15 (13,4 %)
Amfaotericin B lipidove formy 20 (1,0.%) 13 (11,6 %)
Jina lécba 22122 %) 9 (8.0 %)
Efekt 1. linie cilené 16¢by = 5 dni, n (%)
Lécebna odpovad (kompletni a parcialni remise) 86 (475 %) 53 (473 %)
Stabilni onemocnéni 18 (10,0 %) 16 (14,32 %)
Progrese 75 (414 %) 38 (33,9%)
Nelze hodnotit 2Q01%) 5(45%)
Umirti, n (%)
Umnrti celkem 138 (648 %) 63 (46,3 %)
Umrti v souvislosti s 1A 92 (43,2 %) 49 (36,1 %)
Umirti do 3 mesicti od diagnozy 1A 101(47,4 %) 50 (36,8 %)
Urnrti do 3 mésict od diagndzy v souvislosti s IA 82 (38,5 %) 45 (331%)

1A - invazivni aspergiléza; EORTC/MSG - European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy
and Infectious Diseases Mycoses Study Group; GvHD - Graft versus host disease
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tickou leukemii (ALL) v indukci
Cireindukci vykazuje také mirné
klesajici tendenci (viz graf 2).

2. Invazivni kandidéza
Celkem bylo zdokumen-

tovano 168 jistych IK (85,1 %

kandidemii). Kompletni cha-

SpotFeba antimykotik (rDDD)

rakteristika souboru je uve-

Roky

Graf 1. Vyvoj celkového poctu invazivnich mykotickych infekci a spotfeby posakonazolu

a mikafunginu v letech 2005-2017

Pozn.: spotfeba POSA a MIKA souhrnné celkem ve 4 hematologickych centrech
IMI - invazivni mykotické infekce; rDDD - relativni roéni spotfeba na 1000 lazkodni; POSA -
posakonazol; MIKA - mikafungin; spotfeba antimykotik vyjédfend jako logaritmicka spojnice trendu
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dena v tabulce 2. Zavedeny
centralni zilni katétr a protra-
hovana a hluboka neutropenie
byly identifikovany jako nejcas-
téjsi rizikové faktory u 88,1 %
a 70,8 % pripadu. Pocet pripa-
da s antimykotickou profylaxi
v dobé diagnozy IK je stacionarni
v obou obdobich (47,8 % vs. 46,1%;
p = 0,877). V profylaxi dominu-
je pouziti flukonazolu u 42,5 %
piipadu IK. Pouze 11 pacienta
(6,6 %) mélo pralomovou IK na
antimykotické profylaxi POSA
nebo VORI. Nejcastéjsimi cile-
nymi antimykotiky v 1. linii byly
echinokandiny (49,1 %). Celkova
lécebna odpovéd byla dosazena

Roky

w—AML (re-)indukce + GYHD

=== Logaritmické spojuice trendu

Graf 2. Vyvoj zastoupeni pripadl invazivni aspergilézy u pacientd s AML indukci/reindukci a GVvHD po

alogenni HSCT v letech 2005-2017

AML - akutni myeloidni leukemie; GvHD - graft versus host disease; HSCT - hematopoietic stem cell

transplantation

byl: 11-51-11; prumérny pocet pfipadi na centrumv le-
tech 2005-2012-2017 byl: 1,1-3,6-0,7) (graf 1). Celkova
spotfeba POSA a MIKA dohromady na 4 velkych ceskych
a slovenskych hematologickych centrech od roku 2005
stoupa (POSA: rDDD v roce 2005-2010-2015: 0-831-1043;
MIKA: rDDDv roce 2005-2010-2015: 15-228-290) (graf 1).
Pricemz data tykajici se vyskytu IA na téchto 4 centrech
v letech 2005-2012-2017 byl: 8-21-6). Ve sledovaném
obdobi klesa zastoupeni pripadu IA u pacienti s AML
v indukci ¢i reindukci a pacient s GVHD po alogenni
HSCT (2005 - 72,7 %; 2010-40,7 %; 2015 - 24,3 % a 2017 -
18,2 %) (graf 2). Zastoupeni pacientti s akutni lymfoblas-
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u 73,8 % pripadu. Celkova umrt-
nost ve 3 meésicich od diagnozy IK
byla 32,1 % a signifikantné se ne-
meni ve sledovanych obdobich.
Zhruba polovina pacientl zemie
do tfetiho mésice v souvislosti
S IK (53,7 %).

Celkovy pocet IK v jednotli-
vych letech zastava nemeénny
(prameérny pocet pripadi na
centrum a rok: 1,3) - viz graf 1).
Signifikantné stoupa relativ-
ni zastoupeni pacienti se solidnim tumorem (1. vs.
2. obdobi: 10,8 % vs. 25,0 %; p = 0,040). Zastoupeni
druht Candida albicans vs. non-albicans vykazuje v 1.
i 2. obdobi obdobnou frekvenci (26,1 % vs. 29,1 %;
p=0,732). U pacientu se solidnim tumorem jsou signifi-
kantné castéji zastoupeny kmeny Candida albicans oproti
pacientim s hematologickymi malignitami (51,4 % vs.
27,8%; p <0,007).

3. Vzacné invazivni mykozy

Celkem bylo zdokumentovano 24 pravdépodobnych
a78 prokazanych vzacnych mykéz, dominantné inva-
zivnich zygomykoz (1Z; 65,7 %). Podrobna charakteristi-
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Tab. 2. Charakteristika souboru pacientd s invazivni kandidézou

1. obdobi 2. obdobi

(2005-2012) (2013-2017)
Celkovy pocet pacientt, n (%) 92 (54,8 %) 76 (45,2 %)
V&k, median (prameér; min - max), roky 42 (38; 0,8-84) 21(30;1-75)
Pohlavi, muzi, n (%) 56 (60,9 %) 46 (60,5 %)
Typ IK podle EORTC/MSG 2008, n (%)
Pravdépodobna 0(0.0%) 0(0,0%)
Jista 92 (100,0 %) 76 (100,0 %)
Typ IK podle lokalizace infekce, n (%)
Kandidemie 78 (84,8 %) 65(855%)
Diseminovana kandidéza 14 (15,2 %) (14,5 %)
Rizikové faktory pro IK, n (%)
CVK 79 (85,9 %) 69 (90,8 %)
Neutropenie 64 (69,6 %) 55 (72,4 %)
Hematologicka diagndza, n (%)
Akutni myeloidni leukemie 23(250 %) 19 (25,0 %)
Akutni lymfoblasticka leukemie 16 (174 %) (14,5 %)
Chronicka lymfaticka leukemie 3(33%) 0(0,0%)
Non-/hodgkinsky lymfom 26 (283 %) 13071%)
Solidni tumor 10 (10.8 %) 19 (25,0 %)
Ostatni 14 (152 %) 14 (18,4 %)
Antimykoticka profylaxe = 7 dni, n (%) 44.(478 %) 35(46]1 %)
Antimykoticka profylaxe-micafungin, n (%) 7(76%) 12 (158%)
Antimykoticka profylaxe-micafungin u ALL, n (%) 3(3.3%) 5(6,6%)
Antimyketicka profylaxe-posakenazol, n (%) 2(33%) 4(53%)
Antimykoticka profylaxe-vorikonazol, n (%) 2(22%) 2(26%)
Cilena antimykoticka lécba = 5 dni v 1. linii, n (%) 65 (70,7 %) 51(671%)
Flukonazol 14 (215 %) 10 (19,6 %)
Echinokandiny 28 (431%) 29 (56,9 %)
Vorikonazol 9 (13,9 %) 2(39%)
Jina lécba 14 (215 %) 10 (19,6 %)
Celkovy efekt na konci cilené 1écby, n (%)
Lécebna odpovéd (kompletni a parcialni remise) 68 (739 %) 56 (73,7 %)
Stabilni onemocnéni 13.(14,1 %) 7(92%)
Progrese 2(2.2%) 0 (0.0 %)
Nelze hodnotit 9(9.8%) 13 (171 %)
Umrti, n (%)
Umrti celkem 44 (478 %) 34 (44,7 %)
Umirti v souvislosti s IK 17 (18,5 %) 12 (15,8 %)
Umrti do 3 mésicil od diagnozy IK 30 (32,6 %) 24 (216 %)
Umrti do 3 mésictl od diagnozy v souvislosti s IK 17 (18,5 %) 12 (15,8 %)

IK - invazivni kandidéza; EORTC/MSG - European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and
Infectious Diseases Mycoses Study Group; CVK - centraini vendzni katétr; ALL - akutni lymfoblasticka leukemie
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Tab. 3. Charakteristika souboru pacient( se vzacnou invazivni mykézou

1. obdobi 2. obdobi
(2005-2012) (2013-2017)

Celkovy pocet pacientl, n (%) 59 (57.8 %) 43 (422 %)
Vék, median (min - max), roky 26 (0,8-72) 45 (4-70)
Pohlavi, muzi, n (%) 31(525%) 27 (62,8 %)
Typ vzacné IMI podle EORTC/MSG 2008, n (%)
Pravdépodobna 7(,9%) 17 (39,5 %)
Jista 52 (881 %) 26 (60,5 %)
Typ vzacng IMI podle eticlogického agens, n (%)
Invazivni zygomykdza (12) 38(644 %) 29 (674 %)
Ostatni 21(356 %) 14 (32,6 %)
Typ vzacné IM| podle lokalizace infekee, n (%)
Izolovana plicni 13 (22,0 %) 18 (41,9 %)
Diseminovana 36 (61,0 %) 24 (558 %)
Izolovana PND 3(51%) 1(2.3%)
Izolovana jina 7019 %) 0(0,0%)
Rizikové faktory pro vzacné IMI, n (%)
Neutropenie 53 (89,3 %) 33(76,7 %)
Kortikoterapie 25 (42,4 %) 23 (535 %)
Meutropenie a kortikoterapie 21(35,6 %) 16 (37.2 %)
Hematologicka diagnéza, n (%)
Akutni myeloidni leukemie 25 (42,4 %) 13 (30,2 %)
Akutni lymfoblasticka leukemie 16 (271 %) 15(34.9 %)
Chronicka lymfaticka leukemie 11,7 %) 4(9,3%)
Non-/hadgkinsky lymfom 5(85%) 3(70%)
Solidni tumar 5(85%) 0(0,0%)
Ostatni 7(1.8%) 8 (18,6 %)
Onkologicka lé¢ba pred dg. vzacné IMI, n (%)
Re-/indukce akutni leukemnie 22 (373 %) 16 (37.2 %)
Alogenni transplantace krvetvornych bunék 14 (23,7 %) 14 (32,6 %)
Jina 23 (390 %) (25,6 %)
Zadna 2(34%) 2(46 %)
Antimykotickd profylaxe = 7 dni, n (%) - |Z pouze 23 (60,5 %) 25 (86,2 %)
Posakonazol 2(53%) 6 (20,7 %)
Vorikonazol 4105 %) 9 (311 %)
Cilena antimykotika = 5 dni 1. linie, n (%) - |Z poLze 22 (579 %) 19 (65,5 %)
Abelcet 8(211%) 5172 %)
Abelcet + posakonazol 4 (10,5%) 6(20,7%)
Posakonazol 2(52%) 1(3,5 %)
Jina lé¢ba 8 (211%) 7(24]1%)
Zadnd lécba 16 (421%) 10 (345 %)
Efekt na konci cilené lécby = 5 dni, n (%) - IZ pouze
Lécebna odpovéd (kompletni a parcialni remise) 14 (36.8 %) 14 (48,3 %)
Stabilni onemocneni 2(53%) 1(3,5 %)
Progrese 8(211%) 7(241%)
Nelze hodnotit 14 (36.8 %) 7 (241 %)
Umrti, n (%)
Umnrti celkem 39 (66,1 %) 21(48,8 %)
Umrti v souvislosti se vzacnou IMI 33(559%) 16 (37.2%)
Umrti do 3 masicll od diagnézy vzacné IMI 29(49,2%) 14 (32,6 %)
Umrti do 3 mésicti od diagndzy v souvislosti se vzacnou Ml 29 (49,2 %) 13 (30,2 %)

IMI - invazivni mykoticka infekce; EORTC/MSG - European Organization for Research and Treatment of Cancer/invasive Fungal Infections Cooperative Group and the National Institute of

Allergy and Infectious Diseases Mycoses Study Group; IZ - invazivni zygomykodza
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a AML v indukci nebo reindukci
klesa (graf 3).

4, Priilomové invazivni
mykotické infekce

Zastoupeni jednotlivych typa
IMIu 88 (14,2 %) prilomovych in-
fekci na POSA nebo VORI vs, 541
(85,8 %) infekci bez antimykotic-
ké profylaxe je zobrazeno v grafu
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Graf 3. \iyvoj zastoupeni pfipadd se vzacnou IMI u pacient( s AML v indukci/reindukci v letech

2005-2017
AML - akutni myeloidni leukemie; IMI - invazivni mykotické infekce

ka souboru je uvedena v tabulce 3. Median véku pacientt
byl4llet (min-0,8; max-72). V obdobi od roku 2013 nartista
podil pravdépodobnych vzacnych mykoz (39,5 % vs, 11,9 %;
p=0,002) a izolovanych plicnich forem (41,9 % vs. 22,0 %;
p = 0,049). Protrahovana a hluboka neutropenie byla
identifikovdna jako frekventovany rizikovy faktor (84,3 %
piipadd). Antimykotickou profylaxi POSA meélo 11,9 %
piipadii IZ. Celkem 31 pacientii (30,4 %) mélo prilomo-
vou vzacnou IMI na antimykotické profylaxi POSA nebo
VORI. Nejéasté&jibyly v 1. linii cilené antimykotické 1é¢by
IZ pouzity amphotericin B lipidovy komplex pfipadné
v kombinaci s POSA (63,4 % pripadfi). Celkova lécebna
odpovéd byla dosazena u 41,8 % IZ. Celkova Gmrtnost ve
3 mésicich od diagnézy vzacné IMI byla 42,2 % a signifi-
kantné seve sledovanych obdobich nelisi, téméfveviech
piipadech v souvislosti se vzacnou IMI (97,7 %).

Celkovy pocet vzacnych IMI se v jednotlivych letech
neménil (primérny pocet pfipadl na centrum a rok:
0,9) - viz graf 1. V1. i 2. obdobi dominuje IZ (64,4 %
a 67,4 %; p=1,0). Zastoupeni pacientti se vzacnou IMI

51 IMI bez profviaxe POSA ncho VORI

B Invazivni
aspergiloza

B [nvazivm
zygomykoza

B Ostatni vzicné
IMI

C Invazivni
kandiddza

Graf 4. Zastoupeni jednotlivych typl IMI u pacient bez profylaxe posakonazolem nebo
vorikonazolem a prulomovych infekci na profylaxi posakonazolem nebo vorikonazolem

IMI - invazivni mykotické infekce; POSA - posakonazol; VORI - vorikonazol

B8 prulomovych 1M]

4. U prilomovych IMI jsou Cas-
t&ji zastoupeny vzacné mykozy
(67,7 % zygomykdzy) ve stovnani
s infekcemi bez profylaxe POSA
nebo VORI (35,3% vs. 14,4 %; p =
0,000). Naopak IK a IA jsou za-
stoupeny s vétsi frekvenci u IMI
bez profylaxe oproti prulomovym
IMI(IK: 29,0 %vs. 12,5 %; p=0,001; IA: 56,0 % vs. 52,2 %;
p<0,00001).

DISKUSE

V poslednich dekadach dochdazi ke zménam v inci-
denci IMI u hematologickych pacientii jako dasledek
zmén v protinddorové 1é¢bé a dalsich hostitelskych
faktorech, zlepSeni diagnostiky a zavedeni novych
antimykotik do klinické praxe [4, 5, 9, 15, 29-32]. Nade
retrospektivni analyza predklada vyvoj epidemiologie
IMI na €eskych a slovenskych hematoonkologickych
centrech a hodnoti faktory ovliviiujici spektrum kau-
zdlnich patogent a dal3i epidemiologické parametry.

V soucasné dobé publikovana data potvrzuji sou-
vislost pouzivani antimykotické profylaxe se zménou
spektra IMI a celkovym poklesem jejich vyskytu u he-
matologickych pacientfi. Studie sekénich nalezfi he-
matologickych nemocnych potvrdila klesajici incidenci
1A a soufasny narast vyskytu mukormykodzy a kandi-
dovych IMI [15]. Chamilos et al.
publikovali 30% prevalenci IMI
zachycenych v sekénich nalezech
u hematologickych nemocnych
v letech 1989-2003 [29]. Nasledné
stejny tym publikoval v letech
2004-2008 signifikantni po-
kles prevalence IMI na 19 % [15].
Podobné pozorujeme v nasem
souboru od roku 2013 klesajici
trend vyskytu IMI, respektive IA,
s relativnim nartistem zastou-
peni IK a vzdcnych IMI. Vyskyt
IA nejprve nartistal do roku 2013
s naslednym poklesem pravdépo-
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dobné dominantné v souvislosti s rutinnim zavedenim
profylaxe POSA do klinické praxe u vysoce rizikovych
hematologickych pacientii, ZlepSeni diagnostiky IA po-
moci ¢asného sérologického markeru, galaktomananu,
zpisobilo signifikantni narast podilu pravdépodobnych
forem IA oproti jistym [33]. Celkovy pocet vzacnych IMI
aIK se v nasem souboru v letech neméni. Roste zastou-
peni pravdépodobnych a izolovanych plicnich forem
vzacnych IMI dominantneé v souvislosti se zavedenim
diagnostiky hub pomoci PCR z BAL do rutinni klinické
praxe v poslednich letech.

Za nejvice rizikové pro rozvoj IMI jsou povazovani
pacienti s hematologickymi malignitami, pfedeviim
s akutni leukemii v indukci a reindukci a nemocni
podstupujici alogenni HSCT [1-3, 34]. Randomizovana
multicentricka studie Cornelyho et al. potvrdila sig-
nifikantni benefit antimykotické profylaxe POSA
u vysoce rizikovych neutropenickych pacientii s AML
v souvislosti se snizenim incidence IMI a jejich mor-
tality [16]. Nasledné byla pro vysokou turoven diikazu
profylaxe POSA u vysoce rizikovych pacienti doporu-
fena v mezinarodnich guidelines [35-37]. Tento fakt
podpofila i prospektivni studie skupiny SEIFEM, kterd
prokazala snizeni incidence IMIu 881 pacientt s AML
po indukci na profylaxi POSA [38]. Podobné nase data
ukazuji klesajici trend incidence IA a vzacnych IMI
u vysoce rizikové skupiny pacientti s akutni leukemii
v indukci ¢i reindukci a GvHD po alogenni HSCT ve
sledovaném obdobi. Jednim z moznych faktori vysvét-
lujicich tento fakt miiZe byt pravé ploiné pokryti vy-
soce rizikovych nemocnych antimykotickou profylaxi
POSA, pfipadné pacientti s ALL vindukdi ¢i reindukci
profylaxi MIKA. Podobné vysledky tykajici se nizké
incidence (4,1 %) prulomovych IMI u 49 pacienti s ALL
vindukci na profylaxi MIKA uvedli ve svém abstraktu
Kabut et al. [39].

Oproti literarnim datim se v pripadé IK zastou-
peni kment C. albicans vs. non-albicans v nasi studii
v letech neméni [4, 6-9]. Tento fakt miazZe byt dan
kromé jinych faktort vlivem vy$siho relativniho za-
stoupeni flukonazolu v profylaxi u vysoce rizikovych
pacientiiv 1, obdobi oproti 2. obdobi. Chyba malych
Cisel se také muze podilet na odlisném vysledku
oproti publikovanym adajim. V souladu s publikova-
nymi daty jsme u pacientti s IK a solidnim tumorem
signifikantné ¢astéji zachytili kmeny Candida albicans
v porovnani s pacienty s hematologickymi maligni-
tami (51,4 % vs. 27,8 %; p < 0,007). VyS3i incidence
C. non-albicans kmenti u pacientd s hematologickymi
malignitami se pfevazneé prisuzuje frekventovanéj-
§imu pouzivani profylaxe flukonazolem u téchto
nemocnych [40].
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Lamoth et al. publikovali retrospektivni analyzu
hodnotici 24 pralomovych mikrobiologicky dokumen-
tovanych IMI na profylaxi POSA nebo VORI a 66 IMI
bez této profylaxe u hematologickych nemocnych a pa-
cientt po transplantaci solidniho organu [26]. Prokazali
zvySeni vyskytu ,non-aspergilovych* vlaknitych hub
u pralomovych infekci vs. IMI bez profylaxe POSA
nebo VORI (76 % vs. 44 %; p = 0,003) se signifikantnim
naristem azol-rezistentnich kmenta u prulomovych
IMI. Podobné v nasi praci pritlomové IMI na POSA nebo
VORI byly signifikantné s vySsi frekvenci zpasobeny
vzacnymi patogeny (nejcastéji IZ) v porovnani s IMI bez
profylaxe POSA nebo VORI (35,3 % vs. 14,4 %; p=0,000).
Naopak IK a IA byly u pralomovych IMI zastoupeny
v signifikantné nizsi frekvenci.

Nase studie je zatizena limitacemi vcetné jejiho
retrospektiviniho multicentrického designu a moznym
rizikem nekonzistentnich postupti v diagnostice IMI.
ZAVER

NaSe analyza potvrdila klesajici trend vyskytu IA
od roku 2013 dominantné u vysoce rizikové skupiny
hematologickych pacient s velkym podilem zavedeni
rutinni antimykotické profylaxe POSA a MIKA u téchto
nemocnych. Zastoupeni vysoce rizikovych pacient s IZ
také v poslednich letech klesd. U pacientfi na profylaxi
POSA nebo VORI dochdzi ke zméné spektra kauzal-
nich patogent prilomovych IMI v relativni prospéch
vzacnych patogeni, dominantné IZ. Pomeér kment
C. albicans a non-albicans se v letech neméni. U hemato-
logickych nemocnych se ¢astéji vyskytuji C. non-albicans
kmeny s vysokym podilem vlivu antimykotické profy-
laxe flukonazolem, u pacientd se solidnimi tumory je
pomeér opacny.
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Casna diagnostika invazivnich mykotickych infekci
u hematoonkologickych nemocnych pomoci
sérologickych metod

Z. Ragil', |, Koomanowd®, B, Wagnerovd', M. Lengerovd, |. Mayer
fntgemi hamatoonkologickd klinika Lékadsid fakalty MU 2 FN Broo, pracovidld Bohinics, prednaita profl MUDE fie Viarlivek, Che,
Chfdditen khinicke mikrabioftome SN Brao, procoviité Bohunice, prim, MUDE Afens Sovikod

Souhm: Invaznni mykoticke infekoe se béhem poslednich dvou dekad staly jednim z didlezingch faktord ovlivaugicich marbidicy
a mortaliou memaocngch s hemarologickou malignitou. PRestoe se v poslednich nikolika letech setkdvdme s ndrhstem incidence
invammmich mykaz spisobenych vzacné se wskytugicirm houbami, absolumi vétdina oportunnich mykouckych infekei je zpisobena
kmeny kandid a predeviim pak kmeny aspergilti. Casnd diagndza a zahdjeni déinné antmykotické létby md zasadnl vl na pro-
gnéru nermoc I'I:|:‘Ci1 v Fll:)l.'.lednl' dabeé doilo kvj-r:‘urlému puhnku pravé na Fru|i casneg di.:gnc:lsti k}' invazivnich mykw - vedle nﬂ'\-'ft:h
zobrazovacich metod je to predeviim rozvo) novich sérologickych metod. V nasledujici souhrnné prici pfinagime z3kladni infor-
mace o nejdaleditdjiich 2 nich a zejména o jejich wuldit v rutinnd klinicke prasi,

Kiigovd slova: hematologické malignicy - invazivnl mykortické infekee - sérologické mecody - galaktomannan - mannan - anci-
mannan - 1,3-f-D-glukan

Early diagnosis of invasive fungal infections in hematooncological patients by serclogical methods

Summary: Invasive fungal infections have become one of the major causes of morbidity and martality in hemarooncalogical pa-
tients over the past 2 decades, Even there i an increasing inoidence of invasive fungal infections caused by rare flamentous fung,
the majonty of infections are caused by Casdiae sp. and especially Asperpilivs sp. Early diagnosis and prompt initianon of anofungal
treatment are leading Factors influencing prognosis of patients with invasive fungal infecbion, Impoertant advances in the Neld of
early diagnosis of imasive fungal infections have been realized over the fast years. Beside of new radiclogical methods the major
progress has been done in serological methods. In this paper we review the most important of these serological methods and their
pasition in routine clinical practice.

Key words: hematological malignancies - invasive fungal infections - serological methods - galactomannan - mannan - anti-

mannan - 1,3-f-D-glucan

Divody pro vyvoj a pouivani
sérologickych metod

v diagnostice invazivnich
mykotickych infelci

Invazivnl mykoticke infekce predsta-
vuji zavainou infekéni komplikaci
imunckompramitovanych nemocnych
s nadorovim onemaocnénim. Ve srov-
nani s bakeridlnimi infekcemi je je-
Jich wiskyr jednoznadné méné Zascy,
na druhou scranu incidence invaziviich
miykatickych infekel nanista a morbi-
dita a mortalita s nimi spojend je v~
razid vl ned je tomu u infekel bak-
teridlnich. Pestofe invazivai mykdzy

990

postihuji celou skupinu nemocnych
s nadorovymm anemocnénim; je jejich
wyskyt u pacientd se salidnimi nddory
spife vzdcny. Naopak velice Zasté jsou
u nemgacnych s hematelogickymi ma-
lignitami, a to predeviim, je-li sou-
cast lecebného refimu transplantace
krvetvorné thidng [1,2).

Béhem poslednich dvou dekid do-
Elo k signifikantnimu nardscu frekvence
wyshkyru réchro infelci u hemartoonkao-
logickich nemacnych [1]. U béte sku-
piny pacientd se v zdvislost na cha-
rakteru onemocnini, respektive cha-
rakteru a intenzité protinddorové

lécby, pohybuje incidence invazivnich
mykdz od 2 % (napf. autologni trans-
plantace krvetvornd thing) a2 po 15 a2
25 % (naph indukénl lécba akutn/ leu-
kerie nebo alogenni transplantace
krvetvarne ckane) [3]. Vedle zvygeni in-
cidence invazivnich mykotickpch in-
fekelviak dochde | ke zmiéné ve spekoru
wvaldvagicich patogend, Od zaditku
S, ler minulého stoletl, kdy se u hema-
roonkologickych nemocnych rozsifla
masivil prafidase flukenazolem, trvale
Klesd incidence invasivnich kandidaz,
zepména vyvolangch na flukonazel cit-
lwgmi krneny kvasinek [4-6]. Naopak

Vinite Lék 2007; 53(9): 990-9%9
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Vyuziti detekce galaktomannanu pro ¢asnou diagnostiku
invazivni aspergilézy

Z. RACILY, I. KOCMANOVA?, B. WAGNEROVA*, J.WINTEROVAL, J. MAYER!

‘Interni hematoonkologickd klinika, Fakultai nemocnice Brno
20ddélens klinické mikrobiologie, Fakultn{ ice Brno

SOUHRN
Racil Z., K vé B., Winterova J., Mayer J.: Vyuziti detekce galaktomannanu pro Zasnou diagnostiku invazivn(

aspergilézy

Invazivni aspergiloza piedstavuje zdvaZnou a Easto letalni mykotickou infekci imunokompromitovanych pacientd, jejiz incidence v po-
slednich letech naristd. Vysokd mortalita infekee je dina na jedné strané tiZ( imunosuprese nemocnych, ale na druhé strané pfede-
viim obtiZnostl stanovit této infekee éasné. Roxvoj neinvazivaich nekultivaZaich metod v poslednich letech pfedstavuje za-
sadni zménu v Casné diagnostice invazivnl aspergilové infekee. Oviem jedind z nich md v soucasnostl své jasné postaveni a to je
stanoveni galaktomannanu ELISA metodou. Test m4 pfedeviim excelentni negativni prediktivnf hodnotu a umoZiuje s vysokou prav-
dépodobnosti infekci vylouit. Na druhou stranu jeho velmi dobri Itivi (iZe €asto stanovit diagnozu jekt& pred jasnou kli-
nickou manifestact infekee. Nicméné hlavnimi limi i testu jsou koliséni senzitivity ovlivnitelné celou fadou faktordt a moZnost fa-
leingch pozitivit. Cilem této prace je souhr dosavadnich znalosti o vyuZiti galaktomannanu v Zasné diagnostice invazivni aspergilozy.

Klicovd slova: invazivni mykotické infekce, invazivni aspergiléza, sérologickd diagnostika, galaktomannan

4 L, Wagn

SUMMARY

R4&ll Z., Koemanova I, Wagnerové B., Winterova ]., Mayer J.: Contribution of galactomannan antigen detection to early diagnosis of
invasive
Invasive aspergillosis is a serious and often lethal fungal infection in lmmunocompmhed patients, with increasing Incidence in re-
cent years. 11\0 high mortality is related not only to severe i but especially to difficulties in early diagnosis. The de-

invasive nonculture diagnostic methods in recent yem Is a major advance in the early diagnosis of invasive asper-
;illosu bu( lhc only method with a clear position is cu galactomannan detection by sandwich ELISA. The test has an excellent
negative predictive value and is able to exclude invasive aspergillosis with high probability. In addition, its good sensitivity often allows
diagnosis of the condition before it is clinically manifested. However, variations in sensitivity due to numerous factors and potential
false-positive results in certain populations are the main limitations to its use. The purpose of this review is to summarize the current

knowledge of the use of galactomannan in the early diagnosis of invasive aspergillosis.
Keywords: invasive fungal infections, invasive aspergtllosis, serologic diagnosis, galactomannan
Klin mikrobiol inf lék 2007;13(5):176-183
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Uvod

V poslednich dvou dekddédch jsme svédky ndristu inci-
dence invazivnich mykotickych infekci a hlavni skupinou
nemocnych, které postihuiji, jsou pacienti s hematologickou
malignitou. U hematoonkologick§ch nemocngch je absolut-
né ncjastdj3f mykézou invazivni aspergiléza, kterd se vy-
skytuje s incidencf 8-20 % u nejvice rizikovych skupin
(pacienti 1é¢enf pro akutnf leukémii a po transplantaci krve-
tvorné tkdng) (1, 2). Mortalita invazivnf aspergilové infekce
je u té&chto imunosuprimovanych pacientl vysokd a pohybu-
Jje se v soucasné dobé kolem 40 % [1]. Vysokd mortalita je
ddna nejen zdvaZngm deficitem imunitnfho systému nemoc-
nych, ale velice Casto pfedeviim obtiZnosti Casné stanovit

sprévnou diagnézu. Na podklad® sprivné diagnézy Casné
zahdjend cilend antimykotick4 1é¢ba je jednim z klicovych
faktori zlepSujicfch prognézu nemocnych s invazivnf asper-
gilézou [3).

Konvenéni diagnostické plistupy bohuZel velmi Easto se-
Thdvaji. Kultivace nebo histologie ze sterilnfho materidlu
vyZaduje biopsii, kterd v3ak u pacientd s koagulopatil
a trombocytopénii nenf moZnd. Navic, je-li biopsie prove-
dena, je senzitivita vlastniho kultivaéniho a histologického
vySetfenf omezend. Kultivace a cytologie materidlu z dy-
chacich cest md opét omezenou senzitivitu a pozitivnf vy-
sledek kultivace je navic vétSinou pozdnf. Pravdépodobna
diagnéza invazivnf aspergil6zy je tedy nejcastéji v klinické

5]
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Chapter 11

Serological Approaches

Barbora Weinbergerova, lva Kocmanova, Zdenek Racil, and Jiri Mayer

Abstract

The diagnosis of invasive fungal diseases (IFD) based on clinical, radiological, and conventional microbio-
logical findings is not reliable and is often delayed. Non-culture-based methods with higher sensitivity and
specificity may reduce diagnostic time and result in decreased IFD) morbidity and morrtality. These methods
are now increasingly used to manage patients at risk of IFD. Among available biomarkers, fungal antigens
have been investigated as an aid to early diagnosis and are predominantly used as screening tests to prompt
antifungal treatment mainly in patients with hematological malignancies. The revised version of the
European Organization for Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG)
consensus definitions includes some of these biological markers (galactomannan, 1,3-beta-p-glucan,
cryptococcus antigen).

Key words Galactomannan, The Platelia Aspergillus enzyme immunoassay, Latex agglutination,
Aspergillus lateral-flow device, 1,3-beta-p-glucan, Fungitell assay

1 Galactomannan Detection

1.1 Introduction Galactomannan (GM) is a critical microbiological criterion for
diagnosis of invasive aspergillosis (IA). GM represents a fungal cell
wall component ot Aspergillus along with chitin, 1,3- and 1,4-beta-
D-glucan [ 1]. Detection of this carbohydrate molecule was recorded
in 1992 by Stynen, using a monoclonal antibody (MoAb) EBA-2
[2] which specifically binds to four galactofuranosyl residues.
Circulating GM can be detected in serum or plasma, bronchoal-
veolar lavage fluid (BALF), cerebrospinal fluid (CSF), and other
body fluids.

The release of GM is thought only to occur during cell wall
lysis when nutrients are limited in necrotic oxygen deprived tissuc
[3]. An “in vitro” model demonstrated that GM is not released
into circulation during infection until the fungus invades the endo-
thelial compartment [4]. This suggests that circulating GM cannot
be detected in the serum until angioinvasion by the fungus occurs.
Furthermore, it has been observed that serum GM (S-GM) is
almost always readily detected in neutropenic hematological and

Thomas Lion (ed.), Human Fungal Pathogen Identification: Methods and Protocols, Methods in Molecular Biology, vol. 1508,
DOI 10.1007/978-1-4939-6515-1_11, © Springer Science+Business Media New York 2017
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1.1.1 Latex Agglutination

1.1.2  Aspergillus
Lateral-Flow Device

human stem cell transplant (HSCT) patients as a result of poor
immune response where angioinvasion is observed in characteristic
“halo” signs in high resolution computer tomography (HRCT)
[5]. On the other hand, with non-neutropenic patients, such as
hematological patients after bone marrow recovery or non-
hematological patients treated with long-term corticosteroids and
other immunosuppressive regimens, a significant local inflamma-
tion limiting the angio-invasive process occurs, and patients could
be S-GM negative [6].

The original GM assay was a latex agglutination test with a detection
limit of 15 ng/mL [7]. This assay was superseded by an enzyme
immunoassay (EIA) able to detect less than 1 ng/mL [2], and most
reports on assay now relate to the EIA assay.

A recent test developed and marketed for Aspergillus spp. detec-
tion is an antigen test identifying an extracellular glycoprotein anti-
gen only produced during active growth of the fungus. This test
uses a lateral flow device (LED) format [8]. The assay is specific for
Aspergillus spp. and reacted positively to sera from patients diag-
nosed with IA by GM and 1,3-beta-p-glucan (BDG) assay results
[8,9]. A meta-analysis of Pan et al. assessed the diagnostic accuracy
of the LED test in patients with IA according to EORTC/MSG
definitions from seven published studies [10]. The pooled sensitiv-
ity, specificity, and diagnostic odds ratio (DOR) were 0.86 (95%
CI, 0.76-0.93), 0.93 (95% CI, 0.89-0.96), and 65.94 (95% CI,
27.21-159.81) in the LFD test using BALF, and 0.68 (95% CI,
0.52-0.81),0.87 (95% CI, 0.80-0.92), and 11.90 (95 % CI, 3.54—
39.96) in the LFD test using serum (see Table 1). The authors
concluded that the Aspergil/us LED had a positive diagnostic value
in immunocompromised patients at risk of IA. The LFD using
BALF might have a better performance than the serum LFD test.
The Aspergillus LED test showed promising results for IPA diag-
nosis. Furthermore, the LED test can be performed easily and pro-
vides rapid results. Therefore, it may be a reliable alternative for
IPA diagnosis in centers where GM results are not rapidly available
and in centers with few samples.

Table 1
Diagnostic accuracy of Aspergillus lateral-flow device (LFD) test for IA
diagnosis

Meta-analysis SEN (%) SPE (%) DOR
Serum Pan etal. [10] 68 87 11.90
BALF Pan etal. [10] 86 93 65.94

SEN pooled sensitivity, SPE pooled specificity, DOR diagnostic odds ratio
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The Platelia™ Aspergillus EIA, a single commercial assay (Bio-Rad
Laboratories, Marne La-Coquette, France), is the most commonly
used technique for GM detection and for this reason, we will focus
exclusively on this method. It is a one-stage immunoenzymatic
sandwich microplate assay that detects GM in biological samples.

This assay uses rat EBA-2 MoAb, which are directed against
Aspergillus GM. The MoAb are used to coat the microplate wells,
bind the antigen, and then detect the antigen bound to the sensi-
tized microplate (conjugate reagent: peroxidase-linked MoAb).

Cutoft'is calculated by dividing the optical density (OD) of the
patient’s sample by that of the threshold control, which contains
I ng/L. of GM. GM concentration is expressed as an index, and
with serum (and plasma) a cutoft GM index for 0.5 positivity (IP)
is recommended.

Regular monitoring tor S-GM is recommended with neutropenic
patients who have a relatively high a priori probability (>5-10%) of
developing IA—including patients with acute myeloid leukemia
(AML) and myelodysplastic syndrome (MDS) undergoing inten-
sive chemotherapy and patients receiving allogencic HSCT in the
early engrattment phase [11-13].

In addition to blood, GM can be detected in CSF or BALF
[14, 15]. Experience of GM detection in pleural fluid, sputum,
urine, and other specimens is insufficient to formulate specific rec-
ommendations. BALF and serum are currently the only specimens
with manufacturer approval for EIA analysis.

The EIA performance of S-GM and BALF-GM testing has
been thoroughly reviewed and reassessed in recent meta-analyses
[16, 17]. The reported pooled sensitivity and specificity in hema-
tological patients is 62 and 95% consecutive positivity of §-GM,
and for BALF-GM: 82 and 92% (see Table 2). The heterogeneity
of sensitivity may be related to several factors that can influence
results, including patient characteristics [ 18], variability in the defi-
nitions of IPA [19, 207, different cutoft of OD values of GM used
in BALF [15, 21, 22], administration of mould-active antitfungal
drugs [23-25], presence of neutropenia [24, 26, 27], and finally
standardization of BAL procedures [28]. GM EIA specificity may

Table 2
Diagnostic accuracy of galactomannan (Platelia Aspergillus EIA) test for
IA diagnosis

Meta-analysis SEN (%) SPE(%) NLR PLR
Serum Arvanitis eral. [17] 62 05 0.40 12.1
BALF Heng et al. [16] 82 92 0.19 109

SEN pooled sensitivity, SPE pooled specificity, NLR negative likelihood ratio, PLR
positive likelihood ratio
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1.2 Materials

Table 3
Possible causes of galactomannan test false positivity (Platelia
Aspergillus EIA)

Treatment with beta-lactam antibiotics (e.g., piperacillin—tazobactam)
Plasma-Lyte solution administration

Patients with graft versus host disease

Bifidobacterial lipoglycan (present in human gut, especially in neonates)
Gastrointestinal tract mucositis

Patients with multiple myeloma

Contamination of sample during processing

be limited by the false positivity caused by numerous factors,
including cross-reactivity with certain beta-lactam antibiotics and a
Plasma-Lyte solution [29, 30]. These factors are listed in Table 3.

In the commercial kit, there is a pretreatment step with an
ethylenediaminetetraacetic acid (EDTA) solution which is heated
in order to precipitate proteins and break up immune complexes.
This may reduce the activity of the GM acid labile furanosyl side
chains, and some galactofuranosyl moicties of glycoproteins may
also be lost in this step [3]. It has been suggested that a microfiltra-
tion concentration step can be used to increase analytical and clini-
cal sensitivity [31]. Certain authors have described problems with
the reproducibility of the assay [32].

All procedures strictly correspond to the manufacturer‘s instruc-
tions [33].
1. Microplate (12 strips of 8 wells cach) coated with antiGM
MoAb.
2. Concentrated washing solution (Tris—NaCl bufter, 1 % Tween®
20, 0.01 % thimerosal).
. Positive, cutoff and negative control serum (freeze-dried
human serum).

4. Conjugate (antiGM MoAb/peroxidase labeled with 0.01%
thimerosal).

W

a1

. Sample treatment solution (EDTA acid solution).

6. Tetramethylbenzidine (TMB) substrate buffer (citric acid and
sodium  acetate, 0.009%  hydrogen  peroxide, 4%
dimethylsulfoxide).

7. Chromogen TMB Solution (90% dimethylsulfoxide solution
with 0.6% TMB).

8. Stopping solution (1.5 N sulphuric acid).
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The test is performed on serum and BALF (see Note 9). Collect
samples according to standard laboratory procedures. Unopened
samples can be stored at 2-8 °C for up to 5 days (for serum) or 1
day (for BALF) prior to testing. For longer storage, keep the serum
at =70 °C and the BALF at -20 °C or less. Serum samples and
BALF can be subjected to a maximum of four freezing—thawing
cycles.

All control sera must be processed at the same time as samples.

1.

(98]

o o

[95]

a

o]

Pipette 300 pL of each test material and control into individual
1.5 mL polypropylene tubes.

. Add 100 pL of treatment solution to each tube.

. Mix tubes thoroughly with vigorous mixing or vortexing to

blend thoroughly. Tightly close the tube to prevent opening
during heating; use a cap lock for snap cap tubes.

. Heating of tubes

(a) Heat block option: heat tubes for 6 min in a heat block at
120 °C (recommended are Grant block). Tubes must only
be placed in the block when the prescribed temperature is
reached.

(b) Water bath option: heat tubes for 3 min at 100 °C.

. Carefully remove hot tubes from the heat block or the boiling

water bath and place in a centrifuge. Centrituge tubes at
10,000 x4 for 10 min.

. The supernatant is used for GM antigen detection.

. Prepare washing solution and controls.
. Prepare a chart for identification of test samples and controls.

. Add 50 pL of conjugate to each well. Next, add 50 pL of

supernatant to cach well as designated above.

. Cover plate with plate sealer or other means to prevent evap-

oration, ensuring that the entire surface is covered and
watertight.

. Incubate microplate in a dry microplate incubator for

90+ 5 minat 37 °C (1 °C).

. Remove the plate sealer. Aspirate the contents of all wells into

a waste container (containing sodium hypochlorite). Wash the
plate five times using a minimum of 800 pL of washing solu-
tion. After the fifth wash, invert the microplate and gently tap
on absorbent paper to remove remaining liquid.

. Rapidly add 200 pL of chromogen TMB solution to each well,

avoiding exposure to bright light.

. Incubate microplate in the dark at room temperature (18-25 °C)

-
e

for 30 +5 min.
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9.

10.

1.3.4 Interpretation 1.

of Results

1.4 Notes 1.

. According to manufacturer recommendations, a positive result

(o8]

o

10.

Add 100 pL of stopping solution to each well, utilizing the same
order for addition of chromogen TMB solution. Mix well.

Read the optical density of each well at 450 nm (reference filter
of 620/630 nm). Microplates must be read within 30 min
after adding stopping solution.

Calculate a validity criteria and then an index for each test
sample.

. [P=0D sample /mean cutoft control OD.

. Samples with an IP<0.50 are considered to be negative for

GM antigen.

. Samples with an IP >0.50 are considered to be positive for GM

antigen, but for the BALF this point is debatable (see Notes
3-6,8and 11) [15, 21, 22].

Strictly comply with proposed protocol.

tor S-GM and BALF-GM is >0.50 IP.

. For clinical practice use there are both ECIL (European

Conference on Infections in Leukemia) recommendations for
S-GM positivity: A single positive GM ot > 0.7 IP or two con-
secutive samples ot >0.5 IP and for BALF-GM positivity: 1 sam-
ple of 0.5 1P and EORTC/MSG recommendations for S-GM
positivity: Two consecutive samples of >0.5 IP and for BALE-GM

positivity: 1 sample of >0.5 IP [13, 20].

. In case of isolated S-GM positivity, mainly in patients without

risk factors for IA (neutropenia, corticotherapy, etc.), it is nec-
essary to consider possible false positivity (see Table 3).

. A lower clinical utility and false negative S-GM test is possible

among patients treated with antifungal prophylaxis affecting
Aspergillus spp. (posaconazole, voriconazole or echinocan-
dins). In this case, a BALF-GM examination may be
advantageous.

. A negative test cannot rule out an IA diagnosis. Serum samples

from patients at risk for IA should be tested twice a week.

. The performance of the Platelia™ Aspergillus EIA has not been

evaluated with neonatal samples.

. The Platelia™ Aspergillus EIA may be affected by reduced

detection of GM in patients with chronic granulomatous disease
(CGD) and Job’s syndrome.

. The Platelia™ Aspergillus EIA has not been evaluated for use

with plasma or other sample types such as urine or CSF.
Other genera of fungi such as Penicillium, Alternavia,
Paccilomyces, Geotrichum, and Histoplasma have shown
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reactivity with rat, EBA-2 MoAb used in the assay for
Aspergillus GM detection. Histoplasmosis should be consid-
ered in endemic areas including parts of the United States.

11. The BALF sample results from non-immunocompromised
patient should be interpreted with caution.

2 1,3-Beta-p-Glucan Detection

2.1 Introduction

The glucose polymer 1,3-beta-p-glucan (BDG), a major cell wall
component of most fungal species (with exception of zygomycetes
and Cryprococcus spp.), is released in blood and tissues in the course
of IFD. Measurement of BDG levels is based on activation by BDG
of factor G of the coagulation cascade in the amoebocyte lysate
trom the horseshoe crab, which leads to quantifiable transtorma-
tion of a chromogenic substrate [34]. Four commercial BDG anti-
genemia assays are available (Fungitell, Fungitec-G, Wako, and
Maruha) with similar accuracy for the diagnosis of IFD in hemato-
oncological patients [ 35 ]. The kits ditfer in the source of the amoe-
bocyte lysate from the horseshoe crab, Limulus polyphemus
(North-America) or Tachyplens tridentatus (Japan). This results in
different reactivities for BDG detection and cutofts for defining
positivity of tests: Fungitell 60-80 pg/mlL, Fungitec-G 20 pg/
mL, Wako and Marhua 11 pg/mL. The Fungitell assay has been
approved by the Food and Drug Administration (FDA) and is
available in the United States and Europe; the other three tests are
available only in Japan. The screening performance of serum BDG
in patients with IFD has been evaluated in the recent meta-analysis
of prospective cohorts studies with the pooled sensitivity, specific-
ity, positive likelihood ratio, negative likelihood ratio, and diagnos-
tic odds ratio (DOR): 75 %, 87 %, 5.85,0.30,and 19.53, respectively
(see Table 4) [36]. In another recent meta-analysis, the BDG assay
diagnostic performance in proven/probable IFD was better with
two consecutive than one single positive test result (DOR: 111.8

Table 4
Diagnostic accuracy of 1,3-beta-p-glucan test (Fungitell assay) for IFD
diagnosis

Study SEN SPE NLR PLR
Serum  Hou eral. [36] 75% 87% 0.30 5.85
Study SEN SPE NPV PPV
BALF Mutschlechner et al. [39] 79% 39% 86%  28%

SEN pooled sensitivity, SPE pooled specificity, NLR negative likelihood ratio, PLR
positive likelihood ratio, NPV negative predictive value, PPV positive predictive value
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vs 16.3) [35]. For 2 consecutive tests, sensitivity and specificity
were 49.6 and 98.9 %, respectively. Estimated positive and negative
predictive values for an IFD prevalence of 10% were 83.5 and
94.6 %, respectively. Because sensitivity is low, the test needs to be
combined with clinical, radiological, and microbiological findings.

Many issues remain open and need to be addressed in further
studies (e.g., BDG monitoring in high-risk patients, diagnostic
yield in allogeneic HSCT recipients, detection in biological fluids
other than blood, utility in follow-up of [FD). Attention should be
paid to the potential causes of false-negative results (ongoing anti-
fungal prophylaxis or therapy, pathogenic fungi not detected by
the BDG assay, such as zygomycetes and Cryprococcus, non/semi-
invasive fungal disease), and false-positive results (see Table 5).

Serum BDG appears to be a good marker tor Preuwmocystis
pneumonia (PCP). The recent meta-analysis showed high diagnos-
tic accuracy of the BDG assay for PCP with the pooled sensitivity
96 %, specificity 84 %, and DOR 102.3 [37]. Because the sensitivity
for PCP is particularly high, the BDG assay can be used as a screen-
ing tool tor PCP.

Rose et al. retrospectively studied and evaluated the utility of
BALF-BDG for the diagnosis of IFD in a large unselected
population of high-risk patients [38]. BALF-BDG was 100 % sensi-
tive for Pneumocystis. For all IFD, BALF-BDG had a sensitivity of
53 % and specificity of 68 %. A prospective multicenter analysis of
the Fungitell assay was performed on BALF samples obtained from
solid-organ transplantation patients suffering from probable,
proven, or no IED [39]. Based on a 100 pg/mL cutoff per test,
sensitivity, specificity, positive, and negative predictive values were
79.2,38.5,27.6, and 86.3% (see Table 4). Although the high neg-
ative predictive value of the Fungitell assay in BALFs may support
exclusion of pulmonary IFD, the low positive predictive value

Table 5
Possible causes of 1,3-beta-p-glucan test false positivity

Thrombocyte infusion with leukocyte-removing filters
Human blood products (immunoglobulins or albumins)
Hemodialysis /hemofiltration with cellulose membranes

Beta-lactam antibiotics (e.g., piperacillin—tazobactam, amoxicillin—
clavulanate)

Severe mucositis
Cellulose dressings

Contamination of specimens by organic dust or waste at bedside or during
preanalytical or analytical processing

Bacterial infections
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limits its utility as a screening tool for early IFD diagnosis.
Identification of the BAL-specific factors that may intertere with
the performance of the assay could improve the clinical usefulness
of BALF-BDG testing.

The Fungitell assay is a protease zymogen-based colorimetric assay
for the qualitative detection of BDG in serum. The assay is based
upon a modification of the Limulus Amoebocyte Lysate (LAL)
pathway. BDG activates Factor G, a serine protease zymogen. The
activated Factor G converts the inactive proclotting enzyme to an
active clotting enzyme, which in turn cleaves pNA from the chro-
mogenic peptide substrate, Boc-Leu-Gly-Arg-pNA, creating a
chromophore that absorbs at 405 nm. The Fungitell kinetic assay,
described below, is based upon the determination of the OD rate
increase produced by a sample. This rate is interpreted against a
standard curve to produce estimates of BDG concentration in the
sample.

All procedures strictly correspond to manufacturer instructions [40].

. 96-well, uncoated microplates, with lids.

o =

. Lyophilized (1, 3)-B-p-glucan specific LAL.
; 1.2 M KCl.

. 0.2 M Tris-HCI pH 7 4.

. 0.25 M KOH.

. Lyophilized pachyman.

98]

NS

N oy oun

. Reagent water.

All laboratory materials must be glucan-free (e.g., pipette tips,
test tubes, container).

Serum samples should be collected in sterile tubes and allowed to
clot. The serum is then separated from the clot and decanted to a
container. Serum samples can be stored at 2-8 °C before assay or
tfrozen at =20 °C or colder. Testing should be conducted promptly
to avoid the possibility of sample degradation.

1. Dissolve the glucan standard with the volume of reagent water
and prepare five standards (concentration 100; 50; 25; 12.5;
and 6.25 pg/mL) (see Note 6).

2. When plotting the standard curve, multiply the concentration
of the standards by five so that the range is from 500 to 31 pg,/mL
(the volume of standard in the assay is 25 pL per well or five
times the volume of the serum).

1. The alkaline serum pretreatment reagent converts triple-helix
glucans into single-stranded glucans, which are more reactive
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2.3.4 Procedure

2.3.5 Interpretation
of Results

(98]

921

98]

in the assay. The high pH also inactivates the serine proteases
and serine-protease inhibitors in a serum that can give a false
positive and a false negative result, respectively.

. Prepare the serum pretreatment reagent by combining equal

volumes of 0.25 M KOH and 1.2 M KClI, and vortexing well.

. Transfer 5 pL of identical serum sample to at least two of its

designated wells ar least twice. Repeat this parallel testing for
each serum sample (see Notes 1-4).

. Add 20 pL of the serum pretreatment reagent to each well

containing serum.

. Agitate the plate for 5-10 s to mix the well contents (the read-

er’s plate agitation function may be used), then incubate for
10 min at 37 °C (see Note 5).

. Reconstitute one vial of Fungitell reagent by adding 2.8 mL of’

reagent water and then adding 2.8 mL of pyrosol buffer. Swirl
the vial gently to dissolve completely—do not vortex.

. At the end of serum pretreatment incubation, remove the plate

from the incubating plate reader and add the standards and
negative controls to the plate (25 pL at least twice for parallel
testing).

. Add 100 pL of Fungitell reagent to each well (containing negative

controls, standards, and samples) using the stepper pipettor.

. Insert the plate into the microplate reader (equilibrated to

37 °C) and shake for 5-10 s. Read the plate at 405 nm minus
490 nm, for 40 min at 37 °C.

. Collect the data and analyze as follows: Examine OD plots of

test samples, and check for kinetic trace patterns other than a
smooth increase comparable to those of standards. Invalidate
plots indicating optical interference. Calculate the mean rate of
OD change (milli-absorbance units per minute) for all points
between 0 and 40 min.

. The results are expressed in pg/mL of serum and range from

non-detectable (<31 pg/mL) to >500 pg/mL and are printed
out by the software or read from the standard curve. Accurate
values above 500 pg/mL require that the sample be diluted in
reagent water and retested.

. BDG values < 60 pg/mL are interpreted as negative results.

. Values >80 pg/mL are interpreted as positive. A positive result

means that BDG was detected. A positive result does not define
the presence of discase and should be used in conjunction with
other clinical findings to establish a diagnosis (se¢ Notes 7 and 8).
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. Values from 60 to 79 pg/mL suggest a possible fungal infec-

tion. Additional sampling and testing of sera is recom-
mended. Frequent sampling and testing improves the utility
for diagnosis.

. The laboratory performing the test should inform the ordering

physician that the Fungitell test does not detect certain fungal
species such as the genus Cryptococcus, which produces very
low levels of BDG. The test also does not detect Zygomycetes
such as Absidia, Mucor, and Rhizopus, which are not known to
produce BDG.

. The tissue locations of fungal infection, encapsulation, and the

amount of BDG produced by cerrain fungi may affect the
serum concentration of this analyte.

. Some individuals have elevated levels of BDG that fall into the

indeterminate zone. In such cases, additional rtesting is
recommended.

. The frequency of patient testing will depend upon the relative

risk of fungal infection.

. Positive results have been found in hemodialysis patients, sub-

jects treated with certain fractionated blood products such as
serum albumin and immunoglobulins, and in specimens or
subjects exposed to glucan-containing gauze (se¢ Note 9).

. Test levels were established with adult subjects. Infant and

pediatric normal levels approach those of adults.

. Work on lab table after disinfection with alcohol. Do not use

flow box.

. Cover plates and do not tip over or turn upside down in order

to avoid contamination of biological material.

. Avoid unnecessary movement of covered plates, and avoid

moving unnecessarily over plates, as dust particles, e.g., from
our clothes or hair, can affect test.

. Pipette sample carefully into the well, and leave a sample drop in

the well‘s upper left corner. Since pipette tip can touch the wall,
insure that all sample residue in the tip is transterred into the well.

. Handle only the side of the plate; do not touch the bottom

when carrying plates.

. Glucan standard is viscous. Pipette slowly with care, and do

not leave residues in the tip. Begin with the lowest glucan
standard concentration, and change pipette tip with each
concentration used.

. With positive results, it is necessary to provide a differential

diagnosis of IA and invasive candidiasis (GM, mannan, and
antimannan ).
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8. With extremely high levels and typical clinical and radiological
(pulmonary X-ray/HRCT) findings, it is necessary to consider
Pneumocystis pneumonia.

9. With an isolated positive value of serum BDG in patients with
low risk of TFD, it is necessary to consider possible false positivity

(see Table 5).
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2. Habilitation Thesis Goals

Habilitation thesis objectives are divided into 2 thematic areas related to the diagnosis and

treatment optimization of IFD and COVID-19 in hematological patients.

IFD diagnosis in hematological patients is, as previously ascribed, generally very difficult, and
late conventional microbiological and radiodiagnostic methods are insufficiently sensitive. IFD
diagnosis is therefore primarily based on prespecified pathological imaging results, most
frequently lung CT, combined with serological detection of fungal cell wall antigen in defined
material or detection of a fungal pathogen in sterile material using culture, histological, or, more
frequently, PCR procedures. As a co-author, the applicant, as noted in Chapter 3.1, participated
in an international survey on the importance of pulmonary CT performed at the onset of

hematological disease in A diagnosis.

Epidemiological data, diagnostic and treatment procedures, and their effectiveness both at the
local, national, and international levels cannot be evaluated without voluminous high-quality
data from actual clinical practice. Within the Czech Republic, the applicant worked with the
Institut of Biostatistics and Analyses (IBA), a spin-off company of the Masaryk University
(MU) Brno, to create FIND, an IFD database for hematological patients, and published several
works describing entered data analysis. The FIND database is detailed in Chapter 3.1.

Azole plasma level monitoring is an integral part of IFD treatment optimization in connection

with effectivity and toxicity. This issue is summarized in Chapter 3.1.1.3. of Annex 14.

Since the beginning of the 20th century, serological diagnostics of fungal cell wall antigens
have been the main tool and fundamental objective for [IFD management optimization among
immunocompromised patients. Throughout her professional career, the aspirant has been
predominantly committed to improving IA diagnosis using GM and IFD diagnosis by generally
using the common marker BDG from both serum and fluid obtained from BAL. Significantly,
the applicant worked with the Center of Molecular Biology and Genetics (CMBG) at IHOK
MU Brno to optimize IFD diagnosis in various body materials using PCR methods, where new
methods were subsequently designed and incorporated into real clinical practice. Based on the
candidate's numerous years of work in this field, she was the first author or co-author in a
number of papers describing, among other matters, factors affecting diagnostic test performance
in connection with possible false positives. These results are recorded described in Chapters

3.2.,3.3.and 3 .4.
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Relating to the coronavirus SARS-CoV-2 pandemic, the aspirant's home workplace under the
leadership of Professor Jiti Mayer became a pilot center initiating several local and national
projects focusing on epidemiology, diagnostics, clinical course, treatment and prognosis of
COVID-19, predominantly among hematological patients. In March 2020, one of the initial
studies during Czech Republic’s first pandemic wave was the interdisciplinary prospective
observational questionnaire-based project COVID-JMK-20, which through telemonitoring
described the COVID-19 course among the general population and illustrated the relationship
between symptomatology and viral load, and complicated individual dynamics. This
undertaking was published with the applicant credited as the primary author. Throughout the
pandemic, severe COVID-19 high incidence, prolonged and recurrent infections requiring
frequent re-treatment with antiviral, remdesivir -- initially in combination with convalescent
plasma (CP) with a high titer of virus-neutralizing antibodies and a frequent solution to
anticancer treatment modification -- were on our regular agenda. Despite all efforts, however,
high COVID-19 mortality still persists in hematological patients. With the candidate's
contribution as a primary author, we have published two papers on this topic in IF journals. The
first study evaluated infection course and the effectiveness of early treatment with a
combination of remdesivir and CP in hematological patients with COVID-19. The second
multicenter prospective project analyzed the effectiveness of monoclonal SARS-CoV-2
neutralizing antibodies early administration in COVID-19 positive hematology patients at
Czech hematology centers during the beginning of 2021. Analysis of immense epidemiological
data, COVID-19 course and prognosis first in all hematological patients, then in the group of
patients after treatment with Chimeric Antigen Receptor T cells (CAR-T), and finally from the
group of hematological patients vaccinated against SARS-CoV- 2 were evaluated. Our

endeavors focusing on COVID-19 issues are summarized within the adept of Chapter 4.1.
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3. Invasive Fungal Diseases in Immunocompromised Patients

3.1. Invasive Fungal Infections — Optimization of Diagnostics and Treatment
CT as the Gold Standard in the IFD Diagnosis

The IFD diagnosis is very complex, determining its probability in immunocompromised
individuals on the basis of host, microbiological, and clinical criteria [15]. In recent years, there
has been significant progress in this area, diagnostic methods improvement, and thus a
significant reduction in time to final diagnosis and treatment initiation. Non-culture-based
methods for fungal antigen detection, both serological and PCR, and their optimization are
discussed in separate Chapters 3.2., 3.3. and 3.4. Lung CT has become a clinical criterion
representing an inseparable gold standard in the number of pulmonary IFDs diagnoses,
especially IA and invasive mucormycosis. Conventional imaging methods (X-ray of the lungs)
provide late and non-specific information [15, 24, 35]. CT also has an evident place in treatment
effectiveness monitoring [36]. The applicant actively participated in the form of a co-authored
publication on mapping lung CT importance in an IPA diagnosis at the time of hematological

disease onset in high-risk patients, which is part of Annex 12 in Chapter 3.1.1.1.
IFD Database - FIND (Fungal INfection Database)

IFD diagnosis and treatment optimization with the aim of improving patient care in the Czech
Republic and accelerating research in this area cannot be imagined without quality data and
cooperation at both the local, national, and international levels. The aspirant's workplace has a
well-established close multidisciplinary collaboration of clinicians with colleagues from
CMBG, microbiologists, pathologists, pharmacologists, and biochemists within the Working
Group for Opportunistic Infections at IHOK. At the national and transnational level, CELL
brings together specialists in opportunistic infections among hematological patients. The results
of this cooperation are presented annually at a meeting of experts within the Workshop for
Opportunistic Infections and the Mycological Pre-Workshop. IFD cases diagnosed in
hematological patients at Czech and Slovak hematology centers are recorded in the "FIND"
(Fungal INfection Database). This database was created on behalf of CELL, the "Opportunistic
Infections in Hematooncology Patients" project, and is the largest IFD database in Central
Europe. During the database creation in 2003 -- first as an Excel spreadsheet, then in the
TrialDB system, and finally with transfer to its most modern form to the Clinical Data
Warehousing Information System (CLADE-IS) platform -- the applicant was an active

participant and is currently the main project coordinator. The professional guarantee of the
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project is enshrined on the basis of a contractual cooperative relationship between CELL and
the Czech Medical Society, the Leukemia Section of the Czech Hematological Society. The
register consists of three separate parts - FIND aspergillus, FIND candida, FIND rare fungi -
covering the entire IFD spectrum in hematooncological patients. Multicenter data collection
representing the active participation of a total of 16 hematology centers in the Czech Republic
and Slovakia ensures coverage of the maximum population sample (see Figure 2). The
maximum quality of the entered data is guaranteed by exclusive representation of the center
data with their validation by the joint CELL data manager. The project monitors
epidemiological and demographic data and standardizes and compares diagnostic and treatment
procedures and their effectiveness between centers with regard to current recommendations,
long-term "follow-up" patients, including monitoring overall survival. Another integral part of
FIND is the pharmacovigilance data recording to ensure maximum safety and the best "benefit-
to-risk" ratio. Regardless of age, all patients with a diagnosis of probable or proven IA,
candidiasis, and rare IFD (dominant invasive mucormycosis) can be included in the databases.

The database currently contains over 1000 IFD cases entered since 2003.

The FIND register consists of a fully electronic database accessible via a web browser on the
CELL website: http://www.leukemia-cell.org/. In addition to the work of trained data managers,
a key part of the entire project is the basic security of the database IT (Information Technology)
infrastructure at the IBA MU Brno. Data is entered into online forms, stored, and backed up
using the EDC (Electronic Data Capture) system. No additional software requires installation
to use online data collection. EDC systems enable entrance and data viewing in real-time and
additionally effect online validation of entered data, thus achieving more efficient data quality
at the moment of introduction. All data are so-called pseudo-anonymized, ie. kept under a code
that can only identify selected personnel of the workplace where the patient is monitored and
treated. Only authorized persons have access to the database via their unique login and
password. The system is monitored by predefined validation rules to ensure controlled data
collection (eg checking the correct data format, checking limits, checking the presence of data-
mandatory items, checking logical dependencies between data). This validation system
therefore helps to eliminate data discrepancies, rendering ideal prophylaxis for statistical
analysis. All data are, therefore, carefully validated before subsequent analyzes use by both the
control system and the authorized physician-coordinator and data managers. As part of the

summary, the annual registry analyzes and, in cases of sub-analyzes, there is agreement that
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data quality is also checked using "data review" or an interactive, online search for invalid

patients.

Figure 2. Czech and Slovak Hematooncology Centers Participating in the FIND Database.
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The FIND data analysis was published with the applicant's contribution as the first author or
co-author in the form of conference abstracts at a number of international conferences and
presented orally at national hematology and infectology congresses. Analysis conclusions
became the basis for the published CELL experts' recommendations for IFD diagnosis and
treatment with the candidate contribution as a co-author. Ultimately, the aspirant participated
as co-author in a comprehensive analysis of invasive aspergillosis cases chronicled in FIND
among patients with hematological diseases diagnosed and treated in the Czech Republic and

Slovakia published in an impact journal (Annex 13 in Chapter 3.1.1.2).
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IFD Treatment Optimization-Plasma Azole Antifungal Levels Monitoring

As part of IFD treatment optimization, the applicant was co-investigator with the grant of the
Ministry of Health of the Czech Republic-IGA NS10441-3 /2009 - Monitoring of voriconazole
plasma levels (2009-2011). Our work output was an extensive retrospective study evaluating
the results of monitoring voriconazole plasma levels in hematological patients treated at 3 large
hematology centers in the Czech Republic during the years 2005 to 2010. Work conclusions
recognized significant inter-and intra-patient variability of measured concentrations. With the
exception of omeprazole, there was no relevant relationship between measured voriconazole
concentrations and drug dose, route of administration, age, gender, CYP2C19 * 2 genotype,
gastrointestinal abnormality, nasogastric tube feeding, serum creatinine, and liver enzymes.
However, analysis per patient revealed a significant role for the individual dose of voriconazole
and the change in dosage form to a measured plasma concentration. Measured voriconazole
concentrations did not correlate with the outcome of IA treatment. The applicant participated

in the publication as a co-author (Annex 14 in Chapter 3.1.1.3).

Azole plasma levels monitoring in relation to treatment response and toxicity has recently
become a routine part of IFD treatment and has been included in the recommendations for IFD

treatment by international panels of experts [25, 27, 29].

IFD diagnosis and treatment optimization in order to improve the prognosis of
immunocompromised patients is further detailed in the following journal publications and book
chapters with the applicant in the role of author or co-author (sorted chronologically in
ascending order). Three selected publications are part of Chapter 3.1.1. Annexes to Chapter 3.1.
(Annexes 12 to 14 sorted thematically):

- Weinbergerova B., Racil Z., Kocmanova 1., Lengerova M., Bohata S., Moulis M.,

Mayer J. Diseminovana invazivni aspergiléza uspéSné¢ lé€end kombinovanou
antimykotickou terapii — kazuistika. Mimorddna priloha Postgradualni mediciny:
Novinky a specifické aspekty v léecbé invazivnich mykotickych infekci. Postgradualni
medicina: odborny casopis pro lékare. 2008; 10:19-24. ISSN 1212-4184.

- Weinbergerova B., Winterova J., Racil Z., Kocmanova 1., Lengerova M., Moulis M.,

Mayer J. Vyznam méfeni plazmatickych koncentraci vorikonazolu pro monitorovani
jeho 1écebného efektu a moznych projevu toxicity — kazuistika. Mimoradna priloha

Postgradudalni mediciny: Novinky a specifické aspekty v lécbé invazivnich mykotickych
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infekci. Postgradualni medicina: odborny casopis pro lékare. 2008; 10:19-24. ISSN
1212-4184.

Racil Z., Malaskova L., Kocmanova 1., Weinbergerovéd B., Lengerovd M., Winterova

J., Mayer J. Vyznam méteni plazmatickych koncentraci vorikonazolu a posakonazolu.
Mimoradna priloha Postgradualni mediciny: Novinky a specifické aspekty v lecbe
invazivnich mykotickych infekci. Postgradualni medicina: odborny casopis pro lékare.

Med. 2008; 10:45-51. ISSN 1212-4184.

Racil Z., Winterova J., Kouba M., Zak P., Malaskova L., Buresova L., Toskova M.,

Lengerova M., Kocmanova I., Weinbergerova B., Timilsina S., Rolencova M.,

Cetkovsky P., Mayer J. Monitoring trough voriconazole plasma concentrations in
haematological patients: real life multicentre experience. Mycoses. 2012;55(6):483-492.
ISSN 1439-0507. (see Annex 14 in Chapter 3.1.1.3.)

Racil Z., Weinbergerova B., Kocmanova 1., Muzik J., Kouba M., Drgona L., Masarova
L., Guman T., Tothova E., Forsterova K., Haber J., Ziakova B., Bojtarova E., Vydra J.,
Mudry P., Foralova R., Sejnova D., Mallatova N., Kandrnal V., Cetkovsky P., Mayer J.
Invasive aspergillosis in patients with hematological malignancies in the Czech and
Slovak republics: Fungal InfectioN Database (FIND) analysis, 2005-2009. Int J Infect
Dis. 2013;17:e101-e109. ISSN 1201-9712. (see Annex 13 in Chapter 3.1.1.2.)

Chrenkova V., Hubka V., Cetkovsky P., Kouba M., Weinbergerova B., Lyskova P.,

Hornofova L., Hubacek P. Proven Invasive Pulmonary Aspergillosis in Stem Cell
Transplant Recipient Due to Aspergillus sublatus, a Cryptic Species of A. nidulans.
Mpycopathologia. 2018;183(2):423-429. ISSN 1573-0832.

Stemler J., Bruns C., Mellinghoff SC., Alakel N., Akan H., Ananda-Rajah M., Auberger
J., Bojko P., Chandrasekar PH., Chayakulkeeree M., Cozzi JA., de Kort EA., Groll AH.,
Heath CH., Henze L., Jimenez MH., Kanj SS., Khanna N., Koldehoff M., Lee D., Mager
A., Marchesi F., Martino-Bufarull R., Nucci M., Oksi J., Pagano L., Phillips B., Prattes
J., Pyrpasopoulou A., Rabitsch W., Schalk E., Schmidt-Hieber M., Sidharthan N., Soler-
Palacin P., Stern A., Weinbergerova B., El Zakhem A., Cornely OA., Koehler P.

Baseline Chest Computed Tomography as Standard of Care in High-Risk Hematology
Patients. J. Fungi. 2020;6(1):36. doi: 10.3390/jof6010036. ISSN 2309-608X. (see
Annex 12 in Chapter 3.1.1.1.)
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3.1.1. Annexes to Chapter 3.1.
3.1.1.1. Annex 12

Stemler J., Bruns C., Mellinghoff SC., Alakel N., Akan H., Ananda-Rajah M., Auberger J.,
Bojko P., Chandrasekar PH., Chayakulkeeree M., Cozzi JA., de Kort EA., Groll AH., Heath
CH., Henze L., Jimenez MH., Kanj SS., Khanna N., Koldehoff M., Lee D., Mager A., Marchesi
F., Martino-Bufarull R., Nucci M., Oksi J., Pagano L., Phillips B., Prattes J., Pyrpasopoulou A.,
Rabitsch W., Schalk E., Schmidt-Hieber M., Sidharthan N., Soler-Palacin P., Stern A.,
Weinbergerova B., El Zakhem A., Cornely OA., Koehler P. Baseline Chest Computed
Tomography as Standard of Care in High-Risk Hematology Patients. J. Fungi. 2020;6(1):36.
doi: 10.3390/j0f6010036. ISSN 2309-608X.

IF = 5,816 in 2020; MICROBIOLOGY Q1, MYCOLOGY QI; 5 citations according to WOS

or Scopus, without self-citations

(Listed "in extenso" in a separate book: Appendices "In Extenso" to Habilitation Thesis)
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3.1.1.2. Annex 13
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Antalungal treatment

Otdeckives; Te evaluate risk factors, diagnostic procedures, and treatment outcomes of invasive
aspergillosis [IA) in patients with hematological malignancies,
Methods: A retrospective analysis of data from proven/probable 14 cases that ooowmed from 2005 o
2004 at 10 hematology centers was performed,
Results: We identified 176 1A cases thal mainly occumed in patients with acute leokemias (58.5% ),
masthy those on incuctionfresinduction treatments [39.8%) Profonged meutropenia was the maost
Frequent risk factor for DG 4% The fungs were e mosn Treguently alleced site (93,83 and comgrined
tomagraply detected abmonmalities inoall episodes; however, only 53.7% of pattents had Eodings
suggestive of A Galactomannan (GM) detection in serum or brenchoabveslar lavage Aukd | pesitive in
TH1E and 78.8% of episedes, respecovely ) played a crucial role in 14 diagnosis. Meutrophil count and
anmfungal prophylaxis did not infleence the GM positivity rare, but empirical therapy decreased this rate
(in serum) OF the 1A cases, 532% responded to initial antfungal therapy. The combination of
voriconazole and echinocandin, even as initial or salvage therapy, did not perform better than
variconazele monotherapy {p= 0524 for inital therapy and p =0.205 for zalvage therapy ), Mewtrophil
recowery had a significant robe in the response to initial (bue not salvage) antifungal therapy.,
Conchesions: Dur retrospective analysis identified key diagnostic and treatment charmcteristics, and this
understanging could improve the management of hematelogical malignancy patients with 14

@ 2012 Pubdished by Elsevier Ll on behall of Internationa] Saciety for Infections Diseases,

1. Introduction

decades, with invasive aspergillosis (1A} being a predominant
infection.' The incidence of this infection can vary and is mainly

Invasive fungal diseases [IFD) are an important cause of
maorbidity and mortality in patients with hematological diseases. '
The epidemiclogy of IFD in this group of severely immunocom-
promized patients has changed substantially during the last two

L Enlw_&prmdl.ng aushar, Tel,; +420 G0 5644011
E-mmd adaress: rracl@mbenece (2 Bacil ).

based on the underlying hermatological malignancy: it can reach up
o 100 among patients undergoing treatment for acute lewkemia oo
allogeneic  hematopoietic stem cell transplantation  (H5CT).”
However, there have been several key advancements over the
past decade that have significantly improved not only the
diagnosis (widespread availability of high-resolution computed
tomography ( HRCT] and non-culture based diagnostic tools, such
as the detection of galactomannan (GM)), but also treatment

TR0 8-9T712/836 04 - see front rmatber @ 3017 Published by Elsevier Lid an beball of Enternstzonad Seciety for Infections Daseases.

lamp: i ok org! 10,100 6/].iEd. 201 208004
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options (availability of new antifungal drugs, e.g., voriconazole and
echinocandins] of |A. These events have led to the recently
reported improvement in the prognosis of patients with this lite-
threatening infection™*® Moreover, several observational regis-
tries in Europe, as well as worldwide, have been created with the
goal of collecting real world data regarding incidence, risk factors,
andl treatment outcomes of patients with 1845

In this multicenter study, we report data from LA episodes that
oecurred in patients with hematological malignancies, These data
were retrospectively collected from the Fungal InfectioN Database
{FIND, which holds data from almest all hemarology centers in the
Czech and Slovak republics, The aim of this study was o analyze
the risk factors. diagnostic procedures, and treatment ourcomes
from the largest cohort of 1A episodes in Central Europe puhlished
to date,

2. Methods
2.1, Design

Thirteen hematology centers in the Czech and Slovak republics
participate in the FIND project. The database comsists of
retrospectively collected data of proven and probable [A cases
that oceurred between 2001 and 2009, as well as a prospective
collection of cases from 2010 cowards,

This study was conducted by performing an analysis of proven
and probable 1A cases that ocourred beiween January 1, 2005 and
December 31, 2009, which had been retrospectively entered as
electronic case report forms by 10 of 13 participating centers
[seven adult and three pediatric centers). The distribution of
episodes during this time period was not uniferm and was mainly
dependent on the extension of non-culture-based diagnostic
techniques [e.g, GM detection) among centers. Therefore, the
number of episodes in individual time intervals does not reflect the
real incidence of infection. Forty-one percent of cases entered into
the database and analyzed occurred between 2005 and 2007, 59%
between 2008 and 20049,

2.2 Case identification

Cases were identified in participating centers by reviewing the
patient charts as well as laboratory, microbiology, and imaging
results. Pathology reports from autopsies were also used. All
wlentified episodes of 14 during the observation period were
included in the database.

The variables collected in the electronic case report forms
included the subject's demographic characteristics, underlying
hematological malignancy and treatment, clinical signs and
symptoms, and the results of microbiological and histological
investigations, as well as results of imaging studies, information
regarding the wse of mold-active anbtifungal prophylaxis amd
empirical antifungal treatment, targeted antifungal treatment and
outcomes, neutrophil counts at the time of diagnosis as well as
before and after each antifungal treatment, and finally paticnt
survival, Due to the retrospective design of this study, a patient’s
informed consent was not required. The Institutional Review Board
of the University Hospital Brmo approved this study.

2.3 Definitions

Episodes of 1A were defined according to the 2002 European
Organisation for Research and Treatment of Cancer and Mycosis
Study Group {EQRTCIMSG) criteria,” The day of diagnosis was
defined as the day when criteria for proven or probahle I8 were
fulfilled, Empirical antifungal therapy was defined as the
atdministration of systemic antifungal treatment in patients with

persistent faver only, or in patients whao did not fulfill critenia for
proven or probable IFD at the time of treatment initiation, Targeted
antifungal therapy was started when patients fulfilled criteria for
proven or probable |A. The overall outcome of therapy, as well as
the outcome of each line of antifungal treatment. was classified
aceording o published EQRTC/MSG recommendations,” The effect
of therapy was svaluated only if the targeted antifungal therapy
lasted at least 5 days. An independent, blinded evaluation of all the
entered data was performed by a review board at the main study
center, with special consideration to the fulfillment of EDRTC/MSG
criteria for the diagnosis of proven or probable 1A, as well as
[TEArment ouicone,

24, Statistical analysis

Frequency tables and standard descriptive statistics were used
for summation of the patient characteristics. Proportions were
compared with the maximum-likelihood Chi-sguare test or
Fisher's exact test. Continuous variables woere compared with
the Mann-Whitney or Kruskal-wWallis  analysis of vanance

Table 1
Baseline characteristics

Parierits

N of patsents 7R

Age. years, median (range) 56{3-77)

Sew. maleTemale. n (%) 104 {5513 )

T2 (40Aa%)

Parients disease ar baseline, o (%)

AN+ MG TA{91.5%)

ALL 317

HEIL+HIL 27 {1534

L 201 14%)

MM 12 (6.8%]

{ML-CPD 4 {2.3%)

Other 10 {5%]
Anticancer therapy during/before 14, 7 (%)

Tieductionveinduciion therapy of siure Eukemia TOINER)

Allegeneic HECT ELER R

Aurndagous. HSCT 17 {4.9%)

Other 52 {29.5%)

Mo T14.0%)
Presence of risk Lictors for development of [ n (%)

Nourrapnla <05 = 1041 for =10 days TOR {6147}

Adeministrateon of corticosteraids for -21 days Bk {20.430

Pulmonaryresparatory tract dissase m anampesis 22412.5%)

[0OPD. ere. ]

GYHD 20011 4R

Dther nsk facrors 41 {23.3%)
Murmnber of misk fachors present at diagnosis, n (%)

L1 25 {1658,

1 T 44.3E)

2 44 {2505}

>3 241388}
A episodes

No. of episodes 176
Caerfannty of ddagnadis actarding 1o EQRTCIMEG 2002 criterid, m %)

Proven Ly ETL15FE,

Prohahle 14 T (B4 TH)
Sice al infecoon, n (2}

Lung 165 {9353,

Sitwises 1 {0.6%)

Dizseminated T 4.0%)

Otheer 11.7%)

ALL acure Tymphobslastic lokemia, AML, acote myedold [eukemia: CLL cheonig
Iymphecytis leukemia: ML, cheonie myebaid leskemda; M, chronic myelopro-
liferative diseaze; {OPD, chronsc abstructive pulmonary dssease; BORTCMSC,
Eurapean (hganssation for Besearch amd Treatment of Caoncer!Mycoses Study
Groap: GYVHD, graf-versus-fost disease. HL, Hodgkin lynsploma; HSCT, hemato-
poietic stem cell iransplantarion; 14, invasive asperglilosis; MDS myelodysplastic
syndrame; MM, multiple mysloma; NHL, nen-Hadgkin lrmapkama,

89



Z Baotl e al fintermatiosial fou ol of Infecticos Disegsey |7 (2001} ¢ [0 -p10%

[AMOVA) test, as appropriate. The probabilities of overall survival
were estimated using the Kaplan-Meier method, and a comparison
of survival in the groups of patients was performed using a log-
rank test. The point estimates were supplied with 95% confidence
intervals [C1). A level of statistical significance o = 0.05 was used in
all analyses. For the analysis of the role of neutrophil count at the
defined time points in the efficacy of antifungal treatment, patients
were divided inte three groups: those with a neutrophil eount
<01, 0.1-1.00 and =1.0 < 10%1 Analyses were performed using
statistical software SP35 12.0.2 for Windows (5P55 Inc., 2003) amd
STATISTICA 9.0.1 for Windows (StatSoft, Ine, 20007,

3. Results
3.1, Characteristics of patients and episodes of {4

During the study period [2005-2008), 176 episodes of 14
occurring in 176 patients were identified: 27 ( 15.3%) proven and
149 (84.7% ) probable. Patient characteristics are shown in Table 1.
Acute leukemias represented the majority of the underlying
hematological diseases [(585%) and induction or re-induction
treabment for acute leukemia {but not allogeneic HSCT) repre-
sented the most frequent anticancer treatment { 38,35 ), Therefore,
patients with active acute leukerma during the first induction or
salvage therapy represented the typical population of hemato-
foglcal malignancy patients with the highest risk of 1A Based on
these data, it is not surprising that the most commeon classical risk
factor identified in 61.4% of IA episodes was profound and

Tahie 2

103

prolonged neutropenia (Table 1) The lung was the most
commaonly affected site [93.8%), with 21 [(12.0%) proven and
144 [(81.8%) probable episodes. In addition, disseminated and
solated extrapulmoenary infections were rare [4.0% and 2.3%,
respectively

3.2 Signs of infection

Our of the 176 patients with 14, 136 {77.3%) had fever at the
time of diagnosis, with a median duration of & days before
diagnosis (range 0-53 days before diagnosis: interquartile range
{IQR) 3-11 days hefore diagnosis). Moreover, 54,0% of patients
with 14 fulfilled criteria for persistent fever despite the adminis-
tration of broad-spectrum  antibiotics for 5 days. Out of
165 patients with invasive pulmonary aspergillosis [IPA), 125
[75.8%) exhibited at least one sign that was sugmestive of
pulmonary disease, which developed within 3 median of 5 days
befare diagnosis {range 0-35 days; 1QR 2-9 days). The spectrum of
these signs is shown in Table 2.

2.3. Diggnostic procedures

330 Toging studies

Achest X-ray was performed at the time of diagnosis in 132/165
[92.1%) patients with IPA, However, abnormalities were only
identified In 73.0% of those padents, Moreover, the most
commonly observed abnormality was a non-specific infiltrate
{44.7%) [Table 2}, In contrast, chest HRCT, which was performed

Climical manifestanons nd results of diagnosts resrs s the nme of diagnoss of invasiee aspergilless

Clinical manifestarions ar tls time of dexgnesis, all parients (N=176) o (%)
Fever =380°C
Fever not responding to & days of antibiotics
Mesence of argan-specific clinical sympdons
Climical signs in patients with 1PA (o= 1651 n (%]
ANY SYMpEHM
Cough
Dy=prea
Chedt pain
Homoptyses
ather
Chest X-ray aboormalery in patients with IPA (n=152)" n (%)
Any abmormaking
Mon-speclic idilrace(s)
Hodudeds)
Interstitial process
Plewral effusan
Cavitation{s}
Orher
Chest high-respdution T abnormaliy i patients with IPA (n=1491 0 135
Any abnormality
Predominant shnormality
Hum-spealic infiltrate] =)
Hale sign
Macronndules) =1 om
Catation
Micronogdule(s] <1 ¢
Tleral effusian
AT CTescent skgn
Laboratary test resulis at the tme of diagnosi=. all patients, o (%)

Serum galactomannan pasitive [tonsecative index of positivaty =035 n=172]"

Serumn {1 —3)-Po-glutan positive [singhe value =80 pglml] (r= 447
Myralogical examination, mecrosoopy positie [all materials) (n=711
Mycalagical examimation, culture positive {2l matenals) (n=51]*
Histology positive (all matenials} (a=12]"

BAL Muid examimatbon in patients with 1P, 0 (%)
Flycological examination, miroscopy positive [n=497
Miycolegical examination, culiure positiwe {n =48}
BAl. luid galactomannan posstive (index of positivity =415} (= G6]"

136 (77.37)
a5 (54.0%)
134 (76.1%)

125 (75.8%]
9 (41,11
17 (224%)
11(E7%)

2(12%)
(16

111 §73.0%)
GE (441.7%]
36 (23,7%)

{07
1(0.7%)
{075
4 (26%)

149 { 1008)

BT (46.3%]

4 (26.8%)
17 (711,4%)
9 (BAK)
B (3.4%])
5(34%)
1(0.7%)

134 (79.1%)
36 (81.8%]
a(12.7%|
24 (2T
(66|

5 (10.2%]
A (18.8%]
52 (74.8%)

BAL hronchoalvealar lavage; CT, computed tamography: IPA invasive palmonary aspergilicsis

* Cakcnlated only for patbents for whom the test was performed.

90



el . Raeil = el [intermatona journo of Infeciions Disegvay 17 (2003} ef0d-el0%

in 149/165 (90.3%) patients with 1PA at the time of diagnosis
(2005-2007, B7.8% ws. 2008-2009, 90.2%, p = 0.620), detected an
abnormality in all of these patients. Interestingly, the most
frequently observed abnormality on these early HRCT scans was a
non-specific infilirate (46.3% ). Signs that are more specific for IFD,
such as a halo sign, nodules, or cavitations, were seen substan-
tially less fregquently (Table 20 There was no statistically
significant difference in the frequency of individual abnormalities
on HRCT scans berween patients with neutropenia (neutrophils
<100 10710 and those withour (p=0378),

332, New-culture dingnostic fechniques—serum

The GM test was performed at all centers for screening {2-3
times per week) in high-risk patients (e.g, patients receiving
induction for acute leukemia or undergeing allogeneic HSCT)
and on request in all other patients with abnormalities an
imaging studies. GM assessment of at least two serum samples
was performed in 172/176 [97.78) patients with 1A (2005-2007,
O5.9% vs. 2008-2009, 99.0%, p = 0.176). Using the criterion of an
index of positivity 0.5 from two consecutive serum samples as
a positive test result, we found the test positive in 79.1% of
tested episodes (Table 2), and a positive result of the GM assay
[consecutive positivity ) preceded the final diagnosis of 1A by a
median of 2 days (range 0-34 days; 10R 1-4 days). The rate of
positive test results was not influenced by the neutrophil count
at the time of diagnosis (p=0.426) or by the administration of
medd-active antifungal prophylaxis (p=0.854L In contrast,
empirical antifungal therapy using a meld-active antifungal
drug at the time of diagnosis of 1A significantly decreased the
proportion of positive GM test results in serum compared to
patients not receiving the treatment (67 vs, B8%, respectively;
p=0001). The median serum GM index of positivity level at the
time of 1A diagnosis was 1.28 (range 0.11-11.46), The detection
of 1—3-P-o-glucan (BG) was available at only one center, and
therefore the tést was performed in only 447176 (25.0%)
patients. A positive test result (BG concentration =80 peiml
from a single serum sample as the cut-off] was recorded in 81.8%
of these patients (Table 21

3.3.3. Mycological examination

Histological examination, microscopic evaluation, and cultures
of any relevant clinical specimens were performed in 12/176
(6.8%), 710176 (40.3%), and 31/176 (46.0%) patients with 1A,
respectively, However, with the exception of the histological
examination, which was positive in 66.7% of a very limited number
of samples obiained by biopsy, the rate of positive resulis of the
other two conventional techniques was very low [ 12.7% and 29.6%,
respectively) (Tabhla 2}

Aspergillus fumigatus represented 19724 {7028} identified
isolates, followed by Aspergilius fovaes 124 (4287, Aspergillus niger
1724 {4.2%), Aspergillus terreus 124 (4.2%), and other Aspergillus
specios 2/24 (8.3E)L

334 Bronchoohveolor lovoge (BAL] fuid analysis

Since [PA predominated in our patient group, BAL fluid was the
maost frequent  mycologically  evaluated material (Table 2).
However, conventional mycological technigues with a very low
frequency of positive results (10.2% microscopy and 18.5% culture)
did not contribute substantially to the diagnosis of IPA in this
group of patients. In contrast, the GM assay was positive in 52 out
of 66 [78.8%] obtained BAL Auids using a cut-off valwe of 0.5, The
rate of GM assay positivity in BAL fluid was not influenced hy
reutrophil count (p=0.5807 or the adminiseration of mold-active
antifungal prophylaxis (p=0147), and in contrast to SeTUmM wWas
not influenced by empirical antifungal therapy (76% va. 81%;
p=0G07)

34, Prophylaxis and empirical treatment

Ofthe 176 patients with 1A, 44 (25.0%] had received mold-active
antifungal prophylaxis, with a median treatment time of 24 days
(range 4-227 days; 1QR 16-42 days) (Table 31 More than half of
these episodes developed under prophylaxis treatment with
itraconazole (25/44, 56.8%); however, itraconazole was also the
mast frequently used anti-mold prephylaxis at the time our study
was performed, Moreover, the azole plasma concentration before
breakthrough infection was only available in two patients.

At the time of diagnosis of 1A, 76/176 [43.2%) patients had
already received mold-active empirical antifungal treatnvent, and
the most frequently used was conventional amphotericin B [ 30.3%
of empirically treated patients) (Table 3). The length of empirical
trearment before the definitive diagnosis of 1A was short ( median 6
days, range 2-44 days, IQR 4-11 days). Therefore, this refatively
high number of empirically treated patients reflects the suspicions
of the clinician to IFD and early administration of systemic
antifungals, rather tham a higsh number of breakthrough IFD cases
during prolonged antifungal thorapy.

3.5, Antifungaol therapy

Targeted antifungal therapy for proven and probable [A was
administered in 156/176 (38.6%) patients, In additien, 71 (40.3%)
pattents received only one line of therapy. 61 (34.7%) patients
received treatment with a second-line therapy for toxicity or
failure of the previpus therapy, and 24 {13,6%) patients received
maore than two lines of antifungal therapy, Nelther the spectrum of
antifungal drugs nor their combinations used for the treatment of
14 differed between the fwo observed periods (p = 0,252, p = 0229,
and p=0622 for first line, secomd line, and further lines,
respectively].

A complete or partial response to treatment was achieved in
83156 {53.2%] patients treated with Arst-line therapy (median
length of first-line therapy 15 days, range 5-139 days, 1QR 10—
25 days). There was no substantial difference in the response
rate between the two most frequently used approaches:
voriconazole monotherapy and a combination of voriconazole
and echinocandin {61.9% vs. 61.0% respectively; p=0.8924]
(Table 4). Forty (25.6%) of the 156 patients treated with first-
line therapy received salvage therapy for failure. of this
treatment (median duration 19 days, range 5-159 days, 1QR
10-32 days). Although the number of these patients was limited,
the combination of voriconazole and echinocandin did net
provide a better therapeutic ouicome in this setting compared to
voriconazole monotherapy (p=0.205) {Tahle 4}

Table ¥
Anifungal peopbwlazs and emprical ancifungal therapy

Anti-mnled prophylacis ar the dmo of (A dignesis

Present 44 (25,0
Antifungal drug used’
lraconazale 25 (56.8%)
Variconaz e 7 (15.5%]
Pasacanazode A13,6%]
Coeventional amphotencin 8 4{91%)
Echinocandan 2 (4.5%)
Ant-mold éempirical antifungal therapy at the time of I8 diagisoss
Fresenr TH (43.2%)
Antifungal drg used*
Comventional amphotericin @ 3 (303K
Lipid formizlation of amplwotencin B 30 (26.0%)
Wiaficanazode I3017.0%]
Echinacandin 12 (15.8%)
Orher AR R Y]

14, invasive aspergillosis,
* Percentage calculabed from pasients receiving rreatment,
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Tabbe 4
Targated amtilangal cherapy —edficacy al first-line and sabvige terapy

Trearment response

L} Comphent or Srabde disease Mrograssian Mat Enown
partial response

Flrst-line therapy 154 BT (52.0%] {1281} 53 {3401 -

Yonconazale 63 39 {51.9%) B {127} 16 {25.4%)
Comhbination al schinocanifin s voronazale 41 25 (6108 3{7.3%) 13 [30.7%) -
Cansentional AME 13 4 [J.8%) 3 4 23.0%} B (462X} -
Lipsd fermwularian of AME 13 T [33.8%) 1{7.3%) 5 [38.5%) -
Erhenocandin 5 Z (2% - TITTESR) -
Gther 17 G [35.3%) 512941 B {3535}

Salwage therapy L.l 15 (37.5%) 711755} 17 (42.5%) I [2.5%}
Wiicomazale 4 T (22.2%) 3 {33.3%} 3{333%) 11L1%)
Cambination of echiracandm < yorconazale 7 4(57.1%) 7 128,51} 111435 -

Liped formulation of AME 3 1(33.3%) 1{33.3%} (REES: 3]
Other 1 H{18.1%) 1 (4.8%) 12 {57.1%) =

AME. amphotericio B,

To shorten the period of neatropenia, 97176 (55.1%] patients
received granulocyte colony stimulating factors. Granulocyte
transfusions were not used, Of the 176 patients, 10 (5.7%)
underwent surgery in addition to chermotherapy.

AL the end of all targeted treatment approaches efficacy was
evaluated. The median length of treatment was 32.5 days (range 5-
148 days, QR 17-66 days), and 105 out of 156 (67.3%) patients
responded: however, 500156 (32.1%) patlents falled amd one
patient was not evaluable. Secondary prophylaxis (mostly with
variconazele) was used In T1)176 (403%) patients with a
median length of treatment of 48 days (range 10-512 days; QR
21-78 days).

3.6 The role of neurrophils in the efficacy of antifungal treatment

There was no statistically significant difference in the percent-
age of patients with a successful treatment outcome { com plete and
partial response) at the end of all antifungal therapies based on
neutrophil count at the start of antifungal treatment (p = 0.423).
This lack of difference was also found when the role of neutrophils
at the start of the first trearment and salvage therapy and the
treatment outcome at the end of these therapies was evaluated
separately (Table 3}

In contrast, there was a statstically significant increase in the
percentage of patients who successfully responded {complete-and
partial response) at the end of all antifungal therapies with
increasing neutrophil counts at the end of antifungal treatment
[ = Q001) {Tahle 5), A substantially higher response rate was
identified in patients with neutrophil counts =10 = 1071 at the

Table 5

end of the frst-line treatment compared to patients with
neutrophil counts of 0.1-1.0 {p=0007) and <01 {p < 0001) =
10%]1. However, we did not find a role of neutrophil counts at the
end of salvage therapy in patients receiving this treatment
{p=0432) (Table 5L

Fimally, the change in neutrophil count during 1A therapy and
treatment outceme was analyzed, During frst-line treatment,
patients with a successful treatment outcome (complete and
partial response of 1A) had a significant increase in neutrophil
count (p < 0001 and p=0003, respectively). Maoreover, the
median neutrophil count in patients with a complete or partial
response increased during the treatment from neutropenic range
[« 1.0 = 10%1} to non-peutropenic range [Figure 1AL In contrast,
patients with treatment failure were persistently neutropenic
[progression of IA) or did not reveal any significant increase in their
neutrophil count during therapy {stable 1A) (Figure 1AL A similar
analysis was performed for patients receiving salvage therapy, and
no significant increase in neutrophil count was obseeved in any
treatment outcome group (Figure 1B} however. the number of
patients was limited,

3.7, Survival

The median survival inour patient group was 28.1(95% 01 15.6-
40,77 weeks, The 3- and 12-month overall survival (05) was 57.8%
[95% €1 50.5-65.1%) and 43.0% (955 C1 35.4-50,5%], respectively,
05 follows survival attributed to 1A (084), thus 1A was the
predominant cause of death during the first 3 months after
diagnosis, while other causes (mainly underlying diseases) were

Thi rale of neutrophil count ar the avar asd 81 the end of satifungal therapy m reament culoonse

Fatiends wirh sicessiil meatment taicome [eamphete oF partial reeponse) an the end of therapy (T

Mewrnophils Feeurrophals Neurmophils p-Watue"
=01 = W nI-1.0% 1071 =1 4k
Peutrophil count ar che stam al;
Any therapy (n=143) &3 EL TEIR TNFE 1423
First-fine thesapy (e 144} S0.7L 530% .4 0341
Salvage therapy® {n=30} 37.5% [ 2500 0195
Meutrophuil count ar the end o0
All rlm.'apu's {n=1318] 21.1% RO HOLEFE =IL07
First-line therapy (= 120} 1ETE 350X L <ol
Salvage therapy™ [n=31} 200 57.1% A0 0432

* The treatment sutcome vwas evalusted al the end of therapy given in the raw (Le., the end of 4]l received therapies, the end of Rrst-line therapy, or the end of salvage

Phevagy, respectively ],

* maimum-likeiihood Chi-squane ost, difference berween all thies groups according re neurrophil cownr,

“ Salvage was defined as trearmens after faibure of Grst-lne therapy.
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Figure 1. Change in peutrophil count during (A) first-line and {B) salvage therapy of invasive aspergillosis (CR complete response; PR, partial respanse; 50, stable disease ),

predominantly responsible for death in patients who survived
fonger than 3 months (Figure 24). Patients with probable [4 had
significantly betber 05 as well as survival attributed to 1A {05,)
{Figure 2B). 05 as well as 05, did not differ between cases
diagnosed during 2005-2007 compared to more recent cpisedes
[2008-2009) {05: p=0.173, 63.4% {95% (1 52.4-74.4%) vs. 52.7%
[95% C1 42.9-62.4%) at 3 months, respectively; 05, p = 0366,
T70.7% (855 (I 60.1-31.3%) vs. 60.8% (95% CI 51.0-70.6%) at
3 months, respectively )

4. Discussion

This is the largest multicenter study published to dare that has
analyzed episodes of A in hematological malignancy patients from
Central Eurape, FIND i5 a nerwork of hemarology centers that
gather and share information to improve our understanding of
epidemiology, diagnostics, therapy, and the cutcome of IFD in

hematological malignancy patients from the Crech and Slovak
republics.

QOur analysis confirmed several published and generally
accepted facts in the wview of risk factors, diagnostics, and
treatment of this infection among patients with hematological
malignancies =459 16

The significance of our study clearly lies in several unigue
findings, which should be noted. First. although we have shown the
importance of uvsing early lung HRECT for the diagnosis of
pulmonary abnormalities (all patents with [PA had some
detectable abnormality), only 53.7% had findings that were
described as ‘specific” for Invasive mold infection based on
EQRTCIMSG 2008 criteria,'? Therefore, half of our IPA patients
had non-specific infiltrates on early HRCT scans, of which the
performance was generally driven by persistent fever or GM
results, Recent studies have shown that the neutrophil count plays
a tole in the pattern of findings on imaging studies.'"'" However,
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Figure 2. Overall survival and sarvival ateributed o myvasive aspecgillosic (14] for (A) all patients and (B} based on the probabaling of (A dsagnosis

this does not cxplain our results, In the study by Micolle et al the
patient population and percentage of patients with prolonged
nedtropenia was similar to our observations in this analysis.
However, the authors ef that study found a *halo sign’ in B1% of the
patients, whereas only 26.8% of patients had the sign In our study,
o the other hand, a recent study by Lortholary et al.” examining a
mixed patient population with 77.65% of patients suffering from a
hematological malignancy found nodules in the majority of
patients (B1.3%) with IPFA, However, nodules were again rarely
found in our study (1685 Moreover, we did not ohserve any
significant difference in the frequency of individual abnormalities,
including the frequency of non-specific infilcrates in patients with

and without neutropenia. Therefore, despite the multicenter
approach whereby CT evaluations were performed by local
radilogists, one of the explanations for the significant proportion
of nodi-specific Aindings could be the promptitude of HRCT usage in
patients with persistent fever or GM positivity, which has been
seen in the last few wears due to better avallability of this
rechnigue. The median time from an HRCT scan to diagnosis of 1A in
our study was O days. Thus, in daily clinical practice where early CT
scans are commonly performed and non-specific infilirates are
maore frequently seen. mycological examination of these non-
specific lesions for a differential diagnosis becomes very impor-
tant. This finding was very recently supported by others 'Y
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Cur study also demonstrated the essential role of GM testing for
the diagnosis of 142" Since the vast majority of cases represented
probable [A and the sensitivity of culture andor cytology was very
limited, the diagrosis of probable 1A was typically made using a
combination of pulmonary abnormalities on lung HRCT and
positivity of a GM assay with serum and/or BAL Muid. In addition,
the high rate of positive results of the GM assay in serum {79.1%)
and BAL Murd [78.8%) was sitnilar or higher than in a recently
published series of hematological parients, 22

This multicenter soudy also found that the routine use of regular
and frequent (2-3pweek) GM screening is widely used at all
hematology centers in both countries and seems common in the
countries of Eurape,®™ but is less frequent or limited in others
countries,” including the UsA," Therefore, GM screening was often
used in place of invasive procedures for the differential diagnosis of
pulmaonary infiltrates. In a study by Perkhofer et al.” conducted in
Austria, 34% of the patients with invasive mold infections had a
biopsy performed, whereas only 9.6% of the patients in our study
required a biopsy for final diagnosis. The authors of that study
recommend performing biopsies in these patients due to the high
frequency of invasive zypomycosis. However, the high rate of
positive results of the GM assay (serum andjor BAL) in our study
could limit biopsies to only GM-negative infiltrates that are very
likely to be of IFD origin, Ansther reason for performing a biopsy
given by Perkhoder et al. is the requirement for culture verification
of the infection due to the high frequency of A fereus cases:
A terreus is tesistant to amphotericin 5.5 However, in our study,
A fumigarus was still the predominant species, and non-fumigatus
Aspergillus species were very rare, with A, ferreus isolated in only
one case from our large multicenter series, Finally, the importance
of GM detection for the diagnasis of 1A in daily clinical practice was
demanstrated hased on the investigator's questionnaire, which is
part of our database (data not shown) In 60.2% of 1A episodes,
investigators subjectively marked the GM assay result as the
criterion on which the A diagnosis was mainly based, followed by
HRCT im 18.8% of episodes and histology im 102% of episodes.
However, when discussing GM  assay nesults, the possible
limitation of the test [extensively reviewed in the last European
Conference on Infections in Leukemia (ECIL-3] recommenda-
tions**) given by the sk of lower senpsitivity (e, caused by
administration of mold-active antifungal drugs) or by false-
positive results must always be taken into account.

Regardless of recently published and generally accepted
guidelings,® 26.3% of patients with 1A in our database regeived
a combination antifungal treatment. which was mainly a
combination of voriconazole and echinocandin, as an inirial
therapy of 1A, This finding, which has also been reported in other
registries, ™™ reflects the real-life situation, where the treating
phy=ician intends to maximize the eficacy of antifungal treatment
in this group of highly immunocompromised and frequently
critically ill patients; not only at the time when the initial
treatment fails, but ideally at the start of therapy. However,
regardless of promising results from in vitro™** and animal
studies,* there is limited evidence for sech an approach in the
salvage setting, ™' and more in the initial treatment*>* of 14 in
the literature. Although our study was retrospective and not
randomized, we did not find any difference in the efficacy of
voriconazole monotherapy compared (o the combination of this
azole with echinocandin when used as an initial or salvage therapy,
The number of patents with neutropenia (= 1.0 = 10%1) and the
lengih of therapy were not different between Creatment groups.
However, we did not collect infermation about performance status,
and therefore we cannot exclude the possibility that patients with
a severe clinical condition did nor preferentially receive a
combination therapy, at least during the initial treatment,
Therefore, in order to finally resolve this issue, we should await

the results of randomized studies comparing both of these
approaches that are currently being conducted.

Fimally, even with the availability of new antifungal therapies, a
large number of patients still fail. Therelore, the actual immuno-
deficiency status of each patient will play a crucial role in the
treatment outcome, Although neutropenia was the most frequent
risk factor found for the development of 1A, the neutrophil level, in
addition te the antifungal therapy used for treatment, would have
an impact on patient prognosis,™ Cordonnler et al, found no
impact of neutropenia on patient prognosis at the time of §A
diagnosis. ™ Similarly, in our analysis we did nor find any
significant role of neutrophil count at the start of antifungal
therapy on the efficacy of antifungal treatment (primany as well as
salvage). However, similar to data presented by Pagano et al.’
which showed rhat acute myeloid leukemia patients with 1A had a
higher response rate when they had neutrapenic recovery, we
found a statistically significant increase in the response rate when
the neutrophil count measured at the end of antifungal therapy
had increased, regardless of the antifungal drug used for treatment.
Howewver, our sub-analysis found this crucial role of neutrophil
count at the end of treatment was significant for primary therapy,
but was not significant for salvage treatment. which was most
lkely dus to the lmited number of patients undergoing salvage
therapy. An increase in neutrophil count greater than 1.0 = 1091
during initial therapy was related to a complete and partial
respanse, while patients with pregression remained nedtropenic,
However, we found that the outcome of therapy In patients
receiving a second-line treatment may ke dependent on factors
other than the develapment of neutrophil count during or at the
end of therapy, such as the presence of grafi-versus-host disease,
persistent corticosteroid use, or hepatic insufficiency, ™

In canclusion, 1A is a life-threatening condition and the most
frequent IFD in patients with hematological malignancies that
requires rapid and specific diagnostics. Lung HRCT with high
sensitivity allows for the detection of pulmonary abnormalities;
however, these scans are often very non-specific. Therefore, the
combination of HRCT with routine and regular screening of GM in
serum andfor BAL fluid provides a better differential and rapid
diagnosis of A in this group of immunocompromised patients.
While we do not have data that cleacly support the benefit of
combination antifungal treatment, we have clearly shown that the
develepment of nevtrophil count during 1A treatment will be a key
factor that will determine the treacment response regardless of the
antifungal drug or strategy used,
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Monitoring trough voriconazole plasma concentrations in
haematological patients: real life multicentre experience

Zdenek Racil,""* Jana Winterova,'* Michal Kouba,? Pavel Zak,? Ludmila Malaskova,*
Lucie Buresova,® Martina Toskova,' Martina Lengerova,’ Iva Kocmanova,® Barbora Weinbergerova, '
Shira Timilsina,” Monika Rolencova,’ Petr Cetkovsky® and Jiri Mayer'”
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Summary The objective of this retrospective study was 0 evaluate results from vorieonazole
therapeutic drug monitoring (TDM) in haematological patients in routine clinical
practice, Between 2005 and 2010, 1228 blood samples were obtained from 264
haermatological patients  (median 3 samples/patient; range 1-27)  receiving
varteonazole for targeted /preéemptive treatment of invasive aspergillosts (TA) (46.3%
of samples), empirical therapy (12.9%) or prophylaxis [40L8%). A high-pressure liguid
chromatography assay was used to analyse vorlconazole concentratbons, Clinkeal and
laboratory data were analysed retrospectively. The median of the detected voriconazole
plasma concentration was 1.00 pg ml™ frange =0,20-13.47 pg mi ") Signiflcant
inter- and intra-patients variability of measured concentrations (31.9% and 50.5%)
were Wentified. With the exception of omeprazole admintstration, there was no
relevant relationship between measured voriconazole concentrations and drug dose,
route administration, age. gender, CYP2OIW'I genotype. gastrointestinal tract
abnormality, administration via nasogastric lwbe, serum  creatinine, and  liver
creymes. Hewever, per patient analysis dentified  slgnifleant role of  bdividial
voriconazole dose and drug form change on measured plasma concentration.
Measured voriconazole concentrations did noe correlate with the reatment outeome
of patients with 1A, We only identified a limited number of adverse events related to
voriconazole therapy: however, the median plasma concentration was not different
from concentrations measured in samples without reporied toxbeity. Our retrospective
study has suggested that routine menitoring of vorcomazole plasma concentrations
has probably only a limited role in daily haematological practice,
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3.2. Glucan in Invasive Fungal Disease Diagnostics

Panfungal antigen, 1,3-beta-D-glucan (BDG), a cell wall polysaccharide of most fungi,
excepting Cryptococcus spp. and Mucormycetes, is released into blood and tissues during IFD.
The only BDG test approved by the FDA (Food and Drug Administration) is a commercially
available assay (Fungitell, Associates of Cape Cod, Inc., Cape Cod, MA, USA) [15]. The high
negative predictive value (NPV) predetermines the BDG test as an IFD serum screening
method, which we confirmed in our original work as Annex 16 in Chapter 3.2.1.2. The
prospective study analyzed BDG from a total of 1143 serum samples obtained from 91 patients
and collected regularly twice a week during anticancer treatment. However, while GM detected
in serum and BAL fluid is a well-established reliable marker for early IA detection [15, 25],
study results and meta-analyses regarding the quality of the BDG test detected in serum for IFD
prediction yielded markedly variable results [37-45]. Furthermore, literature data regarding
BDG contribution detected in BAL fluid in the differential diagnosis of pulmonary infiltrates
among immunocompromised patients do exist, but are quite limited and heterogeneous [26, 46-
49]. Heterogeneity is caused by various factors. 1,3-beta-D-glucan is ubiquitous in the
environment, and the test is therefore subject to a high rate of false positives owing to, for
example, sample handling, cellulose membranes during hemodialysis, albumin, or
immunoglobulins infusion [50, 51]. The role of these factors influencing test quality is obvious,
however a comprehensive evaluation is lacking. Literature data are similarly insufficient in
terms of the parallel serum and BAL fluid samples combination [26, 47-49]. Given the
conflicting BDG role in IFD diagnosis, we published an original work presented as Annex 15
in Chapter 3.2.1.1., including prospective "single-center" study results evaluating BDG"s
function in comparison with GM in an IPA diagnosis during a total of 172 episodes of
pulmonary infiltrates on CT among a cohort of immunocompromised hematology patients
treated at our institution from 2006-2015. Test quality during early IPA detection was assessed
along with a new optimal cut-off BDG test comparing a standard used cut-off of 80 pg/ml, the
benefit of parallel detection in serum and BAL fluid samples, and how factors influence test
performance. Although we identified an acceptable SEN, SPE, and diagnostic odds ratio
(DOR), a low PPV of both the BAL fluid and serum BDG tests was revealed. The combination
of both materials and a new optimal BDG cut-off did not generate significant test quality
improvement regarding IPA prediction. As with GM, BDG test quality can be affected by a
number of factors, including the degree and type of immune system involvement, concomitant

bacterial, Candida sp. colonization, respiratory tract infection, or antifungal therapy [44, 47-49,
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52-54]. With our study, higher absolute neutrophil counts at the time of BAL and higher
aspirated BAL fluid volume significantly diminished BDG test performance. Other factors did
not have a significant effect, yet the BDG test did not surpass GM test quality in predicting
probable and proven IA.

Unlike other IFDs, serum BDG appears to be a very good marker for PCP diagnosis. Extensive
meta-analysis has evidence high diagnostic accuracy of BDG determinations for PCP with an
associated SEN of 96%, specificity of 84%, and DOR 102 [54, 55]. Attributable to the
particularly high SEN, the BDG test can be used as a PCP screening tool.

BDG detection in serum and BAL fluid for IFD diagnosis in patients with hematological
malignancies are discussed in further detail within the following journal publications where
applicant is an author or co-author (sorted in ascending order). Two selected publications are

part of Chapter 3.2.1. Annexes to Chapter 3.2. (Annexes 15 and 16 sorted thematically):

- Racil Z., Kocmanova I., Weinbergerova B., Winterova J., Lengerova M., Hrncirova K.,

Mayer J. Detekce 1,3-B-D glukanu v diagnostice invazivnich mykotickych infekci u
nemocnych s hematologickou malignitou: pfinos metody ve skriningu invazivnich
mykoéz a v konfirmaci galaktomannan pozitivnich. Klin Mikrobiol Inf Lék.

2009;15(2):48-57. ISSN 1211-264X.

- Racil Z., Kocmanova 1., Lengerova M., Weinbergerova B., Buresova L., Toskova M.,
Winterova J., Timilsina S., Rodriguez 1., Mayer J. Difficulties in using 1,3-{beta}-D-
glucan as the screening test for the early diagnosis of invasive fungal infections in
patients with haematological malignancies--high frequency of false-positive results and
their analysis. J Med Microbiol. 2010;59:1016—-1022. ISSN 0022-2615. (see Annex 16
in Chapter 3.2.1.2.)

- Weinbergerova B., Kabut T., Kocmanova 1., Lengerova M., Pospisil Z., Kral Z., Mayer
J. Bronchoalveolar lavage fluid and serum 1,3-B-D-glucan testing for invasive
pulmonary aspergillosis diagnosis in hematological patients: the role of factors affecting
assay performance. Sci Rep. 2020;10(1):17963. doi: 10.1038/s41598-020-75132-3.
ISSN 2045-2322. (see Annex 15 in Chapter 3.2.1.1.)
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3.2.1. Annexes to Chapter 3.2.
3.2.1.1. Annex 15

Weinbergerova B., Kabut T., Kocmanova 1., Lengerova M., Pospisil Z., Kral Z., Mayer J.
Bronchoalveolar lavage fluid and serum 1,3-B-D-glucan testing for invasive pulmonary
aspergillosis diagnosis in hematological patients: the role of factors affecting assay

performance. Sci Rep. 2020;10(1):17963. doi: 10.1038/s41598-020-75132-3. ISSN 2045-2322.

IF = 4,38 in 2020; MULTIDISCIPLINARY SCIENCES Q1; 1 citation according to WOS or
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Bronchoalveolar lavage fluid

and serum 1,3-3-p-glucan testing
for invasive pulmonary aspergillosis
diagnosis in hematological
patients: the role of factors
affecting assay performance

Barbora Weinbergerova'™, Tomas Kabut?, Iva Kocmanova?, Martina Lengerova?,

Zdenek Pospisil*, Zdenek Kral*> & Jiri Mayer'?

Invasive fungal disease (IFD) early diagnosis improves hematological patient survival. Non-culture-
based methods may reduce diagnostic time to identify IFD. As complex data on the value of 1,3-B-D-
glucan (BDG) from bronchoalveolar lavage fluid (BALF) compared to serum for the most frequent
invasive pulmonary aspergillosis (IPA) diagnosis are scarce, particularly including evaluation of
potential factors adversely affecting BDG assay, we provided prospective single-center analysis
evaluating 172 episodes of pulmonary infiltrates with BDG detection in BALF and serum samples
collected in parallel among hematological patients from 2006 to 2015. Proven and probable IPA were
documented in 13.4% of the episodes. Sensitivity (SEN), specificity (SPE), positive and negative
predictive value (PPV; NPV), and diagnostic odds ratio (DOR) of the BDG assay using standard (80 pg/
ml) cut-off for BALF were: 56.5%; 83.2%; 34.2%; 92.5%, and 6.5, respectively, and for serum were:
56.5%; 82.6%; 33.3%; 92.5%), and 6.2, respectively. The same BDG assay parameters employing

a calculated optimal cut-off for BALF (39 pg/ml) were: 78.3%; 72.5%; 30.5%; 95.6%, and 9.5,
respectively; and for serum (40 pg/ml) were: 73.9%; 69.1%; 27.0%; 94.5%, and 6.3, respectively.
While identifying acceptable SEN, SPE, and DOR, yet low PPV of both BALF and serum BDG assay
for IPA diagnosis, neither the combination of both materials nor the new optimal BDG cut-off led to
significant test quality improvement. Absolute neutrophil count and aspirated BALF volume with a
significant trend affected BDG assay performance. The BDG test did not outperform galactomannan
assay.

Invasive fungal diseases (IED) are life-threatening infections in patients with hematological malignancies'=>.
Pulmonary infiltrates could represent an IFD warning sign, and differential diagnosis is crucial for the early start
of preemptive antibiotic and antifungal therapy*~’.

Non-culture-based methods with their high sensitivity (SEN) and specificity (SPE) reduce diagnostic time
to identify IFD. 1,3-B-p-glucan (BDG), a major cell wall component of most fungal species, is released into
blood and tissues during IFD (except mucormycetes and Cryptococcus spp.). The Fungitell test is the only BDG
antigenemia assay recommended***1, Galactomannan (GM) is well established as a reliable BALF and serum
marker in early detection of invasive aspergillosis®**!1-13,

Several studies and meta-analyses concerning serum BDG assay performance in IFD diagnosis with vari-
able outcomes have been provided”*”’zl. Data regarding BDG from bronchoalveolar lavage fluid (BALF) for

1Department of Internal Medicine-Hematology and Oncology, Masaryk University and University Hospital, Brno,
Czech Republic. 2Department of Clinical Microbiology, University Hospital, Brno, Czech Republic. *CEITEC -
Central European Institute of Technology, Masaryk University, Brno, Czech Republic. “Department of Mathematics
and Statistics, Faculty of Science, Masaryk University, Brno, Czech Republic. “'email: Weinbergerova.Barbora@
fnbrno.cz
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differential diagnosis of pulmonary infiltrates exists although limited and heterogeneous?-%. Heterogeneity is
caused by various factors and lacks a complex analysis. Data is also insufficient regarding added value of a BDG
combination from serum and BALF?-2,

We therefore recognized the need to evaluate and reconsider the role of BDG from serum and BALF in
detection of early invasive pulmonary aspergillosis (IPA) the most common IFD. Reassessing BDG detection
accuracy regarding a commonly employed 80 pg/ml cut-off, we implemented superior measures to propose a new
optimal BDG cut-oft value in serum and BALF samples for IPA diagnosis. Our secondary goal was to analyze
defined clinical factor impact on test accuracy with a standard of 80 pg/ml cut-off. Furthermore, we sought to
identify and qualify increased IPA detection accuracy when serum and BALF samples were obtained in parallel.

Methods

Study population.  Our prospective cohort study involved consecutive non-selected hematological patients
treated at our department from 2006 to 2015. We reviewed database clinical and laboratory records concerning
epidemiology, diagnosis, and therapy of patients who underwent bronchoscopy with BALF and serum test-
ing for both BDG and GM at exactly the same time to evaluate pulmonary infiltrates on chest high resolution
computed tomography (HRCT). Patients with repeated sampling were included in the analysis if the BAL was
performed on a clearly new presentation of pulmonary infiltrate evaluated by an expert radiologist. Episodes
with apparent false-positive results for GM in the serum caused by the administration of GM-positive tested lots
of piperacillin-tazobactam or Plasma-Lyte solution (Baxter Healthcare) were excluded from the analysis. The
sample collection and research were approved by the Local Ethics Committee of the University Hospital Brno,
Czech Republic, Number 01-170920/EK. All research was performed in accordance with relevant guidelines and
regulations. Informed consent was obtained from all participants.

Fiberoptic bronchoscopy and sample investigation. The fiberoptic bronchoscopy site was guided
by the HRCT pathological finding. Eight to 10 sequential, 20-ml aliquots of sterile saline solution were infused
into the lower respiratory tract, and each aliquot was immediately aspirated. The first bronchial sample aliquot’s
return was processed separately from subsequent aliquot returns, which were pooled together and homogenized
(BALF). BALF was subjected to cy‘rology assessment, direct examination, bacterial, fungal, mycobacterial cul-
ture; galactomannan and BDG detection; polymerase chain reaction (PCR) testing for Aspergillus fumigatus,
mucormycetes, Prneumocystis jirovecii, and viral pathogens. Serum samples obtained simultaneously with bron-
choscopic material were examined for GM and BDG detection, bacterial and fungal culture.

1,3-[3—D-g|ucan detection. For BDG detection, a commercial kit (Fungitell, Associates of Cape Cod,
Inc., Cape Cod, MA, USA) was used according to manufacturer’s instructions for sera samples and equally for
BALF samples. BALF specimens were centrifuged at 1000 rpm for 10 min, and supernatant was used for BDG
detection. Thereafter, the BALF samples were equally treated as sera samples. Samples were frozen at —20 °C
until BDG level determination. A positive test result was defined as a sample with cut-oft level 280 pg/ml for
both, serum and BALE. A detailed methodology of BDG assessment in serum and BALF has been previously
described”.

Case definition and important clinical parameters. Each case was classified as proven, probable, pos-
sible, or no IFD according to EORTC/MSG (European Organization for Research and Treatment of Cancer/
Mycoses Study Group) criteria*, however Fungitell test results were not included as one of the microbiological
criteria. Cases classified as proven and probable IFD were considered true-positives; no IFD as true-negatives.
Eighty-three episodes with possible IFD, 8 episodes with invasive mucormycosis, one episode caused by Alter-
naria sp., and 18 Preumocystis pneumonia episodes were not included in our final analysis.

We not only assessed BDG detection accuracy in BALF and serum with 80 pg/ml cut-off, moreover we sought
to set up new accurate IFD detection cut-off levels based on sensitivity (SEN) and specificity (SPE) optimal
combination. Parameters possibly affecting BDG assay were analyzed from BALF: Antifungals administration
and its duration prior to sampling, concomitant Candida spp. positive culture from BALF or oral cavity, positive
bacterial culture from BALE, absolute neutrophil value, and aspirated BALF volume; and from serum: Antifun-
gals administration and its duration prior to sampling, concomitant bacteremia, and absolute neutrophil value.
Furthermore, we compared BDG to GM test accuracy in both, BALF and serum, for IFD diagnosis.

Statistical analysis. Continuous variables were compared using the Mann-Whitney U test and the Spear-
man correlation coefficient (Rg). Categorical parameters relation was evaluated using Pearson’s Chi-squared
and Kendall’s tau tests. For all analyses, a=0.05 was used as a level of statistical significance. Sensitivity (SEN),
specificity (SPE), negative predictive value (NPV), positive predictive value (PPV), diagnostic odds ratio (DOR),
accuracy, were calculated for both serum and BALF BDG assay, and combination of both materials. A new
BDG-max variable was evaluated based on the higher BDG value of the pair samples, BALE, and serum. A
receiver operating characteristic (ROC) curve and area under the curve (AUC) were used to estimate BDG
assay discriminatory capability performed in samples of BALF and serum for IFD detection. The influence of all
monitored variables on IFD prediction was evaluated using a multidimensional logistic regression model. For
statistical analysis, software R version 3.5.2 was used.
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Total number of episodes 172

Total number of patients 152
Number of episodes per patient, median (range) 1(1-3)
Age (years), median (range) 56 (18-78)
Sex, male, n (%) 96 (55.8)
Definitive probability of pulmonary IFD according to EORTC/MSG criteria from 2008, n (%)

Proven IFD 8(4.7)
Probable IFD 15(8.7)
No IFD 149 (86.6)
Underlying disease and anticancer therapy at baseline, n (%)

AML +MDS 76 (44.2)
Induction/reinduction of AL 47 (27.3)
Allogeneic SCT 34(19.8)
Antifungals at the time of sampling, # (%) 145 (84.3)
Fluconazole 54(37.2)
Otherl (echinocandins, itraconazole, posaconazole, voriconazole, conventional and lipid-based amphotericin, and their 91 (62.8)
combination)

Duration of antifungal therapy prior to sampling, median of days (range) 4 (0-540)
Candida spp. isolated from oral cavity, n (%) 55(32.0)
Candida spp. isolated from BALE, # (%) 11(6.4)
Candida spp. bloodstream infection, 1 (%) 0(0)
Bacteria isolated from BALFE, n (%) 25(14.5)
Bacteremia at the time of sampling, 1 (%) 6(3.5)
Aspirated BALF volume, median of ml (range) 80 (32-160)
Absolute neutrophil count x 10%/1 at baseline, median (range) 0.4 (0.0-12.2)

Table 1. Baseline characteristics of episodes with BDG detected in BALF and serum. BDG, 1,3-p-p-glucan;
BALF, bronchoalveolar lavage fluid; IFD, invasive fungal disease; EORTC/MSG, European Organization

for Research and Treatment of Cancer/Mycoses Study Group; AML, acute myeloid leukemia; MDS,
myelodysplastic syndrom; AL, acute leukemia; SCT, stem cell transplantation; BALF; bronchoalveolar lavage

fluid.

Results

In total, 172 unique episodes (from 152 adult patients) were analyzed with characteristics described in Table 1.
Proven, probable, and no IFDs were documented in 8 (5%), 15 (9%), and 149 (86%) episodes, respectively.
Invasive aspergillosis was present in all eight proven and fifteen probable cases.

BDG assay evaluated by a standard cut-off of 80 pg/ml. BDG values median in BALF and serum
was 16.0 pg/ml (min-0; max-1594) and 22.0 pg/ml (min-0; max-1138), respectively. GM values median in BALF
and serum was 0.13 IP (index of positivity) (min-0.04; max-1.98) and 0.13 IP (min-0.03; max-0.52), respectively.
The correlation between BDG and GM levels in BALF and serum is indicated in Fig. 1.

Median BDG levels in proven and probable episodes versus no IFD were in BALF 111 versus 13 pg/ml and in
serum 113 versus 20 pg/ml. The correlation between BALF or serum BDG levels and IFD probabilities (Rg=0.255;
and Rg=0.255, respectively) appears in Fig. 1.

Based on ROC analysis, BDG assay performance for BALF and serum indicated SEN (56.5%; and 56.5%),
PPV (34.2%; and 33.3%), AUC (0.671; and 0.677), SPE (83.2%; and 82.6%), NPV (92.5%; and 92.5%), and IFD
prediction accuracy 0.8 with a standard cut-off of 80 pg/ml (Table 2). BDG-max assay affirmed SEN (65.2%),
SPE (73.2%), and 0.6 diagnostic accuracy (Table 2).

BDG assay evaluated by a new suggested optimal cut-off. Based on ROC analysis, our challenging
task was to determine optimal BDG cut-off value in both serum and BALF. We identified new BDG cut-offs for
both BALF (39 pg/ml) and serum (40 pg/ml). The new suggested BALF and serum value reached SEN (78.3%
and 73.9%), SPE (72.5% and 69.1%), and DOR (9.5 and 6.3) (Table 2).

Clinical factors possibly influencing BDG performance accuracy. We did not verify any significant
relationship between probability of final IFD diagnosis and concomitant Candida spp. positive culture of oral
cavity or BALF at time of sampling (p=>5.7, and 2.0; p > 0.05; respectively) (Fig. 2).

Similarly, the positivity of BALF bacterial culture and bacteremia did not suggest any significant correlation
with IFD probability (p=2.8, and 1.5, respectively; p>0.05). (Fig. 2).

Significant correlation between lower absolute neutrophil value at the time of sampling and the higher degree
of IFD probability was substantiated in our analysis (Rg=-0.223; p<0.01) (Fig. 1).
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Figure 1. Correlation between continuous parameters possibly influencing the BDG assay quality in

IFD diagnosing. In this figure shows Spearman correlation matrix representing the relation of continuous
parameters evaluated by the Spearman coefficient. The diagonal from the upper left corner to the lower right
corner contains frequency histograms of each variable. In the histogram “IFD diagnosis’, the episode numbers
are divided according to the probability of IFD: 0—no IFD; 2—probable IFD; 3—proven IFD. On the bottom
of the diagonal, there are the bivariate scatter dot plots with fitted lines displayed of the variable pairs. On

the top of the diagonal, the pairwise correlations of variables (Spearman rank correlation coefficients; S) are
with the significance level represented by stars: *p<0.05; **p<0.01; ***p<0.001. BDG, 1,3-B-D-glucan; BALE
bronchoalveolar lavage fluid; IFD, invasive fungal disease; GM, galactomannan; BAL, bronchoalveolar lavage.

More eftective agents with a broader antifungal spectrum were more frequently administered at the time of
BALF among episodes finally defined as proven or probable IFD with statistical significance (p<0.01) (Fig. 2).
Prolonged antifungals administration prior to sampling correlated with higher serum BDG levels (Rg=0.136)
(Fig. 1).

%Eventua]ly, episodes with higher aspirated BALF volume >80 ml had a lower median of BALF-BDG value
compared to episodes with lower aspirated BALF volume <80 ml (10 pg/ml vs. 21 pg/ml). Moreover, lower BALF
BDG levels corresponded to higher aspirated BALF volume in the Spearman correlation test, yet results were
not statistically significant (Rg=-0.059; p>0.05) (Fig. 1).

Logistic regression model evaluating clinical factors potentially influencing BDG and GM test
accuracy. The model evaluating only BDG revealed an absolute number of neutrophils as a factor influenc-
ing BDG predictive value for IPA (Table 3). Higher absolute neutrophil count decreased BDG assay performance
predictive value with statistical trend (p=0.099). Additionally, we affirmed a trend in correlation between higher
aspirated BALF volume and reduced opportunity to correctly predict IPA using BALF BDG (p=0.085). No other
factors significantly affected BDG assay prediction for IPA.

Finally, our multivariate analysis, most consistent with real clinical practice, evaluated the quality of both
BDG and GM diagnostic tests together during IPA diagnosis. Despite both tests being statistically significant, the
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Cut-off (pg/ml) B SPE PPV [ NPV DOR T Accuracy
[ BALF BDG

80 0.565 0.832 0.342 0.925 6.5 0.797

39 0.783 0.725 0.305 0.956 9.5 0.733
Serum BDG

80 0.565 0.826 0.333 0.925 6.2 0.791

40 0.739 0.691 0.270 0.945 6.3 0.698
BDG-max

80 0.652 0.732 0.273 0.932 5.1 0.721
39/40% 0.870 0.567 0.235 0.966 7.9 0.607

Table 2. BDG performance assay for prediction of proven and probable IFD diagnosed according to EORTC/
MSG criteria. BDG, 1,3-p-p-glucan; BALE bronchoalveolar lavage fluid; IFD, invasive fungal disease; EORTC/
MSG, European Organization for Research and Treatment of Cancer/Mycoses Study Group; SEN, sensitivity;
SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; DOR, diagnostic odds ratio.
39 pg/ml cut-oft for BALF and 40 pg/ml cut-off for serum.

GM test confirmed a 203-fold higher predictive value for serum and a 19-fold higher value for BALF compared
to the BDG test (Table 4). Furthermore, there was correlation between higher BALF volume and reduced IPA
predictive probability using the BDG test (p=0.069) (Table 4).

Discussion

Our study substantiates efficacy of concomitantly obtained BALF and serum BDG samples from a large set of
unselected consecutive hematological patients with pulmonary infiltrates for IFD diagnosis. BDG and GM values
levels significantly correlated with each other in both serum and BALF (Fig. 1). We documented a substantially
higher median of both BALF and serum BDG levels in episodes of proven and probable IFDs compared to no
IFDs (p<0.001). Moreover, the correlation between BALF or serum BDG levels and IFD probability was evi-
denced with statistical significance (p <0.001; and p <0.05; respectively) (Fig. 1). BDG displayed similar DOR in
BALF compared to serum (6.5 vs. 6.2) at the same levels of SEN and SPE (57% and 83%). The BDG-max assay
affirmed higher SEN (65%) but lower SPE (73%) and DOR (5.1).

BDG test quality is affected by a number of different factors. First, IFD definition may vary among studies.
A vast majority of studies (including our investigation) did not include possible IFD in their analysis®*~2. The
quality of the BALF and serum BDG test did not significantly differ in the cohort with versus without 83 possible
IFD in our analysis (DOR—6.9 vs. 6.5; and 4.2 vs. 6.2).

Additionally, degree and type of immunosuppression may facilitate BDG test accuracy discrepancies among
studies. Our results are consistent with published data of Rose et al. and Theel et al., who reported BALF and
serum BDG sensitivity in the range of 50-53%, and 40-55%, with a similar spectrum of hematological patients,
respectively’?, Most published studies used the same Fungitell cut-off level (= 80 pg/ml) for both serum and
BALF as our study. He et al. in a large meta-analysis, reported serum BDG diagnostic accuracy and set the optimal
cut-off level of 60 pg/ml as optimum for distinguishing patients with and without IFD'¢. Similar to He's study, we
confirmed a lower optimal cut-off compared to the standard cut-off in both serum and BALF with better SEN
and DOR, yet slightly lower SPE (Table 2).

Candida spp. colonization orinfection.  Concomitant Candida spp. colonization or non-invasive respir-
atory infections may influence BALF BDG specimen false positivity and assay accuracy. Therefore, BALF BDG
test SPE differences between published studies (39-68%) and our data (83%) could be caused by the variable
frequency of Candida spp. positive cultures from BALF in episodes with no IFD compared to our study (32-43%
vs. 6%)2-25, Furthermore, our study recognized a lower proportion of Candida spp. positive cultures from BALF
in Fungitell positive episodes with no IFD compared to Theel’s study (16-38%)*. Nonetheless, based on a mul-
tivariate analysis and in accordance with Rose’s study?, we did not substantiate concomitant positive Candida

spp. culture from BALF or oral cavity as a factor significantly affecting BALF BDG assay performance (Table 3).

Bacterial infection. In concordance with published data, we confirmed BDG test lower predictive value
in episodes with positive bacterial culture from BALF (Enterococcus sp., Pseudomonas aeruginosa, Klebsiella
sp., Streptococcus sp.) or concomitant bacteremia (Enterococcus sp., Klebsiella sp.), although without statistical
significance using the multivariate analysis (Table 3)*=". As with our data, Rose’s BALF BDG assay performance
was not significantly affected by concurrent pulmonary bacterial infection®.

Neutropenia. Published studies analyzing a BALF or serum BDG test in non-neutropenic patients or in
cohorts with a lower proportion of neutropenic patients determined a lower SPE (26-65%) compared to our
study' %3726 Qur analysis affirmed a higher neutrophil count during sampling as a factor adversely affecting
BDG test performance within an IFD prediction with a statistical trend in significance (Table 3). To our knowl-
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Figure 2. Correlation between categorical parameters evaluated by using the Pearsons Chi-squared tests (upper
right) and Kendall’s tau tests (lower left). In this figure represents the relation between categorical parameters.
The diagonal from the upper left corner to the lower right corner contains frequency histograms of each
variable. In the histogram “IFD diagnosis”, episode numbers are divided according to the probability of IFD: 0—
no IFD; 2—probable IFD; 3—proven IFD. Concerning “Antifungals”: 0—no antifungals prior to sampling; 1—
any antifungals prior to sampling; “Antifungals (type)”: 0—no antifungals; 1—fluconazole; 2—antifungals with
broader spectrum; other histograms: 0—absent; 1—present. The Pearson’s Chi-squared tests (on the right top

of the diagonal) measure the strength of a linear association between categorical variables presented by Pearson
correlation coefficient (p) valued between + 1 and — 1, where 1 is a total positive linear correlation, 0 is no linear
correlation, and —1 is total negative linear correlation. The Kendall’s tau tests (on the bottom left of the diagonal)
represent the ordinal dependence between two measured quantities based on the t coefficient. Each significance
level is represented by stars: *p<0.05; **p<0.01; **p<0.001. BDG, 1,3-B-p-glucan; BALE bronchoalveolar
lavage fluid; IFD, invasive fungal disease; GM, galactomannan; BAL, bronchoalveolar lavage.

edge, such a comprehensive analysis evaluating BDG test accuracy within an IFD diagnosis according to degree
of neutropenia has not yet been conducted.

Antifungal therapy. Antifungal therapy was significantly associated with false-negative BDG results in
both BALF and serum in Rose’s analysis and with serum in Ostrosky-Zeichner’s study?*. In contrast to pub-
lished studies, we did not determine any significant relationship between antifungal administration or antifungal
treatment duration and BALF or serum BDG assay performance in the multivariate analysis (Table 3). However,
we are aware of our high proportion of episodes treated with antifungals at the time of cohort sampling reflecting
clinical practice. For this reason, stricter criteria are set for BDG diagnostic test performance with IFD diagnosis.

Sampling method and BAL standardization. Sampling method and timing could be another source
of heterogeneity and affect fungal antigens detection accuracy in both BALF and serum. Theel et al. analyzed
serum samples collected within 72 h of the BAL, which was at variance with our study sampling BALF and
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Estimate i Std. error P e

Antifungals administration —2.300 1.845 0.2125 0.10026
BALF BDG 0.0179 0.005820 0.0428 1.0181
Serum BDG 0.002836 0.001454 0.0511 1.0028
Bacteria in BALF —0.4843 0.7061 0.4928 0.61613
Bacteremia —15.67 1125 0.9889 1.57x 107
Absolute neutrophil count —0.2840 0.1721 0.0990 0.75277
Aspirated BALF volume —0.01266 0.01222 0.3002 0.98742
Interaction BALF BDG and BALF volume —0.0001286 0.00007475 0.0854 0.99987

Table 3. Multidimensional logistic regression model evaluating BDG test quality and other possible
influencing parameters in prediction of proven and probable [IFD—galactomannan test excluded. BDG,
1,3-p-p-glucan; BALFE, bronchoalveolar lavage fluid; IFD, invasive fungal disease; i, regression coeflicient; std.
error, standard error; ef, the chance that the episode will be closed as proven or probable IFD. AIC=150.66;
XZ =31.38; R%=0.19. Bold value indicates statistical significance (p < 0.05).

| Estimate i Std. error » fi

BALF BDG 0.02207 0.01210 0.068 1.02232
Serum BDG 0.003608 0.001535 0.019 1.00361
BALF GM 2.965 1.056 0.005 19.39470
Serum GM 5:315 2.464 0.031 203.36451
Absolute neutrophil count -0.2269 0.1725 0.188 0.797

Aspirated BALF volume —0.009625 0.01526 0.528 0.99042
Interaction BALF BDG and BALF volume —0.0003074 0.0001689 0.069 0.99969

Table 4. Multidimensional logistic regression model evaluating BDG test quality and other possible
influencing parameters in prediction of proven and probable IFD—galactomannan test included. BDG,
1,3-p-p-glucan; BALE, bronchoalveolar lavage fluid; GM, galactomannan; IFD, invasive fungal disease; i,
regression coeflicient; std. error, standard error; efi, the chance that the episode will be closed as proven or
probable IFD. AIC=113.84; xz =63.533; R~ 0.40. Bold values indicate statistical significance (p < 0.05).

serum at precisely the same time?. Other investigations failed to note sampling time®?. As predicted, specificity
increased up to 100% by using two serum BDG test sequential positivities®2,

BAL procedure standardization is a significant factor. Instilled solution during bronchoscopy ranging from
100 to 200 ml represents one of the crucial factors contributing to the final amount of aspirated BALF volume
and consequently to BDG concentration and assay reactivity?>*. Notably, specific published data concerning
BDG assay is lacking. Comparable to Racil’s study evaluating the BALF GM test, our analysis affirmed better
BALF BDG performance in patients with lower aspirated BALF volume (Tables 3, 4)*,

In our cohort, both BDG and GM antigens were simultaneously investigated from serum and BALF. In con-
cordance with our results, a galactomannan test substantiated superiority to the BDG tested in both BALF and
serum when diagnosing invasive pulmonary aspergillosis in literature?s3,

Our study highlights the advantage of BALF and serum BDG concomitant obtained samples including one of
the largest published sets of non-selected consecutive hematological patients with pulmonary infiltrates relating
to IFD diagnosis. Furthermore, our analysis precisely assesses predictable factors affecting BDG test accuracy.

Nonetheless, potential study limitations reflecting real clinical practice depict a low number of proven/prob-
able IFDs, a high proportion of antifungal therapy at the time of sampling, and BALF specimen serum cut-oft
implementation without updated established criteria. Moreover, patients were only tested once with serum Fungi-
tell assay. Although our study is a single-center analysis, it is a homogeneous, reproducible, and verifiable cohort.

Conclusions
In conclusion, we confirmed acceptable SEN, SPE, DOR, and a low PPV of both BALF and serum BDG assay for
pulmonary IPA diagnosis. Furthermore, we recorded high NPV for both BALFs and sera, predisposing a basic
BDG assay utility to exclude IFDs indicating serum value with patient IFD screenings. BDG test sensitivity and
DOR were not substantially increased by BALF compared to sole serum testing, and their combination did not
improve test quality. Dedicated efforts to determine optimal BDG limit value did not facilitate significant test
quality improvement.

We confirmed that: (1) absolute neutrophil count at the time of sampling and (2) aspirated BALF volume
both considerably affect assay performance.

Consequently, although BALF and serum GM and BDG values correlated with each other, BDG continued
to reveal reduced test quality compared to GM in IPA diagnosis. Our study fully supports the recent Infectious
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Diseases Society of America (IDSA) and EORTC/MSG recommendations to avoid using BDG for defining IFD
and to restrict use to specific clinical settings in conjunction with other clinical findings.
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We have evaluated the contribution of the 1,3-f-p-glucan (BG) assay for the screening of invasive
fungal infections (IFls) in patients with haematological malignancies. Serum samples from patients
at risk of IFl were collected twice a week and retrospectively tested using the BG assay. BG
screening was performed on 1143 samples from 91 patients during 104 anticancer treatment
cycles. Proven and probable cases of IFl occurred in 9 (8.7 %) treatment cycles. Depending on
the criterion of positivity used (1x =60 pg mi™', 1x >80 pg ml™', 2x =60 pg ml™" or 2x
=80 pg ml™") the sensitivity and specificity were 89, 89, 67 and 44 %%, and 20, 48, 33 and 56 %6,
respectively. Although the test was marked as positive in 82, 68, 54 and 45 % of all the treatment
cycles, in the majority of cases, these positivities were probably false. The major limit of the BG
test was an extremely low positive predictive value (10 to 129%). We have analysed mucositis,
candida colonization, bacteraemia, use of antimicrobials, erythrocyte and thrombocyte filtered
blood products, collecting tubes or sampling via venous catheters. Even though no factor is a
major source of BG, it could at least partially influence BG assay performance. Thus, BG
detection has a limited usefulness as a screening method for IFls in patients with haematological

Accepted 18 May 2010 malignancies.

INTRODUCTION

Invasive fungal infections (IFIs) are serious and often a life-
threatening complication in patients with haematological
malignancies (Marr er al, 2002; Pagano et al, 2006).
Invasive aspergillosis (IA) and invasive candidiasis (IC)
represent the majority of IFls with an attributable mortality
of 30-40% (Pagano et al,, 2006). Early diagnosis and the
initiation of cfficacious antifungal treatments are major

Abbreviations: AUC, area under the curve; BG, 1,3-f-0-glucan; CVC,
central venous catheter; EORTC/MSG, Eurcpean Organization
for Research and Treatment of Cancer/Mycosis Study Group;
GM, galactomannan; HSCT, haematopoietic stem cell transplantation;
IA, invasive aspergillosis; IC, invasive candidiasis; IFl, invasive fungal
infection; NPV, negative predictive value; PPV, positive predictive value;
ROC, receiver operating characteristic; WHO, World Health Organization.

factors in contributing to the prognosis of patients with
IFIs (Garey et al, 2006; von Eiff er al, 1995). Since
conventional microbiological methods often lack sensitiv-
ity in the diagnostics of IFI, non-culture-based tests are
used for an carly noninvasive diagnosis of these infections.
While galactomannan (GM) has an undoubted role in the
diagnosis of IA (Maertens et al, 2002, 2004, 2005), the
utility of mannan and antimannan detection is somewhat
limited (Sendid et al., 2002), and PCR methods have not
yet been standardized (Mengoli er al., 2009).

1,3-fi-p-glucan (BG) is a fungal-cell-wall polysaccharide
that is released into the bloodstream of patients with IC, 1A
and some other IFls, except for invasive zygomycosis
and cryptococcosis (Kedzierska et al, 2007). Thus, the
detection of BG seems to be a very interesting tool for IFI
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diagnostics in haemato-oncological patients — making early
diagnosis possible for the two major IFls in onc test.
Several commercial kits with different reactivity have now
been made available for BG detection (Obayashi et al.,
2008). Most of the available studies have used the detection
of BG in samples from patients with proven or probable
IFIs (Hachem et al., 2009; Obayashi et al., 2008; Ostrosky-
Zeichner et al., 2005; Persat et al., 2002, 2008; Pickering
et al., 2005) and there are only limited data about the use of
BG detection in IFI screening (Ellis et al., 2008; Koo et al.,
2009; Odabasi et al., 2004; Pazos et al., 2005; Senn et al.,
2008). This should be the main role of all tests used for the
guiding of the pre-emptive antifungal treatment — therapy
of a suspected or presumed fungal infection in advance of
confirmation. We therefore conducted a study to evaluate
the clinical usefulness of BG detection for the screening and
early diagnosis of IFI in routine clinical settings in patients
with haematological malignancies.

METHODS

P Between September 2004 and June 2007, 91 patients who
had undergone 104 anticancer treatment cycles with an intermediate
[high dose chemotherapy with logous h poietic stem cell
transplantation (HSCT)] and high risk (induction/reinduction for
acute myelogenous leukaemia or allogenic HSCT) of 1FI were enrolled
in our study. Furthermore, in 37 patients, paired blood samples were
collected for excluding the central venous catheter (CVC) as a source
of BG ¢ ion. All patients signed their written informed
consent for sample and data collection, and the study was approved
by the Institutional Review Board.

Clinical management. Patients were hospitalized in standard air-
controlled rooms or in high-efficiency particular air-filtered single
rooms. All p received ifungal prophylaxis (89% of
treatment cycles with fluconazole and 11% with oral voriconazole).
Regular (twice a week) monitoring of Candida spp. colonization (in
the throat, rectum and urine) and GM antigenaemia (Platelia
Aspergillus EIA; Bio-Rad) was performed on all patients. If febrile
penia not responding to antibiotics occurred, the patient
received empirical antifungal treatment mostly with conventional
amphotericin B, and then a routine full diagnostic work up for IFI
was performed.

Definitions. The new anticancer treatment cycle has been defined as
the period from beginning a distinct cycle of chemotherapy until
discharge, to the beginning of a new chemotherapy cycle or until day
+ 100 after transplantation (in the case of patients after allogenic
HSCT). The diagnosis of IFI was d according to the European
Organization for Rescarch and Treatment of Cancer/Mycosis Study
Group (EORTC/MSG) criteria and definitions published in 2002 (the
criteria available at the time of the study) (Ascioglu et al., 2002). The
BG results have not been used for diagnostic categorization of IFL. If
mucositis was present, the severity was scored at the time of the serum
sample collection according to the World Health Organization
(WHO) scale (WHO, 1979).

Blood sampling. Blood samples for BG analysis were taken twice a
week. Collection was performed mostly through venous catheters
using routine plastic test tubes (7.5 ml Monovette; Sarstedt). Samples
were allowed to clot for at least 1 b, and then the serum was harvested
by aspiration and stored frozen at —20 "C (2004-2006) or at =80 C

(starting in 2006). Sterile storage tubes (Sarstedt) and sterile pipette
tips {Eppendorf) were used.

BG detection assay. BG was detected with the Fungitell test kit as
rec ded by the facturer (Associates of Cape Cod). A total
of 5 pl of serum were briefly pretreated with 20 ul alkaline reagent
(0.125 M KOH/0.6 M KCI) for 10 min at 37 °C and then 100 pl
reconstituted  Fungitell reagent was added. The reaction was
incubated for 40 min at 37 "C and the optical density was measured
at 405/490 nm every 20 s (iEMS MF reader; Labsystems). Correlation
coefficients were >0.98 in all reactions. All specimens were tested in
duplicate. The concentration of BG in ecach sample was calculated
using a calibration curve. BG results were not used for the
management or classification of IFL.

Tests for false positivity. Plastic blood collection tubes (Monovette
7.5 ml; Sarstedt) were analysed for BG contamination. Each tube was
shaken for 60 min with 2 ml reagent grade water (Associates of Cape
Cod) that had been tested. Antibiotics were tested as a routinely
prepared intravenous solution and then after dilution to a common
serum concentration by reagent grade water. Erythrocytes and platelet
concentrates were centrifuged and acellular liquid supernatant was
tested in the same way as the serum.

Statistical analysis. Per test analysis was performed as published
clsewhere (Macrtens ef al., 2007; Marr ef al., 2004). Fisher’s exact test
was used for binary outcomes, the Mann-Whitney test was used for
the comparison of cycles with and with IFl in ¢
variables, and for pair wise comparison the Wilcoxon test was used. A
two-sided P value <0.05 was considered statistically significant,
Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated when cycles without IFI were
considered as being true negatives, and cycles with proven and
probable IFI as true positives. The receiver operating characteristic
(ROC) curve and the arca under the curve {AUC) were used to

the discri y capability of the BG assay for IFI
screening in h ological pati PPV was estimated for
different values of prevalence using the obtained value of sensitivity
and specificity. For statistical analysis, the software Statistica, version
8.0 (StatSoft), and R (R Development Core Team) were used.

RESULTS AND DISCUSSION

BG in the screening of IFl

During 104 anticancer treatment cycles (44 %, treatment of
acute myelogenous leukaemia; 399%, allogenic HSCT;
16 %, autologous HSCT; 1%, other) in 91 patients (63 %
male, 37 % female) 9 cases of possible [As, 8 probable 1As
and 1 proven IC occurred. The incidence of all IFls was
17.396; proven and probable IFIs occurred in 8.7% of
cycles. BG was measured in 1143 blood samples — median 9
samples per treatment cycle (minimum 3, maximum 46) —
and in 422 (37 %) and 308 (27 %) BG values were 60 and
=80 pg ml ', respectively.

The test detected 8/9 (89 %) of proven and probable cases
of IFls if the criterion one/single samples =60 or >80 pg
ml ™! were used, and only 6/9 (67 %) and 4/9 (44 %) when
criterion two/consecutive samples =60 and >80 pg ml ™',
respectively, were used. Interestingly, the BG values in the
only case of proven IFI (candidaemia caused by Candida
kruser) did not reach any of these cut-offs and the test
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remained negative. However, the BG detection was not
performed with the same blood sample as the one that was
Candida culture positive, although the sample used was
collected at the same time.

The sensitivity, specificity, PPV and NPV of the assay in
our study population for different criteria of positivity are
shown in Table 1. There could be several factors affecting
the sensitivity of the assay in our study: relatively low
incidence of proven and probable IFIs; using GM as part of
the criteria for probable IA (possibility of false-positive
results — but all known causes were climinated); admin-
istration of antifungal prophylaxis (however, fluconazole
was used in 89% of cycles, thus probably only sensitivity
for IC cases could be decreased); and finally early and
prompt administration of pre-emptive antifungal treat-
ment when the criteria for IFI were fulfilled.

However, the major limitation of using BG detection for
IFI screening in our study was an extremcly low PPV
(varying from 10 to 129%), regardless of the cut-off and
single or consecutive positivity that was used. PPV depends
on the prevalence of IFIs in the study and this was only
8.7% in our analysis. This could be one of the major
limitations in our study but this number is appropriate for
a combined group of patients with an intermediate and a
high risk of IFI. Moreover, the PPV remained low, even if
the results were recalculated for a hypothetical higher
prevalence of IFIs. For cut-off 2 values =60 pg ml ' and a
prevalence of IFI 10, 15 and 20 9%, the corresponding PPV
would be 12, 18 and 24 %, and for cut-off one positivity
=80 pg ml ' PPV 14, 21 and 27 %.

The other explanation for a high number of BG-positive
cycles could be the high sensitivity of the test. It detects IFI
at a very carly stage before being detected clinically and
could be covered and treated by empirical antifungal
treatment. However, we did not confirm this hypothesis of
cryptic IFL. The percentage of anticancer treatment cycles
with systemic antifungal treatment (empirical, pre-emptive
or specific) were not different between BG-positive
and BG-negative cycles, irrespective of the criterion of a
positive cycle used. Using the criterion for the BG-positive
treatment cycle of one sample with a BG value =60 pg
ml !, the frequency of systemic antifungal therapy was
32% in BG positive as well as 329% in BG-negative
treatment cycles (P=1.0). Similarly, for the criterion of one

sample with BG value >80 pg ml ™' these frequencies were
35 and 26 %, respectively (P=0.53).

Thus, the major reason for the extremely low PPV in our
study [also described by other authors (Digby et al., 2003;
Mattiuzzi ef al,, 2007)] was a high frequency of clinically
false-positive results (positive test results without clinical
correlates). A total of 76 % out of 422 and 75 % out of 308
BG-positive samples with a BG level =60 and >80 pg
ml ', respectively, were clinically false positive. Similarly,
approximately only 209% of all BG-positive cycles (irre-
spective of the criterion used) had any sign of IFL. Frequent
false positivities are an explanation for the absence of any
statistically significant differences in mean, median and
peak BG levels, as well as in the number of BG-positive
samples between the treatment cycles with and without IFI
(Table 2) and for the ROC curve showing with AUC 0.562
minimal discriminatory capability of the BG assay for IFI
screening (Fig. 1).

Analysis of the possible causes of clinically false-
positive results in the BG assay

We have performed subsequent analysis of data obtained
from our patient group together with further in vitro tests,
to identify the influence of all the major known factors
described in the literature as a possible source of BG
causing clinical false positivity in the BG assay. Mucositis,
possibly leading to cross-over of Candida spp. or its
antigens through damaged mucosa (Ellis et al., 2008), and
candida colonization (Pazos et al, 2005) as the cause of
clinically false-positive results of the BG assay are not likely.
Considering only cycles without IFI, there wasn’t a
statistically significant difference in the frequency of
mucositis, severe mucositis (WHO grade 11T and 1V)
or candida colonization between BG-positive and BG-
negative cycles. (The criterion for a BG-positive treat-
ment cycle for one value =60 pg ml™': the incidence of
mucositis ~ 48 % in BG-positive cycles vs 47% in BG-
negative cycles, P=1.0; the incidence of severe mucositis —
23% vs 299%, P=0.753; the incidence of candida
colonization ~ 46 % vs 41 %, P=0.789. The criterion for
a BG-positive cycle for one value >80 pg ml™": the
incidence of mucositis — 48 vs 48 %, P=1.0; the incidence
of severe mucositis — 24 vs 25%, P=1.0; the incidence of
candida colonization — 47 % vs 43 %, P=0.789).

Table 1. Performance of the BG assay - per cycle analysis

One value Two values One value Two values
=60 pgml™' (%) =60 pgml’ (%) =80 pgml”' (%) >80 pgml (%)
Sensitivity 88.89 66.67 88.89 4444
Specificity 19.77 47.67 32.56 55.81
PPV 10.39 11.76 12.12 9.52
NPV 94.44 93.18 96.55 90.57
1018 Journal of Medical Microbiology 59
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Table 2. Differences in BG levels and the number of BG-positive samples in cycles with and

without IFT (Mann—Whitnay test)

Cycles without IFT

Cycles with praven P
and probable IF1

Median (minimum-maximum) BG
cencentration in positive 5..1mp|.c:; {pg ml ]

Cut-off of 60 pg ml

Cut-off of 80 pg mi '

Median (minimum-maximum) of peak BG
concentrations (pg ml ') during cycles
Medsan no. of BG-positive samples per cycles

Cut-off of 60 pg ml™'

Cut-off of &0 pg m] ™' a0

115 (B0-1380)
141 (K0-1381)
bdE (0-13800)

97 (6I—1046D) n.521
143 (RO-10040} 276
177 (k= 10Wb0] 0.552
30 n.224
4.0 NE2S

Dhuring six cycles, without signs of TFT, false GM positivity
(two samples with the index of positivity =015} occurred
[four — administeation of Plasmalyte solution  (Baxter
Czech), one — administration of piperacillin/tazobactam,
one — unknown]. Except for the patient with unknown GM
positivity, all patients were BG negative in this period.

Antigens of some bacterial strains could react with the test
and lead to false positivity (Digby et al, 2003; Mennink-
Kersten et al, 2007; Pickering et al, 2005). Thus we have
analysed 10 episodes of bacteracmia (excluding positive
blood culture for coagulase-negative Stapliylococcus) that
occurred in & out of 104 treatment cycles during our study,
However, only in six of these bacteraemias, BG positivity

1.0 Saneility: BB %
Specficty: JEEW
0.8+
2 0.6+
z
3
(=
& 0.4+
024

0.2 0.4 0.6 0.8 1.0
1=specificity

Fig. 1. ROC curve of sensitivity (rue-positive results) versus
1=specificity (false-positive results) using different peak values of
B(G during the treatment cycle as cut-off values to define posstivity.
For a ROC curva with good discriminatory abdity the valua of the
AUC should be =075, however, for the ROC curve presented in
this study this value is only 0.562. Thus the peak value of BG during
fhe treatment cycle is not a useful indicator for detecting IFL It is
impossble to estimate a good cut-off value (with high sensitivity and
spacificity) for the test becauge in our ROC cuve the ncreasa in
sensilivity means almost the same decrease in specificity.

could be p[:s:iiHy considered as related, Three infections
were caused by Enterococcus spp., two by Pserdomonas spp.
and one by Kiebsiella sp. infection. We did not identify any
case of Preumocystis provert pnewimona in our patient
population during the study (Desmet er al, 2009;
Watanabe et al., 2009].

We have tested several batches of four of the most
commonly used antibiotics in our department as a known
possible source of BG - cefepime, piperacillin/tazobactam,
meropenem, amoxicillin/clavulanate {(Marty et al, 2006),
All antibiotics except cefepime had a BG value =80
peg ml™" when the vials of a stock solution were analysed,
All five different batches of cefepime were strongly BG
positive before dissolving (median 602 pg ml™"), but after
dilution to the common serum concentration the solution
was negative in the BG assay (median 18 pg ml™ "), During
16 out of 38 BG-positive treatment cycles (defined as two
consecutive samples with a BG level =80 pg ml™") without
IFI, cefepime was administered. In 14 out of these 16
cycles, cefepime could possibly have contributed to false-
positive results. Thus, its administration could have at least
partially contributed to false positive BG results signific-
antly frequently (Table 3), especially if the serum sample
was obtained shortly after the drug administration (Marty
et al,, 2006). The use of intravenous immunoglobulin and
albumin was very rare in our study population (Usami
et al, 2002) and none of our patients underwent dialysis
during the period of BG monitoring (Koo et al, 2009,

Leukocyle removing filters could bhe the source of BG
(Kedzierska et al., 2007; Nagasawa et al., 2003). We have
tested thrombocyte and erythrocyte concentrates, with and
without wsing these filters. Only 1 out of 11 fltered
transfusions had a BG level =60 pg ml™" (median 27
pg ml ', minimum 7 pg ml ™', maximum 72 pg ml™ '),
Interestingly 3 out 11 non-filtered blood products had BG
=60 pg ml~" (median 50 pg ml™", minimum 21 pg ml™',
maximum 80 pg ml ).

We hypothesized that the inserted CVC could potentially
be contaminated by a fungal species (mainly Candida spp.)
and thus any blood samples obtained through CVCs could
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Table 3. Details of 25 out of 38 treatment cycles without signs of IFl and with a BG level =80 pg ml™" in two consecutive samples

where a possible explanation for BG positivity was identified

BG-positive cycles defined as two consecutive samples with BG level =80 pg ml ™",

72, 670

Patient  Patient’s BG results (pg ml™") Possible influence of BG performance
initials  anticancer
treatment
cycle
J.A 2 8, 130, 111%, 51%, 80%, 136 (*) Cefepime administration
Z.D. 1 0, 129*, 1847, 1637, 22, 51, 101 (*) Bacteraemia (Enterobacter sp.)
LH. 1 0, 212, 76, 97, 97, 67, 0*, 49*, 90* (%) Cefepime administration
F.H. 1 0, 353, 23, 162, 41, 176%, 101*, 174*, 190*, 139°, (*) Bacteracmia { Enterococcus sp.)
Al 1 62, 0°,189%, 611°%, 31, 117%, 51*, 71, 45, 23, 36, 118, 33 (*) Cefepime administration
M.L. 1 82, 65, 74, 63, 43, 12, 84, 21, 14, 69, 104, 62, 33, 110, 28, 0, 40, (*) Intestinal GVHD and (1)
6, 45, 33, 0, 56, 76, 85, 0, 43, 36, 0, 91, 37, 1497, 877, 75° cefepime administration
M.M. 1 07, 13807, 96”, 94°, -*, 205*, 924", 392", 88" None - however, (*) all the period also false
positivity of GM of unknown origin
M. 2 46, 74, 75, 17, 17, 52, 21, 0, 10, 248, 124*%, 103*, 207*, 71°, (*) Very severe intestinal GvHD with severe
232°,0,64 mucosal damage; BG decrease after empirical
antifungal treatment
AM. 1 75, 48, 90, 75, 186, 71, 141, 120, 311, 216, 0, 64, 61, 55, 118", (*) Ad istration of intr
696°, 101°, 159*, 58, 161, 44, 20, 278, 69, 79, 63, 52, 0 immunoglobulin
M.N, 1 508%, 1397, 98%, 1209, 491, 1011, 671, 118t, 224, 190° (*) False GM positivity caused by Plasmalyte
administration and (1) administration of
cefepime
M.P. 1 217, 302, 214, 115* (*) Cefepime administration
M.R. 1 20, 19, 0, 26%, 160*, 155, 0, 0, 44, 141, 44 (*) Cefepime administration
MS. 1 1 9, 129, 13%, 130%, 91%, 0, 0, 0, 131, 41, 12, 31, 31, 100 (*) Cefepime administration
MS. 2 1 0,0,0,0,0°, 132*, 297*, 104 (*) Cefepime administration
D.S. 1 26, 80, 33, 74, 1072*, 301*, 14, 140%, 0, 12, 0, 36 (*) Febrile neutropenia with clinical
improvement after empirical antifungal therapy
ES. 1 405%, 274%, 131%, 53, 47, 117, 0, 48, 0, 12, 176, 4, 27, 2031, (*) Bacteraemia ( Enterobacter sp.) and (1)
2781, 591, 2091, 2131, 591, 1131, 55, 68, 24, 62, paraoesophageal abscess (culture positive for
Enterococcus sp., Enterobacter sp. and Candida
sp.)
E.S. 1 120, 266, 1157, 72%, 127%, 61°, 145, 149, 321 (*) Cefepime administration
]S.1 1 50, 22, 0, 26, 44, 66, 61, 34, 0, 0, 111%, 110%, 260", 8, 32, 0 (*) Bacteraemia (Pscudomonas sp.)
)S. 2 1 621, 681, 471, 125°, 222, 209, 88, 90, 107, 224, —, 203, —, 79, (*) Bacteraemia (Klebsiella sp.) and (1) cefepime
-, 133, 127¢ administration
K.S. 1 13, 182, 168, 184°, 372* (*) Cefepime administration
M.S. 1 0, 0, 0, 66, 219, 339*, 742*, 72 (*) Cefepime administration
Jv.1 1 47, 161, 74, 19, 807, 128°, 947, 147, 1377, 167", 82°, 78°, 21, (*) Intestinal GYHD
46, 77, 0, 61, 26, 0, 130, 25, 0, 177, 15, 0, 68, 75, 69, 28, 95,
120, 74, 73, 55, 0, 53, 0, 131, 65, 486, 9, 64, 82, 64
D.V. 1 58, 0, 133, 61, 0, 114°, 223°%, 78, 165, 751, 169, 93 (*) Cefepime administration
ZW, 1 18, 380°, 305°, 415°%, 193*, 202%, 20%, 638%, 550%, 4%, 0°, 384", (*) Severe typhlitis; also mannan repeatedly

positive

GvHD, Graft versus host discase.
* Important samples in the BG column and the cor
t Important samples in the BG column and the corr

¥
1
v

ding possible

v

exp ion for the BG positivity as indicated on the right.
for the BG positivity as indicated on the right.

contain BG. To test this hypothesis, paired blood samples
(onc sample from CVC and onc from a peripheral
venepuncture) were taken from 37 patients out of the
presented study — 20 patients without any signs of infection

and 17 with uncomplicated febrile neutropenia. However,
only three blood samples obtained via CVC had BG
>80 pg ml™" and in two of them the venepuncture
samples were also positive with this cut-off.
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Because BG could contaminate blood collection tubes, 40
plastic collection tubes (Monovette 7.5 ml; Sarstedt) used
in our department were tested for BG. The BG concentra-
tion was >80 pg ml ' in only three (7.5%) cases. Thus,
the vast majority of collecting tubes can be marked as BG
negative. Furthermore, any kind of clustering of false-
positive results into specific collection or processing dates
have not been identified, hence the important factor of
contamination of the storage tubes or pipette’s tips can be
excluded.

All in vitro tests mentioned above and performed for
the reason of identification of possible sources of BG
contamination were performed after the end of the study.
However, all production batches of antibiotics, filtered
blood products, CVCs and tubes available at the time
of analysis were tested. Thus the probability of large
differences in results between these two periods, if the same
supplier and brand were used, is relatively small.

Although none of the studied factors was identified as the
major reason for clinically false-positive results of the BG
test, each of them could at least partially influence some
patient results. Individual patient data were reviewed in 38
BG-positive treatment cycles (defined as two consecutive
samples with a BG level =80 pg ml ') without IFI
(clinically BG-false-positive cycles) in order to find a
possible reason for BG positivity during the period. There
were only 13 cycles where no clear explanation was found.
In the remaining 25 (Table 3), at least some clinically false-
positive results during the cycle could be explained.

Conclusions

In summary, although the BG assay can correctly identify
patients with IFI, when it is used for screening, the
sensitivity of the assay is relatively limited. Moreover, the
major limitation of this test is the high frequency of false-
positive results. With its extremely low PPV, the positive
result of the test in the majority of cases does not mean the
presence of IFI. Moreover, in contrast to the GM assay,
there wasn’t a single or even a small number of causes for
these false positivities that could be easily eliminated after
their identification. On the contrary, practically all factors
and situations that were analysed in our study could
partially contribute to the positivity of the test in patients
without signs of IFI. Thus, in summary, a combination of
all the possible sources of BG that were analysed in our
study and possibly others yet unknown lead to such a high
rate of false-positive results in often severely ill patients
with haematological malignancies. Hence, according to our
results, BG positivity cannot be used as a marker for the
beginning of a pre-emptive antifungal treatment in this
group of patients, and also the inclusion of BG positivity
into the new EORTC/MSG criteria for IFI, published in
2008 (De Pauw et al, 2008), thus may need to be
reconsidered. The only contribution of the assay in our
study was its high NPV. However, this raises the question
of the value of a relatively expensive test requiring specific
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3.3. Galactomannan in Invasive Fungal Disease Diagnostics

Galactomannan is an Aspergillus cell wall polysaccharide detectable in serum and other body
fluids during IA and represents the gold standard for IA diagnosis [15, 25, 27]. Our work
analyzing cases diagnosed at Czech and Slovak hematology centers and published in the form
of domestic and foreign abstracts definitively verifies GM’s indispensable role of GM in
probable IA diagnosis. An IA diagnosis became conclusive on the basis of GM combined with
imaging findings in the vast majority of cases. A commercially available ELISA assay (Platelia
Aspergillus, Bio-Rad) detects GM using a rat monoclonal antibody. This test affirms serum and
BAL fluid, whereas BAL fluid detection more accurately predicts IPA than serum presence
[26]. Circulating GM can be identified several days before the clinical manifestation of
infection and its level corresponds to fungal load. Several published studies evaluating GM role
concerning IPA diagnosis among hematological patients have confirmed high SEN and SPE
[57]. However, in determining IPA probability degree based on the GM consequence, many
factors potentially affecting test performance must be considered. False positivity, for example,
has been substantiated in patients treated with particular penicillin antibiotics (eg piperacillin-
tazobactam), Plazmalyte infusion solution [58, 59]. Ongoing antifungal therapy and
neutropenia depth at the time of sampling may also affect test accuracy [56, 60-62]. Similarly,
our team with the candidate co-authoring contributions published a manuscript evaluating the
GM role, detected in BAL fluid regarding IPA diagnosis and identifying neutropenia, antifungal
therapy, and aspirated BAL fluid volume as significant factors affecting GM test quality in [PA
prediction. This work is listed as Annex 17 in Chapter 3.3.1.1. Conversely, prevailing mucositis
as a possible cause of false positivity with a Platelia Aspergillus test where antigen passage
through damaged mucosa of the gastrointestinal tract was not demonstrated and, hence,

published as a manuscript listed in Annex 18 in Chapter 3.3.1.2.

The detection and predictive value of serum and BAL fluid GM within IFD diagnosis among
patients with hematological malignancies are further detailed in journal publications co-
authored by the candidate (in chronological order of ascending order). Two prime publications

are part of Chapter 3.3.1. Annexes to Chapter 3.3. (Annexes 17 and 18 sorted thematically):

- Racil Z., Kocmanova 1., Wagnerové B., Winterova J., Lengerova M., Moulis M., Mayer
J. Vyuziti detekce galaktomannanu pro diagnostiku invazivni aspergilozy u

hematoonkologickych nemocnych. Vniti Lék. 2008;54(1):45-52. ISSN 1801-7592.
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Racil Z., Kocmanova I., Weinbergerova B., Toskova M., Winterova J., Lengerova M.,

Buresova L., Timilsina S., Mayer J. Mucositis does not lead to false-positivity of the
Platelia Aspergillus enzyme-linked immunosorbent assay. Eur J Clin Microbiol Infect

Dis. 2010;7:851-855. ISSN 0934-9723. (see Annex 18 in Chapter 3.3.1.2.)

Racil Z., Kocmanova 1., Toskova M., Buresova L., Weinbergerova B., Lengerova M.,

Rolencova M., Winterova J., Hrncirova K., Volfova P., Skrickova J., Mayer J.
Galactomannan detection in bronchoalveolar lavage fluid for the diagnosis of invasive
aspergillosis in patients with hematological diseases-the role of factors affecting assay
performance. Int J Infect Dis. 2011;15:e874-e881. ISSN 1201-9712. (see Annex 17 in
Chapter 3.3.1.1.)
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3.3.1. Annexes to Chapter 3.3.
3.3.1.1. Annex 17

Racil Z., Kocmanova 1., Toskova M., Buresova L., Weinbergerova B., Lengerova M.,
Rolencova M., Winterova J., Hrncirova K., Volfova P., Skrickova J., Mayer J. Galactomannan
detection in bronchoalveolar lavage fluid for the diagnosis of invasive aspergillosis in patients
with hematological diseases-the role of factors affecting assay performance. Int J Infect Dis.

2011;15:e874-e881. ISSN 1201-9712.

IF =1,938 in 2011; INFECTIOUS DISEASES Q3; 35 citations according to WOS or Scopus,

without self-citations
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fackgroumd: We evalusted the performance of a galactomannan [GM) assay in bronchoalveolar lavage
{BAL) fusd compared o serum samples for the diagnosis of myvasive pulmonary aspergillosis [[PA) m
it with hensatological diseazes
Fletfods: Two Tamdred and [fty-five Bronchascepies wene pecformed on 230 patenis. Bronclial and
alwealar sansples Mrom AL Quid as well ag serum amples were analyzed in the GM agsay.
Reselis: Twenty-eight cases of IPA{11E) were diagnosed. The sensitkvity. specificiny, positive predicrive
value, amdl negacive predicrive value af the GM assay using a cut-aff of 1.5 were 57,15 B3E 940 %, and
92.5% respectively, for the alveolar sample; 4405 9935, 90175 aml 914%, respectively. for the
tranechial sample; and G0TE, 1005 1L and 93 8%, resprctvely, for serum, The highest sensinivity
| 78.6% | with zood specificity [58,EL) was ohtained with a 'triple detection’ of G in bronchial, alvealar,
and serum samples, Meurropenia and antifungal cherapy for only 24 b increased the sensitivity, while
antifungal treatment for =2 days decreassd assay performance, Moreover, a trend towards a higher
vodume of aspirated fuid in Gh-negative BAL (p = (L0E2) was observed.
Comclusfens: In contrast ta recently published data, we found only moderate sensitivity, but high
specificity and high positive predictive value of the detection of G in BAL fuid. In adedibon, nentropenia
amtilungal therapy, and BAL standardization affected GM assay perfommmance.

& 2011 Internadional Sociesy for Infections Diseases, Published by Elsevier Lod A rights resened

1. Introduction

The detection of Aspergillus galactomannan (GM ] in seruim
using the Patelia Aspergillus engyme immuncassay (EIA) (Bio-

Invasive aspergillosis (1A ) represents the most frequent invasive
fungal disease oocurring in patients with hematological malignan-
cies, especially those with acute Feukemia and after allogeneic
hematopoietic stem cell transplantation (HSCTL'Y The lungs
comprise the primary site of 14 in the vast majority of cases, and
therefore invasive pulmonary aspergillosis (PA] represents the
mast freguently socurrng form of this diseass, The high morbidiny
and rortality rates of thds infection, as well as difficulty in obtaining
an early diagnosis by conventional diagnostic procedures, has led o
the development of new non-culiure based technagues.”

" Compespomding aurhor, Tel,: #4200 53 ZI33642] G #4500 53 22733609,
E-arill aelalvisis: Zraciiifolamss.cz [T Racil),

Rad, France] has been studied extensively and represents a
sensitive, non-culture-based tool for the early diagnaosis of 14 in
paticats with hematological malignancies.” Moreover. GM can
also be detected in body Auids other than serum, since 2 water-
soluble carbohydrate is released during hyphal tip growth™
Recently, in viteo studies” and animal models” have shown that
during 1PA, GM s released ar an carber time and at a higher
concentration in the bronchoalveolar lavage (BAL} fluid than
in serum. Therefore, in an attempt to impreve the sensitivity of
the M assay in patients with IPA and to shorten the amount
of time to final diagnosis, several groups have investigated the
utitity of GM detection in BAL Muid® in mon-hematodogical or
imixed popailations, " "% s well as b patients with hematolegacal
malignancies, 02477
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Howewer, the clinical urility and benefit of the GM ElA assay
compared to regular serum GM screening methods remains a
matter of debate, primarily due to substantial inconsistencies in
the reportad sensitivity, which ranges from 5TE to 10052 aven
In samples from panients with hematological mallgnancies,

The heterogeneity may be relared to several factors that can
influence the results, including patient charactenstics,™ variability
in the definitions of [FA" and different cut-off optical density
(0D} values of GM used in BAL fluid” Moreover, there are several
covariates that may markedly influence the asay perfommance,
First, the administration of mold-active antilungal drags (including
prophylactic rreatrment ) chat can influence the hyphal growth and
antigen release Inte body Muids may affect the assay perfor-
mance."' ™ Second, neutropenia can lead to higher fungal bur-
den. ™ Finally, there isa lack of BAL standardization among studies
that have analyzed the presence of GM in BAL fluid, and therefore the
rale of pre-analytical variables has not been assessed, It is well-
kvt that the retum From the first infused aliguot during Bvage is
enriched for bronchial compopents. and should be analyzed
separately froem the returns from subsequent Hliguots, which are
of alveslar origin.**"* In addition, the total velume of BAL Auid varies
substantially among studies, and this can influence the Fungal
angigen concentration, and consequently the sensitivity of the G
assay, To date, no shudy has analyeed these pre-analytic factors,

Thee purpase ol this siudy wias Lo evaluate the performance and
clinkcal usefulness of GM detaction in BAL fluld compared to serum
samples for the dlagnosis of 1M in a large cohort of patients with
hematological malignancies. Moreover, we compared assay
performance using bronchial and alveolar samples from BAL fluid,
and analyzed the effect of the total BAL fluid volume on the GM
assay, Finally, we investigated the role of neutropenia and mold-
active anlthwingal treatment on the sensitivity of the M assay in
wer study popularion.

2. Methods
21, Sthudy populehion

W netraspectively reviewed the data ebtained from patisnts
treatad at the Department of Iaternal Medicine, Hematology and
Oncology of Masaryk University and University Hospital Bino,
Erma, Czech Republic, from juby 2003 ro September 2009, who
underwent a bromchoscopy with BAL for the evaluation of new
pulmonary infiltrates and who had BAL fuid tested for M. A
patient who underwent repeated sampling could be included in
the anabysis i BAL had been performesd on pulmonary inliltrate
that was cliarly & new presentation. All patients gave informed
consent before the procedure and the Insttutional Keview Board
apgroved the study.

Twenty-six BAL samples obtained from patients whio had a clear
false-positive result for GM in the serum. which was caused by the
administration of GM-positive kats of piperacillin-tazobactam ancd
amoxicillin=clavulanate  or infusion of  Plasma-Lyte  solution
(Baxter Healtheare ) were excluded from the analysis.

Patients were hospitalized in standard air contralled roems ol
In high-efficlency particulate air-filtered single roeoms. Patienrs
with neutrapenia bess tham 1.0 = 1071 (48.2% of episedes) received
antifungal prophylaxis at the time of the bronchoscopy; however,
only 5.9% of the patients received mold-active drogs

Repular menitoring of seram CM was performed twice a week
im all paients with acute leukemda and in patients who received an
atlogenets HRCT. For all other patlents, the serurm GM was tested
only in cases of pulmonary Infilcrate or febrile neutropenia. If
febrile newtropenia did not respond to antibiotic treatment, the
patients received empirical antifungal treatment, which predomi-
nantly consisted of conventional amphotericin B or echinocandin

eBTY

This treatment was followed by a routine full diagnostic work-up
for imvasive fungal dizease, including a high-resolution lung
computed tamography (CT] and BAL in the case ol pulmonany
inliltrares.

2.2 Fiheraprc bronchoscopy and sample Invesngation

Thee site of the Rberoptic bronchoscopy was guided by a high-
resulution lung CT, Eight to 10 sequential, 20-ml aliquots of sterile
saline solution were inlused into the lower respiratory tract, and
each aliquot was immediately aspirated, The retuwm from e first
aligguot {bronchial sample) was processed separately from the
returns from the subsequent aliguots, which were pooled together
and homoegenized [alveslar sample) Both portions of BAL fiuid
were submitted for oftofogy assessment, direct examination,
hacterial. fungal, and mycobacterial culture. and GM detection
Viral and Preumocysnis firevect sereening by PCR was performesd on
the abvenlar samples only,

23 GM detection

GM detection was performed for both samples of BAL fluid
separately (ie, bronchial and alveolar samples), Moreover, the
Platelia Aspergiflus GM EIA [Rio-Rad, France] test was used to
detect GM in serum samples taken smediately prios 1o the
bronchoscopy. The BAL specimens were centrifuged at 1000 rpm
for 10 min and the supernatant was used for GM derection. The
Platelia Aspergillus GM ELA rest was performed according to the
manufacturer's recommendations for testing serum samples. The
assay was performed three times a weeek in a routine microbiology
laboratory, Samples were stored at - 200°C until used for testing, All
tests with an 0D mndex =05 were repeated on the same specirmen

24, Case defininon and starisncel amalysis

The medical records of all patients were reviewed, amd each
case of pulmonary infiltrate for which BAL was performed was
classified as proven, probable, possible, or no IPA based on the
revised European Organization Tor Besearch and Treatment ol
Cancer|livasive Fungal Infections Cooperative Group and the
Mational Institute of Allergy and Infectious Diseases Mycoses Study
Group | EQORTCMSG ) case definition.™ The detection of GM in BAL
fluid and serum samples obtained during bronchoscopy was not
included as one of the microbiclagical criteria

The Mann-Whitney test or Kruskal-Wallis analysis of variance
[ANOVA] was used o compare independent  subgroaps  of
bronc hiscoples In continuous vaclables, and the Wilcoxon 1esq
wias wsed for a palr-wise comparison. A nwo-sided p-value of <0005
wias considered sratistically significant. The sensitivity, specificity,
positive predicoive value (PP, and negative predictive value
[MPY] were calculated when bronchoscopies withour 1PA were
considered as being tree-negatives and episodes with proven and
probable IPA were considered as  rue-positives, A receiver
operating clharacteristic [ROC) curve and area under the curve
[AUC) were used to estimate the discriminatory capability of the
GM assay performed in both samples of BAL fluid and of the serum
sample obtained during bronchoscopy for IPA detection. For
statistical analysis, the software Statistica wersion 9.0 (StatSoft)
amdd K (R Development Core Team) were used,

3. Resulis

During the snedy period, the bronchial and alveolar samples of
BAL fluid obrained from 255 bronchoscopies in 230 patients were
tested for GM. The baseline characteristics are shown in Table 1.
IPA was documented in 105 (41.2¥%}) of the bronchoscopies
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Tatee 1
Bazeline characienshes
Muenher of patients 230
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Musriber of BAL parient, median | range! 111-2)
Mz, (%] 151 |65.7X)
Women, n (%] 79 (3433
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Other 34 14Ex%)
Prohabalery of 1PA ar the fime of BAL n (9]
Proven 114 T2
Prohuble 1% 21 (B
Possilile [P 77 [30.3%)
Mo IPA foonceed} 150 [SRET)
Moeuriogenia { <100 10T} an the cimse of BAL, 0 (%)
Al samiphes
Wes 123 [4B3T)
Mo 125 (490}
FiA T
Proven and probahble jitd
ey 18 [64.0%)
o LREFREY]
A 1 3E%)
Pz IPA
Wes 4B [32%]
P BB (6531
oty 4{2.TR)
Peodcl-active angifurgals at the timse of HAL n|X)
Al samples
Yes 125 (a8
o 125 [482%)
A TIETE)
Pranven aiud pusdsable 119
Wes 20 [71.4%)
P B [ZEE)
A AL EA]
Mo IPA
¥es an [26.7%)
Mo 103 (6R.TL)
BA T [ATE)

RAL llwlll.llunlwulnll Bivage: AMIL aople oyl oid askerimia: MOS mypckedmplantic

MWHL rin-Hodgkii lympl CLL, channic lymphocyTic leskemiag MM
mulnplrlr!;flnum a'l.l.L.in.irIylmM‘hl:s:lr leakeimla; CML, chranbc myelogenous
y aspergillosks; BA, not availalde.

according to EORTC{MSG criteria: however, the criteria for proven
ancl probable IPA werns fullfilled in omly 28 episodes (113}
HNewtropenia less than 10 = 107 and  trestment incleding
prophylaxis) wath mald-active drugs occurred during 48.2% and
A9 of the BAL respectively.

3.1, Assay performance with the bronchial and alveslor sampies from
BAL furid

The GM OD kndex values for all patients sccording o the
probabdliny of IPA. a5 weell as For both analyzed sampies of BAL fluid,
are presented In Figure 1. The median GM OD index values for
bronchial and ahveolar samples from BAL Auid were significantly
higher in the proven and prabable IPA episodes compared to the
possihle [PA episodes and control BAL (no IPA) (p = 0.001],
However, there was no difference in the median GM values
Berween the bronchial and alveolar samples from BAL fuid amaong
the proven/probable [PA episodes (0D Index of 0.3 for the
bronchial samples ws. 086 for the alveolar samples, p= 0904

The GM assay performance for both samples of BAL fluid
separately or in the combined analysis for different cut-off OD
indewes is shown in Table 2, ROC curves for bronchial and alveolar
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Figure 1. Distribunon of che GM OO index walues i the broschial and atvenlar
samples from BAL fak] according to the EOATC/MSG delimaion for IPA JGB1,
galactomanman; 00, opticall dewsity; RAL broschoaiveolar vage; EORTCIMSEG,
European Organizaton for Hesearch wml Trezsment of Cancerfimasive Fungal
Infections Conperabive Smup aced the Mational Institoie of Allergy amd Infechous
Drispases Mycorses Stody Gronp; A, invssne padmuonery aspergiboss),

samples are shownin Figure 2. A GM cut-oFOD ind exc ol 0.5 revealed
the best sensitivity for all anatyses with only a limited decrease in
specificity or PPV, The detection of CM in the alveslar sample
exhibited better sensilivity comgaared tal e bronchial sample of BAL
Nuibd. However, in two (7.1%) of the bronchoscopies perfarmed far
proven)probable [PA, the alveslar sample of BAL Muid had a GM O
imdex of < 0.5, while the bronchlal sample was positive at this cut-
off value. Thus, the highest sensitivity was achieved when a
combined detection was performed on both samples of BAL fluid.
and ifany of the samples achieved the GM OD index cut-off value. the
patient’s BAL Muid was marked as GW-posalive.

3.2 Agzay perfarmaice - serum

A serum sample obtaimed at the time of the BAL, which was not
included in the microbiological critenia for stratification of IPA
prabability. had the best performance parameters at a cut-off 05
ingbex e L5 [Tal:ll: 2 anal Figure 23, Inferestingly, GM detection in
this single serwm sample and a1 a cut-of 0D fndex of 05 had Derer
sensitivity, specificity, PPV, and NI compared to the bronchial or
abveolar samples of BAL fluld alone (Table 2). However, five of 11
[45.5%) paticnts with 4 negative GM test in the serum (for a cut-off
of (1L5) had positive hronchial or alvenlar samples of BAL fluid at the
same cut-off 0D value, Therefore, not surprisingly, the best
performance ol the Platelia Aspergillus test was achieved when the
‘teiple testing' (4 GM OD index of =0.5 in the bronchial or alvealar
samples of BAL fluid or serum sample obtained during bronchos-
copy ) was performed. which showed a sensitivity of TE.6% {Table
=

3.3, BAL fluid colhure mnd micoscopy

Only theee aur of 28 BAL MNuid sampbes obdained during episodes
of proven/probable IPA were culture-positive for Aspergilius sp
| three Aspergtlius fumigens . However, none of these samples were
positive for fungal hyphas by microscopic analysis. Thus, the
combined sensitivity of these conventional microbiological meth-
ouls was only 10.7% Moreover, two out of three samples had a GM
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° Bokh =amples must be positive at i selecied cut-off 0D ks to msark the mesult as positive,
" For serum =amgles — the fest i pusitive sl one sample alreasity revealed the pre-specifed cut-off 00

0D of =0.5 in the bronchial or alveolar samples from BAL Auid. The
only GM-negative patient, who presented with pulmonary
interstitial Fibrosis after an allogeneic HSCT, had 3 borderline
positive GM test in a bronchial <ample of the BAL fuid (G 0D
index of 0.46). The serum GM testin this patent was negarive [GMW
o0 index of 0071

4. Parameters thor affect the GM essay sensitividy in BAL fluid

We analyzed the effects of neutropenia, mobd-active antifungal
treatment, amd e valume of admindstensd fuid doring BAL on
assay performance. Two-thirds of the patients with proven)
probable IPA had a neurrophel count of <1.0 = 10%1 at the ome
of bronchoscopy. The sensitivity of the GM test performed on any

Takle 3

of the BAL fluid samples from neutropenic patients was
approximately two times higher than from nop-newtropenic
patients (Table 3} Although fess significant, the sensitivity of
the assay for serum samples obtainsd during bronchoscopy was
higher in nevtropenic patients than in non-neuifopenic patents
[BE.7E vs. 55.6%, respectively).

For the majority (71.4%) of provenfprobable [P episodes,
patients received mold-active antifungal vherapy, However, the
length of antifungal treatment at the time of the BAL procedure
differed significantly. with a range of 1-25 days and a median
duration of 2,5 days, The sensitivity of G detection in the
bronchial and alveolar samples from BAL fluld, 25 well a5 inserum,
decreased significantly when the reatment had Lasted =2 days ar
the time of the bronchoscopy {Table 3). However, in patients whi

Thee senaitivity ol the galaomeansan assay by proven and probalde ewasive pulimssany asperglllosis cases using acut-ofl galaomnancan opaical deeally iodeq of 105, and the
intluence of nemropest and mold-acuve aatifungal reacment a5 che tme of broncdescopy

EBAL - lmnckdal RAL - alyeodar Bronchial ar Baonchidal and Serum ar the day
sample samiple alvznlar sample alvenlar sample of BAL anly*
Peeutrogsenia <100« 3071
Wes [n=18]) S B, T.2% 43155 5.7
Moin=8) i e EER L 1258 554
Antifungaks 1 day anly
Wi (=6 &33% (RS 1119 A3k 1 IHTE
M in=8) IEBE G0.6rE RLAE I4.3% AT.5E
Anpilungats =2 days
wes (=141 3338 42.9% SOE anas A
Bein=14) 533A% T14%T TEE% 4521 G451

AL, bronchoalveolar Bivage; OO, optical density.

® For semam samipes - ihe bext v positeee if one sample already revealed the cut-off 00,
" Hewtrophil count was mn know for one patient withy prosen grobable invesse asperzillosis
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had started antifungal treatment within 24h prior to the
bronchoscopy, the sensitivity dramatically increased to §3.3% in
the broswhial sample anc 100E in the alveslar sample of BAL fluid
angl 100% in the serum sample, compared 80 patients wlho did not
receive antifungal treatment [Table 31 Similarly, the median GM
0D index in both samples of BAL fluld was highest in patients with
episedes of proven/probable 1A who had been treated with mold-
active antifungals for only 1 day (Figure 3}, compared to patients
who had received a longer treatment period of antifungals or no
treatment at all

Finally, we analyzed the relationship between the volume of
administered sedution used for the BAL or the valume of aspirated
BAL fluid and the positivity of the GM assay from the alveolar
sample. Although there was no significant relationship between
the amount of administered solution and the GM assay (p= 01711
there was a trend towards a higher volume of aspirated fluid in
GM-negative BAL (p = 0.092] (Figure 4],

120
p = 0.092
E 00
=
g 1]
= 40
g
B an} ©oMean
g ns
5% Q1
Alveolar rample ==0.5 Mbsnclar sample =0.5

Figure 4. The mean, 58, and 95% 01 of aspiraced BAL fhaid volume in prowen (paobable
P4 episodes according fo the GM GO0 mdex (5 stapdard emror; O oonfkdence
interval: BAL bronchoatveolar lesape: IPAL invasive palmonary aspergpiloss; G8,
palpctomsman; O, opheal density |
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4, Discussion

In this study, which represents the Largest cohort of patients
with Bematobogical diseases published to date, we found moderate
sensitivity as well as excellent specificity and PPV for the detection
of GMLin BAL Auid when a cut-off 0D index of 0.5 was used.

The sensithvity for the detection of GM in BAL fluid (abveolar
sample; 57.1%) determined in this study was lower than that
published in the majority of recent studies on hematelogical
patients, which have repogted 3 sensitivity with the same cut-oll
00 {ndex rasging from 735 to 100, 25202527 Th galy éxception
1o these previous findings is the study by Bergeron et ab, which
showed a sensitivity of 57.6% very close to the one determined in
our study.?

There are several potential reasons for the sensitivity differ-
ences in the detection of GM in BAL Auid between published
studies and our data, First, the definition of patients with 1PA could
differ among the stuclies {Le, differences in diagnostic criteria of LA,
the use of serum GM as part of the eriterla, or the inclusion of
possible 14 cases for the calculation of the test sensiowity)
Howeever, this is mast likely not the reason for the difference, since
the wast majority of recent studies. including our study, wsed
EORTC/MSG 2008 criteria™ and did not include the possibility of [4
in the analyyis,

second, the composition of the analyzed hematelogical
populateon, as well as the degree and type of immunadeficiency,
varied among studies. For exampde, BB of the patients in the siudy
by Musher et al. underwent HSCT,' while inthe study by Hsu et al.,
only 208 were treated with an HSCT; however, 90% of the patients
had neutropenia ™ It is well-known that the GM assay has a better
performande on serum samples from patients with neatropenia, ™
However, the only study that has analyeed the offect of
neutropenta on the sensitiety of GM detection i BAL fluld in
hematological pattents did not find any difference in the sensitiviny
between patients with or withour a decreased neutrophil count.™
Nevertheless, contrary to published data, that study alsa did not
find any difference in the sensitivity of the G assay in serum
samples,“* In our study, we found significantly better sensitivity in
thee aseay hor patients with neutropenia, The sensativity was almaose
two Eimed greater in neutrapenic patients compared 0o son-
newtropenlc patients in all analyzed samples of lavage fluld. These
findings are in agreement with the recognized differences in
pathogenesis and disease progression of aspergillosis in animal
studies,* ™ In neutropenic animals, intensive hyphal growth, high
pulmanary fungal burden, and angioinvasion results in high GM
concentrations  in both the lungs and seraem. En contrase,
pulmonary inflammation is the main cause of disease progression
in non-neatropenic. steroid-immunesuppressed animaks. More-
over, the fungal burden is bow with little angioinvasion in these
animals, which resulis in GM levels close o the detection
threshold. ™

Third, prophylactic or empirical administration of mold-active
antifungal therapies may be another possible cause of the
vatiability teen in the test sensitivity among published studies.
However, the data in the literature are controversial. While some
studies report no impact of anofungal therapies on assay
sensitivity for BAL fluid **2? other studies describe a decreased
sensitivity in patients with antifungal treatment lasting =3 days,™
and still others hawve shown that the administration of antifungal
agents seems 0 increase The sensitivity ol GM- detecton in BAL
Mubd, "™ Our stucly results represent a combination al boeth of
these concepts and provide an explanation for these discrepancies
(Table 3. We confirmed the conclusions of the study by Luong
et al. " which showed that in clinical practice, empirical antifungal
treatment reflects a physician's suspicion of fungal discase and
may serve as a surrogate marker for the infection, Thus, the assay

CLEs]

semsitivity im our paticnt group was  significantly  higher in
imdividuals who had just started empirical treatment with
antifungal drugs and who had receved only one or two doses.
Howeever, treatment with antifungal therapy for =2 days promptly
decreased fungal load and concomitantly decreased the assay
seqsitivity for both samples of BAL flubd, as well as serum. These
results also confirm the Andings of Becker et al.™ and Marr et al.™!
Finallly, we hypothesize that the studies that did not find any effect
of antifungal therapy on assay performance™** may indeed
ibentify an eflect il the two groops of patients with differemnt
lengths of Tungal reatment descriibed o our study wens analyzed
togerher.

Finally, the most crucial factor that affects the sensitivity of GM
detection in BAL fluid is most likely the standardization of BAL
performance. The volume of collected BAL flwid can influence the
GM concentration and consequently the assay reactivity.**~" Dur
data have for the Rrst time proven this hypothesis, as we have
el a tremad towards a highes valome of aspirated fluid m GM-
negative BAL (Figure 4} Since the yolume of collected BAL Muld ks
dependent (besides other facvors] on the volurme of Instilled sterile
saline during the bronchoscopy, it s a critical factor for differences
In M assay performance, and there is significant vanability in the
amaount of instilled solution amang studies in the literature;
ranging from 40 to 200 m) 252 Moreover, while the magority of
stucies performed GM detection in the homogenrized alvealar
sample of the BAL fwid (& recommended®], there are same
Instances where GM was desected in the first obtained aliquot of
BaL flusd (bronchial sample).™ This could be an additional factor
affecting the variability in assay performance among the published
studies to date, since our study has shown a significantly lower
semsitivity of G detection in the bronchial sample of BAL ffuid
compared to the alveslar sample Nevertheless, combining the GM
assay pesults from both samples of the BAL fluld could lead to
further improvements in assay sensiovity, because in some of our
P4 cases, only the bromchial and not the alveolar sample was
positive [Tahle 2],

Several stuedies have reported fow specificity and PPV of GM
detection in BAL fluid wsing a GM cut-off 0D index of 0541492
due to the high freguency of lalse-pasitiive results that were mainly
cansed by the sdministration of B-lictam antibioties?" These
authors recommended using a higher cut-off O Index than 05 (n
order fo improve the assay performance. In our large study
population, patients with explicit false-positive results from the
detection of GM in serum caused by [A-lactam antibiotics or
Plasma-Lyte solution™*" were excluded from the analysis, After
exclusion of these patients, we loand that the specilicity and PPV al
the assay wers very high (99.3% and 94.1%, respectively] when a
cut-off 00 of 0.5 was used, which was not significantdly improved
by increasing the cur-off value (Table 2}

There are only a few studies to date companing the sensitivicy of
GM detected in BAL fluid and serum samples. There are two
important limitations to this type of analysis. First, serum GM
detection is generally vsed as a criterion for the diagnosis of
probable 1A, and therefore an analysis that evaluates assay
performance in 1A cannot be performed, Second, the samples
used for GM detection are usually not obtained at the same tme or
even same day as when the BAL is performed. Becker et al®®
pubdished the anly study that did not use serom GM a5 a criterion
for LA, and found significantly higher sensitivity of GM detection in
BAL flaid compared o serum (TEFD wi 475 respectively )
Hevwewver, the serom GM was nob olitained at the same time as
the BAL procedure, and & cut-off 0D index of 1.0 was wsed for bath
serum and BAL fluid, In oor stedy, the serum samples were
obtained immediately prior to the BAL procedure, and the result of
this sampling was not used as a criterion for 1A diagnosis, Using a
cut-nff Q0 index of 1,5 resulted in a sensitivity of 6007E, which was
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similar to the results obrained from the abveolar sample of BAL fluid
(57.9%) and the combined analysis of bronchial and alveslar
samples from BAL Muid [64,3%) (Table 2} However, it must be
moted that some patients had negative alvealar or bronchial
samples from the BAL fluld while exhibiting a positive GM test
resale from the serum sample taken prior to the BAL procedure.
Thus. the highest sensitivity of 8.6 with high specificity and an
acceptable PPV was achieved when 'triple testing was performed,
which included a GM 0D greater than 0.5 in the alveslar or
tronchial samples from the BAL Nuid or in serum (Table 2],

Thae Hmdrations of ouwr study could be the retrospective design
and the exclusion of patients who bad clear (alse-positive assay
resules from serum analysis. However, since there is awver 10 years
of experience with this assay, virtually all mapor factors that could
cause a false-positive in serum are well described and known,
Therefore, in our opinion, patients with false-positive results
caused by a known interference factor should be excluded from a
retrospective stwdy, This approach will more chosely reflect what
gecurs in current dally clinkcal practice rather than repeatedly
reporting the oocurrence of false-positve results caused by B-
lactam antibiotics or gluconate-containing solutions, ™' even
though at present, these drugs and solutions would not be given ta
patients where GM is monitored,

In comclusion our retrospective stwdy, wihich is the largest
prushalished study o hemat |!|||:|Ei|.'i] patienls to date, leund maderale
sensitiviry as well as high specificity and PPV of the GM assay inBAL
fuld [(alveolar sample) when a cut-off 0D of 0.5 was used.
Importantly, the moderate sensitivity of the GM test in BAL fluid
found in the present study is in contrast to the vast majority of
published reports and meta-analyses performed todare, In addition,
the moderate sensitivity of the GR test in BAL Nuid was close to that
found in serum samphes obtained at the same time as the BAL
procedure. Therefore, n this study, we have claarly identified three
major factors that affect assay performance: {1] the need for BAL
standardization, including the sample of BAL fTuid used fos analysis
and the volume of instilled solution; (2) the role of antifungal
therapy and the treatment duration prior to the BAL procedure; and
(3] the higher utility of the assay in neutropenic patients. Moreover,
wiet have demonstrated the advantage of combining the assay resles
from the BAL fheid and serum samples obrained at the same time for:
the detection of GM. Thus, the best assay performance for detection
of 1A, is obtained when a ‘miple’ GM detection method (s vsed,
including the simultaneous detection of GM in the bronchial and
alvepdar samples from BAL fluid as well as serum from newtropenic
patients who have just initiated empitical antifungal therapy due to
a clinical suspicion of disease,
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Abstract Weare repoming a sty evaluating the crossover of

antigens reactng i Platelin dspergaitfus (PA) enzyme-Imked
immunosorbent assay (ELISA) from facces to vessels during
mucosiis as a possible conse of false-pesbivity of thas test, In
our serics of [02 cpisodes of different grades of miscositis,
we found srong reactivity of fieces in the PA ELISA tesi
imespective of the grade of mucosits, the percentage of oral
fisod miake or the presence of ttal parenteral nutntion.
However, none of the patents included in the stsdy were
positive in the serum (when the criterion of two samples with
cut-oft index of positivity [IF]=0.5 was used)

Introduction

The degection of the circulsting galactoamanna {GM ) sntigen =
of high imporance in the early dingnosis of imvasive
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asperpilbsis (TA) in patients with a haematological malignancy.
Its regular manionmg in the senm using Platelia Aspergiiing
{PA) enzyme-linked immunozorbent assay (ELISA) test
(BweRad, Framee) s standord wmomost hoematooncologieal
units. A meta-onalysis noted the tost’s scnsitivity of 79%,
specificity B6% and overnll scouraey of 89% [1]. However,
[alse-positive results are one of the major limits of this assay.
[uring recent years, two magor factors contributing 1o this
false-positivity of GM ELISA test were well defined—he
alminisirition of some antimicrobials (piperacillindazobac-
fum, amoxicillm and amgicilling and Plasma-Lyte seluton
{Baxter). These reprosent =800 of GM false-positive resulis
i some centres (2, 3], Mucositis aml the mesage of dietiry
Gh or exoantigens from bacteria o fungi inbo the blood
eirenlation via macosal Jesions of the gastroastestinal et has
been hypothesised by some investigators o be another source
oof falza-positivity af the test [4, 5], However, fill now, there
have nol been uny studies cvaluoting this theory. We,
therefore, conducted a study 1o evabusie the clinical relevance
of mucositis and its seventy, i well as the amount of ol
intake during the period of mucositis, o G ELISA tesl
performunce i patients with o huemusological malignmey

Fatients umd methads

Hetween December 2007 amd August 2009, 75 patents
treated with chemotherapy with the risk of mucositis
occurmence were enmolled inoour study, Al patients signed
their written informed consent for mchesion in the study.

Any tme dunng the episode of a certain degree of

mucesitis, twoe comsecutive blood samples und one stool
samphe for GM detection were obtained within a 24-h interval
in patients with difterent grades of mucosais, A patient could
b inchuded inthe study several times if the grade of mucositis

0 Springer
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progressed, The seventy of omal mucosis was scored
according to the Word Health Organization (WHO) scale
[6] and for the grading of intestinal mucosstis the Matsomal
Cancer Institute Commen Texicity Crtenin (NCI-CTC)
Wersion 3.0 seale for non-infections dinthoea was vsed [7]

Al the time of sampling, none of the mehded patents
had signs of 1A {occording to the European Organization
for Research and the Treatment of Cancer' Mycosis Stusly
Group) [¥] or any other imvasive fungal disease and had
prophyloxes or erpirical treatment with a mouk-active drug,
All patients received omal o introvenous co-iimoxazele as
Preignrocisiiz pivves prophylaxis and 9% of patients had
anti-fungol  prophylasis with ueenweole o the tme of
sampling. Antibiotics used for the empincal teatmont of
febrile newropacmia (if present) consisicd of; paperaciiling
tazobactom (only GM-nogative batches were used for
freating our patients), celepime, amkacin and meropesicm.
The percentoge of standord oral food imtake (regularly
momtored by mursing staff} and the presence of total
parenteral nutrition at the time of sampling were collecied.

Pa ELISA kit was uwsed for GM detection. Analysis of
serum samiples wis performesd accordmg to the manutac-
turer's recommendation. For the analysis of stool samples,
| g of fseves was desintegrated i | ml of distlled water unsd
then centrifiged at 3,000 rpm for 100 min, If there was
chingrhioes, 2 ml of feecal material were direetly centrileged.
After centrifugation. 300wl of supernatant was tested m the
PA ELISA test Beactivity of the assay was expressed as an
index of posiivity (1P} per stool sample. Foeenl specimens
were teabed within 4% b afier collection and were stosed at
280 wntel the tme of analbysis.

Results

Two hundred amd four blood and 102 stool samples
obtained in |02 episodes of mucositis @n 735 patents (1.4
episode per patient) with different hoematologseal malig-
nancics were analysed for GM presence (blood samgples)
and PA ELISA reactivity {stoel samples)k, nespectively,
Baseline haematological disease. as well a8 anti-cancer
freatment are shown in Table |

Stool samples were highly reactive in the PA ELISA
assay, with a median 1P of 3,52 (range 0.07-14.4), The
reactivity of facces m the PA ELISA assay wos not
significantly infleenced by the mucositis grade, percentage
of standird doily oml inmke or the presence of todal
parenteral nuirition (Tabkle 2. Fig. 1} The differemce
between the median reactivity of faecal samples obtained
during different grades of mucesitis in the PA ELISA assay
was ot statestically sigmibicant (p=0,416; Krskal-Wallis
analvsis of vanonce [ANOVA]L The medians of [Ps of
atonl smples obtmned dunmy episodes with various percen-

) Springer

Table | Domographs dat

Mo () [range]
Wa, af pstienis T3
MaleTemale 30 (RFE (4R
Mopdian age (vears) 56 [0-71]
Busolire: desvass
Acuse mvelied laikemamyelodysplastio L1
syndmame
Acute hymphobiastic leakemes 14 {19
Mubtiple myeloma P e ]
Wun-Hiadghin's lvimphooa [P
Hodghin's hymgshoma T
{her 4 13%)
Type o mnli-canur treatminl
Mllogenese HECT 1 (%)
Reloied umrelated & { THa)S (B%)

My eloabiativi non-mycloablative
wamusfioaing
Antluiagous HECT IE {514
linductivg're-isduciion chemmberapy of L
acule leukemamyelochveplastic symdrame
Corsnlsdating chemodhcrapy of acute leukemas & (105G

E (1% (4%}

Coevention chemothernpy of lymphomn [LiEER

(nhet BT
e, af mominred gpisodes of mmucasidis mnma2

mal mmcositis 21 21

Intistinal mumgossis 42 {41740

Coral il imdestieal mucosdis ELONES S

HSET = batmatopoictss gem cell tnissplanation

tages of standard daily food intake were not different: 10095
1o 78% of daily amount, median [P 1.52; T4% 1o 5004, 4.5
4% 1o 25%, 4470 24% to 0%, 302 (p=0aG66; Knskal-
Wallis ANOVA)L Finaly, the median [P in faeced from
episodes with total parenters] nutmitien were slightly lower
compared to other samples, bat this was not stanstically
significant (2015 vs. 348, pr=thill; Minn- Whilney ).

In contrast, GM levels in serum samples were independent
ol M in faeces and grade of mscosits (Table 1), The median
GM IP in serum samples was 010 {range (0042 48). When
ciiterion for the test postivity of ope sample with P = 0,5 wa
usedd, only one patiert (moreover, without mucositis] would
b marked us GM-positive. However, o consecutive saniple
from the same patrent hasd GM IP=005 and usimg commen
clinical eriterion for PA ELISA test positivity (two. samples
with [P=01.5Y, the patiert was identafied ws GM-negative,

Discussion

In the presemted stady, we have tound ne fnlse-postive
results of the PA ELLSA test {defined as GM [P=0.5 in two
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Tabde 2 Medion and 25-75% milerquorile rarge. of Platclin Arper
giftus (PA) eneyme-dinked immueosochent assay (ELISA) sasy index
al posikivity () in the serum amd slool somphe, percentage of daily
aril it andl porcentape ol patients sweh okl paivoteml milntios

cluring different grodes of mucesile according to the World Health
Organdzation {WH3 end Nabonal Cancer nstiinte Common Teadcity
Criterin (NCHCTC) scales

Median P {25-75%
mergquantile range)

Lrrade af
Fe s (o

Mo, of eptanddes with smple
aomsective IP=005 16 aeriom

Mueduiin 1P {15-75%
et pngel

Medinii e ol
starrdnmed claaly

S o paliciina with
il parensenal

af gsed eprsndes) s asmpes sl (posinive reall) sl simples el intake [T
0 dw=22) [ER ER LR R 1 ol LU e 8 R LLUL e

1 ir=19) UL 40090, 115) L] 559 (n6d-8.12) w0 L6

2 §m=22] D12 40.08-40.18) amn 400 (2835 =0 [
Lie=11 (LR LRIE SR LU 308 (I IR-10.5] LU (L

4 dw=21h OO 40LAVT -0, | ) LU 242 (10462 o ot

P = ipedden ol posicivicy

eonsscutive serum samples) m 75 patients with - hosmito-
logical malignancies during 102 episedes of different
H_'r.u.l.h‘m of mvecosiiis, However, 102 matched staol .\arrrph:;'.
obfained i the same period revealed strong reactivity of
facces i this wssay with a median [P of 3.5, This miensive
reachvity of faeces wns not mftuenced by the grade of
mucositis, daily oral food intake amount o nourishmen
with tednl parenieral nwtniten, Thes, eur stdy did ol
confimy the possibility of ¢rossover of these faccal antigens
d.ll:rml:; HY |'||.-rivu-|,| al |1r||.q;nmlis {61 ||w ST and I|'||:~ir
influence on the outcome of the assay reaction when festing
these serum samples.

The specificity of the PA ELISA test for the carly
diagnosis of 1A is hampered by the occumence of false-
positive results, Although o majority of these events could be
explained by the administration of penicillin antimicrobials
T F;Il,bwnnlc comluinmg electrolyle sialutions, i now, abmost
every review of the literature concerning GM detection alse
'N.:|‘||1r|.¢ l.'I'ILH.'I.1$i||'.'i- dml iy ol the a|1|'i|5|.:r| I|rr|:|||:_|;!| d:nrl;:_g,ucl
mucasi as 8 possible source of the false-positivity of the assay.

However, there have been only very himited daza
publizhed so for concerning and supporting this hypothesis.
Acisarg e al. sadied the prisenee of GM anfigen using a
lastex agglutination [LA) lest in foods and faeces and found
Tots of hospital meals and all faeces samples from
haematopoietic stem cell transplantstion (HSCT) reciprents
and healihy volunteers to be reactive in this GM LA assay
[4], The suthors assume thal, during the perod of mucesal
damage, these faccal antigens obtained from feod could
IS I||r|,1ug|'| miscosal leswons and, benceforth, cause test
positivity. Mennink-Kersten et al. hypothesised that the
f:]]m:-pu:slli\-l'ly of the PA ELISA azsay in [premature
neonntes with immature intestmal mucosa might be due o
the presence of a lipeteichoic acid of Biffdebactertion spp.
colomising the neonatnl gpal [%] Tested neonoul facces
atronigly reacted with the PA ELISA assuy [10]. Since
bifidobuctenn or ther components could pess semss - the
damaged mucosy, they cun hypotheticully afse be the couse
q;l,' I'x!w-pus'tl'i'l.c 'r\cur.'li'l.'tl} in II:IIII1LII'II.II."l1I'IFII‘cIII'IiM.'IJ pu!ienl.ﬂ.
with mucositis [ 1. However, clinical studies confirming

25 Serum samples o . Sitooi samples
IE-TE S 14
o e
1
£ s £
2 g3
B e B«
5
k]
e & b & &

o 1 2 3 4

Grade of mucositis

Flg. 1 Meduan, 23.-75% interquoride monge, minemal ond ool
mdex of positiviey (1) of Plaiclio dspeegities (PA) emryme-linked
mmemunesarhent zsay (ELISA)Y m the serum and sonl sangples during

Grada of mucositis
different grades of mucasiiie sccording i the World Healih

rganizagian { WHO and Natinnal Cancer nstiue Comman Texicity
Cntena {NCICTC) scales
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the hypothesis and laboratory findings of these twe authors
have nat been performed il now.

Herbrecht et al. found a lower positive predictive
value (PPV) of the PA ELISA test coused by a high
frequency of falze-positive results in the group of adubt
patients afler allogemeic HSCT (42.9%), According 1o
their previous findings with high amounts of GM in the
fpods supphied 1o children with positive lests, the same
hypothesised mechanism could be the explanation for the
false-positivity of the assay dunng the lirst menth after
allegeneic HSCT when mucosal domage is frequent (5],
However, other investigators have thibed to prove this
theory [11].

Finully, Blijlevens ¢t al. found po false-positivity of the
PA ELISA assay in their sty of patients afler HSCT
during the period of severe mucositia if they were fod
exclusively by tedal parenteral nutntion. Heweves, ihey
disclosed that, if the damnged digestive tract is exposed o
Fiwd comeaining G, the ranslocation of the antigen can
potedinlly ocour, but i stdy hos been done on this. field
[12]

To our knowledge, this iz the first study analysing
facces (as o major part of gut compartment) and blood
for PA ELISA reactivity i explicitly defined stages of
mucosiis in hacmpiooneological patients. In accordunce
with Ansaerg el al., a vast majority of steol samples from
our patient gronp were found 1o be strongly reactive in
the Pa ELISA test. The reason for this positivity could
be antigens of food ongin, 25 Ansorg ot al, described
However, because the stool samples were abso strongly
reactive o patients with tofal parenteral nutrition, then:
must be other sources of GM or antigens reacting with
the assay (eg. bafidobactera, bul this was pot anglysed
in our study). Blijlevens et al. mentioned the necessity of
taking food consumplon e account when awdiloning
GM m patients {especially with mucositis), becouse this
could be a source of GM for possible mucosal ransloca-
fion. However, our data showed that, if ther hvpothesis
would be cormect, GM (or other: antigens reacting witly the
test) will cross camaged muocosal bamiers also o their
group of patients with total porenteral msFtion. because
fagces are strongly reactive mothe PA ELISA msay,
imespective of food intake,

In all asccounts, our snuly showed that there 3 no
crossover of GM or other anhigens reoching with the P
ELISA adsay from stromgly reactive stool to the senim
through  differently damoged mocosa and the previous
hypotleesis of other swhors 4, 10, 12] were not confirmed.
[F this antagen cross would have happened, i would have
been very occasional, because in 38 serum samples obtained
in 29 epigodes ol severe mucosmis {grade 3 and 4) m our
study, none had GM IP=0:F The only positive serum
sample in owr stedy was acquired fromm a patient withoid

El speinger

mucositis and this positivity was probably cansed by GM
confamimation of the sample, becanse a paired serum sample
from the same dov was negative in the asay (I 0.17)

Finolly, u hiph frequency of folse-positive resulis of the
PA ELISA assay amd low PPY in Herbrocht et al.'s study is
impuassible o explan by the presence of mucosits, 11 mus!
e kriown thar this mentioned study was performed several
years before the informetion sboul the mes impornan
reasons for false-positivity of the PA ELISA test (antibiotics
and Flasma-Lyte solatson) was identified. I is very likely
that these foctors, but nod mucositis, are of a higher
probability o have caused the mentionsd resuls

Our results could have several limitations. Firstly,
patients could be included several times in the study, when
therr grnde of mucosiis changed, However, only 27
episodes occurred in patienis ulready incheded in the stwdy.
and in half of ihem, the first sample had been obinined
during the penod of mecositis grade 0 or 1. Thus, this could
e have influenced resulis from the most imporgant group
of samples obtzined during severe mucositis. when the
passibility of crossover of antigens from the mitestinal mact
to the sernsm would be expected. Secondly, the PA ELISA
tes1 is nod volkdated for faccal samples and, thus, the resulis
from stool spmples musl be censidered as ndicative
However, the main goal of our study wus to show a sirong
reaciivily of faecal samples i the PA ELISA test that is nol
influenced by ol food miake. Thirdly, in eur study, we
hawe not snalysed the source of PA ELISA st reactivity of
foeces. However, we build on the knowledpe of the
conclusions of Mennink-Kersten ¢ al s and Ansorg o
al.'s studies, which descobe several reasons tor this
reactivity, and we have concentrated on the confinnation
o exchusion of crossover of these antigens van dumaged
THILICOEE,

I sumimary, cur stedy showed high reaetivaity of feces
{irrespective of the ameunt of oral food mtake) in he PA
ELISA assay and. Tor the first time, it has been confirmed
that there 12 0o or very limited crossover of GM or other
antigens causing reactivity of the PA ELISA nest (e
Iipotechowr: acsd of Biidobecteriom spp, ) vin the domaged
mucesa in adult paticnts with hecmatological malignity.
Thus, the presence of antigens reacting with thes assay i
fneces during mucositis s not likely to hove influenced the
performance of the PA ELISA assay when senum samples
are lested,
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3.4. PCR in Invasive Fungal Disease Diagnostics

A second group of "non-culture-based" procedures for early IFD diagnosis, which has come to
the fore in recent years, stems from the detection of fungal nucleic acids, most often using target
sequences of mitochondrial and ribosomal genes by polymerase chain reaction (PCR). Based
on significant progress relating to Aspergillus PCR validation and standardization by the
International Society of Human and Animal Mycology (ISHAM) working group Fungal PCR
Initiative (FPCRI; www.fpcri.eu), of which our workplace has been an active collaborator, PCR
techniques were incorporated into recently published EORTC / MSG diagnostic criteria for [IFD
[15, 63]. With cases of proven diagnosis, when mycosis is detected by conventional tissue
procedures, fungal deoxyribonucleic acid (DNA) amplification by PCR in combination with
DNA sequencing is a tool for identifying species of filamentous fungus and yeast. In probable
IA situations, PCR techniques serve as a mosaic stone to confirm a diagnosis from serum,
plasma, whole blood, or BAL fluid samples [15]. Commercial PCR tests are relatively few, so
most researchers have developed their own "in-house" methods. The FPCRI program
establishes validity and standardization criteria for these various Aspergillus PCR procedures.
Despite the great variability of technological approaches, PCR test quality is currently
comparable to GM and BDG IFD identification options [64]. Similarly, molecular diagnostics
using quantitative real-time PCR is useful for determining probable PCP from BAL fluid or
sputum [65]. In cooperation with the FPCRI group, we published via an impact journal a
systematic meta-analysis evaluating antifungal prophylaxis effect on PCR test parameters in IA
detection (Appendix 19 in Chapter 3.4.1.1.). Antifungal therapy did not affect the SEN of the
PCR test, contrasted with the described GM test effect, where the rate of false negative GM is
likely a result of antifungals limiting IA clinical progression. On the other hand, prevailing

antifungal therapy significantly reduces the Aspergillus PCR SPE.

Since 2005, our team has been systematically dealing with IFD diagnostics issues using
molecular methods. In 2011, our own "in-house" quantitative real-time PCR for specific
detection and quantification of A. fumigatus, A. terreus, A. flavus, and A. niger DNA was
patented [66]. Subsequently, this technique has been successfully tested on animal samples TA

model [67].

A serological method is lacking for the detection of rare invasive mucormycosis characterized
by rapid progression and high lethality, hence its diagnosis is difficult in clinical practice. A

PCR method amplifying a conserved region of the mucormycetes genome using specific
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primers in the presence of an intercalating dye was introduced at our workplace. Obtained PCR
products are subsequently subjected to controlled melting with the release of bound fluorescent
dye, thus modifying sample fluorescence. This change is plotted by software as a melting curve
with a unique shape for each type of mucormycetes. This procedure has since been published
in impact journals, which are part of Annex 20 in Chapter 3.4.1.2. and Annex 21 in Chapter
3.4.1.3.

Efficaciously, for rapid identification of a broad IFD spectrum in BAL fluid samples, including
other rare agents (Fusarium sp., Scedosporium sp., etc.), we introduced a rapid panfungal PCR
procedure followed by a high-resolution melting analysis (Process noted within Annex 22 in
Chapter 3.4.1.4). These diagnostics can be used to distinguish infection (predominantly
Aspergillus spp.) from colonization or contamination (especially Candida spp.). Moreover,
another published manuscript coauthored by applicant with the Working Group for
Opportunistic Infections at IHOK outlined the panfungal PCR approach with subsequent
classical product sequencing, analyzing a total of 108 BAL fluid samples from
immunocompromised patients with pulmonary infiltrates. The original paper is listed within
Annex 23 in Chapter 3.4.1.5. This study confirmed the time-consuming and ambiguous results
of high-sensitivity testing of primarily non-sterile BAL fluid material compared to the afore-

mentioned panfungal PCR procedure followed by melting curve analysis.

IFD diagnosis among immunocompromised patients using molecular biological methods is
further detailed in the following journal publications, where the aspirant is a co-author (sorted
chronologically in ascending order). Five selected publications are part of Chapter 3.4.1.

Annexes to Chapter 3.4. (Annexes 19 to 23 sorted thematically):

- Weinbergerova B., Hrnéifova K., Lengerova M., Racil Z., Kocmanova 1., Bohatéd S.,

Moulis M., Jedlicka V., Mayer J. Vyuziti molekularné biologické diagnostiky v detekci
invazivnich zygomykoz — kazuistiky. Postgradualni medicina: odborny casopis pro

lékare. 2009;11(11):60-62. ISSN 1212-4184.

- Hrncirova K., Lengerova M., Kocmanova 1., Racil Z., Volfova P., Palousova D., Moulis

M., Weinbergerova B., Winterova J., Toskova M., Pospisilova S., Mayer J. Rapid

detection and identification of mucormycetes from culture and tissue samples by use of
high-resolution melt analysis. J Clin Microbiol. 2010;48(9):3392-3394. ISSN 0095-
1137. (see Annex 23 in Chapter 3.4.1.5.)
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Lengerova M., Racil Z., Hrncirova K., Kocmanova 1., Volfova P., Ricna D., Bejdak P.,
Moulis M., Pavlovsky Z., Weinbergerova B., Toskova M., Mayer J. Rapid detection

and identification of mucormycetes in bronchoalveolar lavage samples from
immunocompromised patients with pulmonary infiltrates by use of high-resolution melt
analysis. J Clin Microbiol. 2014;52(8):2824-2828. ISSN 0095-1137. (see Annex 22 in
Chapter 3.4.1.4.)

Ricna D., Lengerova M., Palackova M., Hadrabova M., Kocmanova I., Weinbergerova

B., Pavlovsky Z., Volfova P., Bouchnerova J., Mayer J., Racil Z. Disseminated
fusariosis by Fusarium proliferatum in a patient with aplastic anaemia receiving primary
posaconazole prophylaxis - case report and review of the literature. Mycoses.

2016;59(1):48-55. ISSN 1439-0507.

Bezdicek M., Lengerova M., Ricna D., Weinbergerova B., Kocmanova 1., Volfova P.,

Drgona L., Poczova M., Mayer J., Racil Z. Rapid detection of fungal pathogens in
bronchoalveolar lavage samples using panfungal PCR combined with high resolution
melting analysis. Med Mycol. 2016;54(7):714-724. ISSN 2185-6486. (see Annex 20 in
Chapter 3.4.1.2.)

Ricna D., Lengerova M., Bezdicek M., Kocmanova 1., Drgona L., Weinbergerova B.,
Mayer J., Racil Z. Detection and identification of fungi in bronchoalveolar lavage fluid
from immunocompromised patients using panfungal PCR. Folia microbiol.

2019;64(3):421-428. ISSN 0015-5632. (see Annex 21 in Chapter 3.4.1.3.)

Cruciani M., White PL., Mengoli C., Loffler J., Morton CO., Klingspor L., Buchheidt
D., Maertens J., Heinz WJ., Rogers TR., Weinbergerova B., Warris A., Lockhart DEA.,

Jones B., Cordonnier C., Donnelly JP., Barnes RA., Fungal PCR Initiative. The impact
of anti-mould prophylaxis on Aspergillus PCR blood testing for the diagnosis of
invasive aspergillosis. J Antimicrob Chemother. 2020; 76(3):635-638. doi:
10.1093/jac/dkaa498. ISSN 0305-7453. (see Annex 19 in Chapter 3.4.1.1.)
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3.4.1.1. Annex 19

Cruciani M., White PL., Mengoli C., Loffler J., Morton CO., Klingspor L., Buchheidt D.,
Maertens J., Heinz WIJ., Rogers TR., Weinbergerova B., Warris A., Lockhart DEA., Jones B.,
Cordonnier C., Donnelly JP., Barnes RA., Fungal PCR Initiative. The impact of anti-mould
prophylaxis on Aspergillus PCR blood testing for the diagnosis of invasive aspergillosis. J
Antimicrob Chemother. 2021; 76(3):635-638. doi: 10.1093/jac/dkaa498. ISSN 0305-7453.

IF = 579 in 2020; INFECTIOUS DISEASES QI1, MICROBIOLOGY Ql,
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Background: The performance of the golactormannan enzyme immunoossay (GM-ELA) is impaired in patients
receving mould-octive ontifungal therapy. The impact of mould-active antifungal therapy on Aspergillus PCR
testing needs to be determinad.

Objectives: To determine the influence of anti-mould prophylaxis (4MP) on the performance of PCR blood test-
ing Lo aid the diognosis of proven/probable invasive aspergillosis (1A),

Methods: As part of the systematic review and meta-analysis of 22 cohort studies investigating Aspergillus FCR
blood testing in 2912 patients at risk of [4, subgroup analysis was performed to deterrine the impact of AMP on
the occuracy of Aspergiius PCR. The incidence of 1A was calculated in patients receiving ond not receiving AMP.
The impact of two different positivity thresholds (requiring either a single PCR positive test result or =2 consecu-
tive PCR positive test results) on occuracy waos evaluated, Meta-analytical pooling of sensitivity and specificity
was performed by logistic mixed-rmodel regression.

Results: In total, 1661 (57%) patients received prophylaxis. The incidence of 1A was 14.2%, significantly lower in
the prophylaxis group {11%-12%) compared with the non-prophyloxis group {18%-19%) (P<0.001). The use
of AMP did not offect sensitivity, but significantly decreased specificity [single PCR positive result threshald: 26%
reduction (P=0.005); =2 consecutive PCR positive results threshold: 12% reduction (P= 0.0159)).

Conclusions: Contrary to its influence on GM-E14, AMP significantly decreases Aspergilius PCR specificity, without
affecting sensitivity, possibly as o consequence of AMP limiting the clinical progression of 1A andfor leading to
false-negotive GM-E[A results, preventing the classification of probable 1A using the EORTC/MSGERC definitions.

Introduction

There is convincing evidence showing that both the sensitivity and
specificity of the galoctomannan enzyme immunoassay (GM-ET4)
ore impaired in potients receiving mould-octive ontifungal therapy
LAFT), M Previous exposure 1o AFT also needs to be considered
when interpreting Aspergilus PCR results, os onimal studies and
clinical trials both indicate that AFT may adversely affect test per-
formance.*™ Recently, o systematic review and meta-analysis
investigoting Aspergilius PCR blood testing to oid the diognosis of

invasive aspergillosis (TA) in immunocompromised patients was
performed.” Most patients had a hoematelogical malignancy, had
undergone H3CT or were solid orgon transplont (30T) recipients.
The mean prevalence of proven or proboble [A wos 16.3%
[769/4718 patients).* Pooled data showed that PCR has moderate
diognostic accuracy when used as a screening test for 14 in high-
risk patient groups.” The sensitivity and specficity of PCR for the
dingnosis of 1& varied according to the interpretative criterio used
to define a test as positive, Considering a single positive test result
as significant, the sensitivity ond specificity were 79.2% oand

©The Author(s) 2020, Published by Oxford University Press on behalf of the British Society for Antimicrobiol Chemotherapy. All rights reserved.

For permissions, please ermal: journals. permissions@oup.corm.
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We present a method for rapid and dnplt ddccllon of dhkllly relevant mucormycetes of Ik Mucorales

order in cultures and clinical !

PCR uses specific p

s and

is followed by species identification u-; hi‘b-md-liu melt (HRM) analysis. The method is highly suitable

for routine clinical diagnostics.

Invasive infections caused by mucormycetes started to occur
more frequently in the last decade and are connected with
rapid progression and high mortality rates. Early diagnostics
and targeted treatment are crucial. Most mucormycosis cases
(over 90%) arc caused by Rhizopus spp., followed by Mucor
pp., Lichtheimia spp., Rhizomucor pusillus, and, rarcly, some
nlher :pccies (1. 9, ll. 16).

A of

s 18 usually made after
hislop.uhologw.:l proof of mucormycete-like hyphse in in-
volved tissue; the causative agent can be determined only by
culture (13). So far, no scrological test is available and radio-
logical methods are nonspecific.

Molecular detection of is licated by |
hﬂorx:mlursulldonulh.rwnyﬂ.mdardptuowll-cw
methods for the detection of mucormycetes have been pub-
lished, and only some have been cevaluated using clinical
samples (1, 5, 10, 14, 15, 17) or samples from animal models
(6, 7).

The aim of this study was to develop a rapid and sensitive
technique for the d on and wdentification of dinically im-
portant mucormycctes. We adopted primers from a qualitative
method previously published by Bialck et al. (1) that is specific
for members of the order Mucorales targeting 18S ribosomal
DNA (rDNA). We modified it to seminested realtime PCR
with EvaGreen dye, followed by species distinction by high-
resolution melt (HRM) analysis. HRM analysis uses amplifi-
cation of DNA in the presence of intercalation dye. Fluores-
cence is measured during a controlled melting of PCR product
that results in a melt curve that depends mainly on GC content,

can be used for gcnoh‘pmg or m\muon scanning without the
need for ti g (4, 12).

DNA was isolated lxom 50 wl ol fungal culture (moculum
was prepared by covering sporulating colonies with approxi-
mately 2 ml of sterile 0.85% saline) or a picoe of fresh tissue (2
by 1 mm) using the ZR fungalbacterial DNA kit (Zymo Re-
scarch). Tissue samples were incubated in I\sls buler over-
night, and cul were liateh g 1o
the manufacturer’s protocol. Dnrupuon was extended lo 15
min (Disruptor Genic; Scientific Industries). DNA from forma-
lin-fixed, paraffin wax-cmbedded (FFPE) tissue samples was iso-
lated from 2 or 3 scrolls (5 to 10 pm cach) of paraffin block using
a DNeasy blood and tissue kit (Qiagen). Paraffin was dissolved in
1 ml of xylene, and then the tissue was washed two times using 1
ml of 96% ethanol and mncubated in 150 pl of ATL buffer (Qia-
gen) and 20 pl of proteinase K (600 mAU/ml solution, where one
mAU represents the activity of proteinase K that releases folin-
pasitive amino acids and peptides corresponding to 1 pmol of
tyrosine per min) at 55°C overnight and then at 90°C for 1 h. The
next steps were done in accordance with the manufacturer’s pro-
tocol. DNA isolation from clinical samples was done in a biolog-
ical safety cabinet. An aliquot of sterile water was processed with
cach set of samples as a lof [ ial contamination during
the isolation process.

Five microliters of DNA was amplified in 25 pl of amplifi-
cation mixture that contained a 0.2 pM concentration cach of
primers ZM1 and ZM2 (1), 120 uM deoxynuclcoside triphos-
phates (ANTPs; Roche, Germany), 2.5 mM Mg(l,, 1% Gene-
Amp PCR Gold buffer, and 1.5 U AmpliTaq Gold DNA poly-

length, and sequence of the PCR product. This simple hod

* Corresponding author, Mailing address: Centre of Molecular Bi-
ology md (‘-cnc 'nmapy Depunmcm ol Internal Medicine—Hema-
| Broo, C Ini 9. 613 0 Bmo,
Czech R:publn: Phone: 420532234641, Fax: 420532234623, E-mail:
khracirova(@ fobrno.cz.
" Published abead of print on 30 June 2010,

3392

{Applied Biosy ). The cycling conditions were 10
min at 95°C. 16 cycles of 30 s at W°C, 30 s at SU°C, and 60 s at
72°C. and 7 min at 72°C. One microliter of PCR product from
the external round was then amplified in duplicate using Ro-
torgene 6000 (Corbett Rescarch, Australia). Twenty-five mi-
croliters of the amplification mixture contained a 0.4 uM con-
centration each of primers ZM1 and ZM3 (1), 125 pul of
SensiMix HRM, and 1 pl of EvaGreen (both from a SensiMix
HRM kit; Quantace, United Kingdom). The cycling conditions
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Rapid Detection and Identification of Mucormycetes in
Bronchoalveolar Lavage Samples from Immunocompromised Patients
with Pulmonary Infiltrates by Use of High-Resolution Melt Analysis

Martina Lengerova, ™™ Zdenek Racil »™*° Kristyna Hrncirova,” Iva Kocmanova,® Pavlina Volfova,® Dita Ricna,® Petr Bejdak,”
Maimir Moulis,® Zdenek Paviovsky,” Barbora Weinbergerova,® Martina Toskova,® Jirl Mayer®b©
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Rapid differential diagnostics of pulmonary infiltrates suspected of invasive fungal disease in an immunocompromised host and
early initiation of effective antifungal therapy are crucial for patient outcomes, There are no serological tests available to detect
mucormycetes; therefore, PCR-based methods are highly suitable. We validated our previously published PCR followed by high-
resolution melt analysis (PCR/HRMA) to detect Rhizopus spp., Rhizomucor pusillus, Lichtheinia corymbifera, and Mucor spp. in
bronchoalveolar lavage (BAL) samples from immunocompromised patients who were at risk of invasive fungal disease. All PCR/
HRMA-positive samples were retested using novel real-time quantitative PCR (RQ PCR) assays specific to the species identified.
In total, between January 2009 and December 2002 we analyzed 99 BAL samples from 86 patients with pulmonary abnormalities
using PCR/HRMA. Ninety (91%) BAL samples were negative, and 9 (9%) samples were positive. The sensitivity and specificity of
PCR/HRMA were 100% and 93%, respectively. By combining the positive results of PCR/HRMA with positive RQ PCR results,
the specificity was raised to 98%, PCR/HRMA, due to its high negative predictive value (99%), represents a fast and reliable tool
for routine BAL sample sereening for the differential diagnosis of pulmenary infiltrates in immunocompromised patients for the
four most clinically important mucormycetes.

Invas'w-.' mucormycosis (IM}, characterized by rapid progres-  sured during controlled melting of the PCR product. The shape of

sion, high morbidity, and mortality, is a serious infectious com-  the melting curve depends mainly on the GC content, length, and
plication in patients with a hematological malignancy (1). More  sequence of the PCR product, The ability of this method to detect
than 9% of cases are caused by Rhizopus eryzae (or Rhizopus  and identily the most common pathogenic species has been
microsparus), followed by Mevcor species, Lichtheimia corymbifera, praven in both cultures and tissue samples, Since this rechnique is
and Rhizomucor pusillus and rarely by some other mucormycetes very fast and suitable for routine testing, it might be an ideal ool

(2, 3). for screening clinical samples from immunocompromised pa-
Early diagnosis and a prompt start of targeted 1M antifungal  (enes who are at risk of 1M,

therapy are crucial for suceessful patient outcomes. However, de-
finitive diagnosts of these infections mm routing chinical practice 1s
very difficult, and the disgnosis is often not confirmed until there
is histological proof of mucormycete-like elements in affected tis-
sues or positive cultures (4, 5).

Contrary to invasive aspergillosis diagnosis, where a large
numbet of atteimpts were made to detect galactomannan, both in
serum and bronchoalveolar lavage (BAL) samples, no such sera-
logical test is available for mucormycetes. Even [i-o-glucan, when
used as a panfungal antigen, is negative in IM.

The maost frequent manifestation of [M in this patient group is
pulmonary disease; however, obtaining lung tissue samples (e.g.
by fine-needle biopsy) can be accompanied by serious complica-
tions (bleeding and pneumothorax), Therefore, bronchoscopy
with BAL is routinely used for the differential diagnosis of pulmo-
nary abnormalitics,

The aim of this study was to validate PCRFHRMA for the
screening of BAL samples from hematological malignancy pa-
tients with pulmonary infiltrates and assess the clinical relevance

Theretore, one of the nost promising tools for early muocor- oF THICaLTIy el d"“,m“" m B,'o‘[", M‘m“'w”' b ‘_j“'gncd o
mycete detection is the use of molecular methods, mainly various spmes-spg{l!ﬁc real-time quantitative PCR (RQ) PCR) ASSIYE for
PCI modifications. Until now, only a limited number of mucor- the most clinically relevant mucormyeetes (R oryzae, R microspo-
mycete-specific PCR methods have been published. Moreover,
only some of them allow the quantification of the fungal DNA

load in samples (6—10), which can be important to differentiate Peceived 4 March 2014 Retiemed far modification 16 Apnl 1014
hetween a real infection and comtamination/colomization of the Accepted 15 fday 2014
sample/patient, Pubihished ahead of print 11 May 2004

We recently introduced a semiquantitative method for the spe- Editor; & A Laret
cific detection of mucormyceles in tissue samples using high-res- Acdressy cosraspondence 1o Mirting Lengerva misnoaraBd i ce
olution melt analysis (HRMA]} (11). This method 15 based on am- Cognymight £ 2004, Arnsncarn Soety for Moreiology: A8 Rights Reserved:
plification of DNA with specific primers in the presence of an ol 1101 T280CM 20837 - 14

intercalating dye. Alter PCR, the change in flusrescence is mea-

2824  jcm.asm.ong Faurnal of Clinical Microbicfogy  p. 28242828 Ausgust 2014 Volume 52 Number 8
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Abstract

Despite advances in the treatment of invasive fungal diseases (IFD), mortality rates re-
main high. Moreover, due to the expanding spectrum of causative agents, fast and ac-
curate pathogen identification is necessary. We designed a panfungal polymerase chain
reaction (PCR), which targets the highly variable ITS2 region of rDNA genes and uses high
resolution melting analysis (HRM) for subsequent species identification. The sensitivity
and specificity of this method was tested on a broad spectrum of the most clinically im-
portant fungal pathogens including Aspergillus spp., Candida spp. and mucormycetes.
Despite the fact that fluid from bronchoalveolar lavage (BAL) is one of the most fre-
guently tested materials there is a lack of literature sources aimed at panfungal PCR as
an IFD diagnostic tool from BAL samples. The applicability of this method in routine
practice was evaluated on 104 BAL samples from immunocompromised patients. Due
to high ITS region variability, we obtained divergent melting peaks for different fungal
species. Thirteen out of 18 patients with proven or probable IFD were positive. Therefore,
the sensitivity, specificity, positive predictive value and negative predictive value of our
method were 67%, 100%, 100%, and 94%, respectively. In our assay, fungal pathogens
identification is based on HRM, therefore omitting the expensive and time consuming
sequencing step. With the high specificity, positive and negative predictive values, short
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714 © The Author 2016. Published by Oxford University Press on behalf of The International Society for Human and Animal
Mycology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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Abstract

Rapid diagnostics of fungal pneumonia and initiation of appropriate therapy are still challenging. In this study, we used two
panfungal assays to test bronchoalveolar lavage fluid (BALF) samples to prove their ability to confirm invasive fungal discase
diagnosis and identify causative agents. Two methods targeting different fungal rDNA regions were used, and the obtained PCR
products were sequenced directly or after cloning. In total, 106 BALF samples from 104 patients were tested. After sequencing,
we obtained 578 sequences. Four hundred thirty-seven sequences were excluded from further analysis due to duplication (7=
335) or similarity with sequences detected in the extraction control sample (n=102); 141 unique sequences were analyzed.
Altogether, 23/141 (16%) of the fungi detected belonged to pathogenic species, and 63/141 (45%) were identified as various
yeasts; a variety of environmental or very rare fungal human pathogens represented 29/141 (21%) of the total and 26/141 (18%)
were described as uncultured fungus. Panfungal PCR detected fungal species that would be missed by specific methods in only
one case (probable cryptococcosis). Panfungal PCR followed by sequencing has limited use for testing BALF samples due to
frequent commensal or environmental fungal species pickup.

Introduction

The incidence of invasive fungal diseases (IFD) is increasing
in immunocompromised hosts, especially in oncology pa-
tients and transplant recipients. Despite the expanding range
of available antifungal drugs, thesc infections cause

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/512223-018-00669-w) contains supplementary
material, which is available to authorized users.
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considerable morbidity and mortality (Cordonnier et al.
2014). The fungal pathogens’ timely detection is a prerequi-
site for successful therapy and for the clinical outcome in
patients with IFD (Landlinger et al. 2010). The vast majority
of IFD events are still caused by the genera Candida and
Aspergillus: however, over the past decades, more cases
caused by previously uncommon fungal genera (for example
Mucormycetes., Fusarium spp.. Scedosporium spp..
Trichosporon spp.) have been reported (Richardson and
Lass-Florl 2008; Landlinger et al. 2010; Trubiano et al.
2016). Identification to the species level is essential to deter-
mine therapy, given the differences in antifungal agent suscep-
tibility (Buitrago et al. 2013).

Conventional diagnostic tests such as radiological imaging,
culture-based testing, and histological analyses have limita-
tions in terms of sensitivity, specificity, and time to diagnosis.
Moreover, serological assays for the galactomannan antigen
(GM) and (1-3)-B-pD-glucan (BG) cannot detect all fungal
pathogens and have variable specificity, and negative results
do not completely exclude an ongoing fungal infection
(Pfeiffer et al. 2006; Alanio and Bretagne 2014).

Using polymerase chain reaction (PCR) to detect fungal
DNA proved to be a promising tool for the rapid, sensitive,
and accurate detection and identification of causative agents,
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4. COVID-19 Among Immunocompromised Patients

COVID-19 Among General Population

Coronavirus Disease 2019 (COVID-19), stemming from the coronavirus SARS-CoV-2, was
termed a pandemic after spreading from China to virtually the entire world in early 2020 [33].
This unprecedented disease has seriously affected global health, the social system, and the
world economy. During the onset of the Czech Republic’s first coronavirus pandemic wave,
the head of the aspirant‘s department, Prof. MUDr. Jifi Mayer, initiated a prospective detailed
telemonitoring cohort study questionnaire aimed at detailing COVID 19’s clinical course in
relation to viral load during early detection of complicating events among the general
population. Generally, during that period, Czech outpatient care was significantly reduced, and
no systematic care procedure was introduced for infected outpatients not requiring
hospitalization. In accordance with government quarantine requirements, patients were divided
into a "cohort with two negative tests" and a "cohort with a new algorithm" mandating a
fortnightly quarantine without need for a negative test. The study did not show any definitive
COVID-19 symptoms excepting anosmia or ageusia. Comorbidities and disparate
characteristics did not significantly affect the disease course. Patients not requiring double PCR
negativity possibly reported fewer symptoms. Our study emphasized the urgent need for routine
telemonitoring to detect early complications, intensive widespread education, and notably the
need to review and adjust quarantine regulations to better control the spread of SARS-CoV-2.
Findings were published as an original article with applicant being primary author in a journal

with IF listed in Annex 24 in Chapter 4.1.1.
COVID-19 Among Hematological Patients

Up to half of all immunocompromised patients with hematological malignancies are at high
risk of developing severe COVID-19, and their risk of death is more than 20 times higher than
the general population [34, 68, 69]. Furthermore, age, comorbidities, hematological disease
status, prior treatment, and, last but not least, a high risk of secondary bacterial and fungal
infections, including IFDs with high mortality, contribute to a severe progression among

immunocompromised patients [70].

The applicant's workplace, coordinating with CELL, actively conveyed COVID-19 cases
among patients with hematological malignancies to the international database EPICOVIDEHA,
a worldwide project sponsored by EHA. In 2021, an extensive analysis of almost 4,000 episodes

was published, describing infection course and prognosis depending on hematological
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malignancy type and other modalities. Nearly two-thirds of patients developed severe / critical
COVID-19, and a third of the patients died, mostly from COVID-19. However, mortality
dropped significantly during the third wave compared to the second pandemic wave. The
aspirant as co-author has contributed to a relevant publication listed in Annex 27 of Chapter

4.1.4.

A group of hematologic patients at high risk for the development of severe COVID-19 also
includes patients treated with CAR-T owing to significant B-cell aplasia and late cytopenias
without humoral response recourse to viral infections [71]. The EPICOVIDEHA study aim was
to evaluate COVID-19 course in more than 450 patients treated with CAR-T in European
centers. Severe infection occurred in two-thirds of patients and one-third died. Applicant has

contributed as co-author to the publication listed in Annex 28 of Chapter 4.1.5.

SARS-CoV-2 infection can usually develop in a vaccinated individual without a sufficient
immune response [72, 73]. Among hematological patients, those with chronic lymphocytic
leukemia and lymphomas are at high risk. Aspirant participated in the EPICOVIDEHA
prospective study reported worldwide evaluating COVID-19 in more than 100 fully or partially
vaccinated patients with hematological malignancies. Overall mortality was nearly one-third
that of the pre-vaccination era. Study results were published in an IF journal, where the

applicant was a co-author (see Annex 29 in Chapter 4.1.6.).
COVID-19 Treatment Among Hematological Patients

Randomized trials have indicated a shorter recovery time among COVID-19 patients treated
with remdesivir compared to placebo or standard therapy within the general population [74,
75]; death probability being higher in the placebo arm compared to remdesivir [ 74]; and patients
with severe infection having a lower mortality rate with a 10 day vs. 5-day remdesivir course
[76]. SARS-CoV-2 virus persistence with prolonged viable virus shedding and reinfection has
been reported frequently in immunocompromised hematology patients [76-79]. Early
administration of convalescent plasma (CP) with a high titer of virus neutralizing antibodies
has also demonstrated efficacy in the general COVID-19 infected population [80]. Remdesivir
treatment, including retreatment, possibly in combination with CP, has been substantiated as
effective in immunocompromised hematology patients with prolonged COVID-19 pneumonia
[81-82]. A particularly important aspect is the early initiation of remdesivir treatment, as
significantly demonstrated by actual clinical practice in a retrospective study with a lower

probability of death in patients treated within 9 days of the first COVID-19 onset [83].
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In a retrospective study, we evaluated a total of 32 hematological patients managed at our
department infected with SARS-CoV-2 and treated with a combination of remdesivir and CP
with a high titer of virus-neutralizing antibodies. Early administration of combination therapy
resulted in a two-thirds reduction in mortality compared to published data in hematology
patients regardless of baseline COVID-19 pneumonia. Results were published crediting the

aspirant as primary author within an impact journal (see Annex 25 in Chapter 4.1.2.).

At the beginning of 2021, randomized trial results evaluating the use of monoclonal antibodies
neutralizing SARS-CoV-2 spike protein (NmAb) compared to placebo in outpatients in the
general population detailed a significant reduction in viral load, outpatient visits,
hospitalizations, and deaths related to COVID-19, with an excellent safety profile [84, 85].
Similar findings were obtained from retrospective case studies, including solid organ transplant
patients and hematology patients [86-90]. During the time when administering the first NmAbs
-- bamlanivimab and casirivimab / imdevimab — was possible in the Czech Republic, we
initiated a prospective multicenter project analyzing early administration effectiveness in 88
COVID-19 infected hematological patients. Mortality rate was compared to a control cohort of
575 SARS-CoV-2-positive hematology patients untreated with any specific anti-COVID-19
therapy. Treatment results were quite positive - 80% of baseline asymptomatic patients
remained asymptomatic throughout follow-up. Progression to severe / critical COVID-19
occurred in only 17% of cases. Mortality attributed to COVID-19 was significantly lower in
NmAb-treated patients compared to a control cohort of untreated patients (6% vs. 16%, p =
0.020). The candidate's singularly-authored original report paper was published in an IF journal
(Annex 26 in Chapter 4.1.3.).

The epidemiology, diagnosis, treatment, and prognosis of COVID-19 infection in
immunocompromised patients are further detailed and discussed in the following journal
publications with the applicant as an author or co-author (in chronological order), which are

part of Chapter 4.1. Annexes to Chapter 4 (Annexes 24 to 29 arranged thematically):

- Weinbergerova B., Mayer J., Hrabovsky S., Novakova Z., Pospisil Z., Martykanova L.,
Hortova K., Mandelova L., Hejduk K., Chloupkova R., Pospisil M., Doubkova M.,
Marek V., Novotna R., Dolecek M., Kubesova HM., Brat K., Parizkova R., Husa P.,

Mechl M., Kral Z., Lengerova M. COVID-19’s natural course among ambulatory
monitored outpatients. Sci Rep. 2021;11(1):10124. doi: 10.1038/s41598-021-89545-1. .
ISSN 2045-2322. (see Annex 24 in Chapter 4.1.1.)
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Pagano L., Salmanton-Garcia J., Marchesi F., Busca A., Corradini P., Hoenigl M.,
Klimko N., Koehler P., Pagliuca A., Passamonti F., Verga L., Visek B., [lhan O., Nadali
G., Weinbergerova B., Cérdoba-Mascuiiano R., Marchetti M., Collins GP., Farina F.,
Cattaneo C., Cabirta A., Gomes-Silva M., Itri F., van Doesum J., Ledoux MP., Ceriian
M., Jaksi¢ O., Duarte RF., Magliano G., Omrani AS., Fracchiolla NS., Kulasekararaj
A., Valkovi¢ T., Poulsen CB., Machado M., Glenthgj A., Stoma 1., Racil Z., Piukovics
K., Navratil M., Emarah Z., Sili U., Maertens J., Blennow O., Bergantim R., Garcia-
Vidal C., Prezioso L., Guidetti A., Del Principe MI., Popova M., de Jonge N.,

Ormazabal-Vélez 1., Fernandez N., Falces-Romero 1., Cuccaro A., Meers S.,
Buquicchio C., Anti¢ D., Al-Khabori M., Garcia-Sanz R., Biernat MM., Tisi MC., Sal
E., Rahimli L., Colovi¢ N., Schonlein M., Calbacho M., Tascini C., Miranda-Castillo
C., Khanna N., Méndez GA., Petzer V., Novak J., Besson C., Duléry R., Lamure S.,
Nucci M., Zambrotta G., Zak P., Seval GC., Bonuomo V., Mayer J., Lopez-Garcia A.,
Sacchi MV ., Booth S., Ciceri F., Oberti M., Salvini M., [zuzquiza M., Nunes-Rodrigues
R., Ammatuna E., Obr A., Herbrecht R., Nufiez-Martin-Buitrago L., Mancini V.,
Shwaylia H., Sciumé M., Essame J., Nygaard M., Batini¢ J., Gonzaga Y., Regalado-
Artamendi 1., Karlsson LK., Shapetska M., Hanakova M., El-Ashwah S., Borbényi Z.,
Colak GM., Nordlander A., Dragonetti G., Maraglino AME., Rinaldi A., De Ramoén-
Sanchez C., Cornely OA.; EPICOVIDEHA working group. COVID-19 infection in
adult patients with hematological malignancies: a European Hematology Association
Survey (EPICOVIDEHA). J Hematol Oncol. 2021;14(1):168. doi: 10.1186/s13045-
021-01177-0. ISSN 17568722. (see Annex 27 in Chapter 4.1.4.)

Busca A., Salmanton-Garcia J., Corradini P., Marchesi F., Cabirta A., Di Blasi R.,

Dulery R., Lamure S., Farina F., Weinbergerova B., Batini¢ J., Nordlander A., Lopez-

Garcia A., Drgona L., Espigado I., Falces-Romero 1., Garcia-Sanz R., Garcia-Vidal C.,
Guidetti A., Khanna N., Kulesekararaj A., Maertens J., Hoenigl M., Klimko N., Koehler
P., Pagliuca A., Passamonti F., Cornely O., Pagano L. COVID-19 and CAR-T cells:
current challenges and future directions-a report from the EPICOVIDEHA survey by
EHA-IDWP. Blood Adv. 2022; 12;6(7):2427-2433. doi:
10.1182/bloodadvances.2021005616. ISSN 2473-9537. (see Annex 28 in Chapter
4.1.5.)

Pagano L., Salmanton-Garcia J., Marchesi F., Lopez-Garcia A., Lamure S., Itri F.,

Gomes da Silva M., Dragonetti G., Falces-Romero 1., van Doesum J., Sili U., Labrador
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J., Calbacho M., Bilgin Y., Weinbergerova B., Serrano Gomez LM., Ribera JM., Malak

S., Loureiro-Amigo J., Glenthgj A., Cordoba R., Nunes Rodrigues R., Gonzalez-Lopez
TJ., Karlsson LK., Jimenez MJ., Hernandez-Rivas JA., Jaksic O., Racil Z., Busca A.,
Corradini P., Hoenigl M., Klimko N., Koehler P., Pagliuca A., Passamonti F., Cornely
O. COVID-19 in vaccinated adult patients with hematological malignancies.
Preliminary results from EPICOVIDEHA. Blood 2022; 139(10):1588-1592. doi:
10.1182/blood.2021014124. ISSN 1528-0020. (see Annex 29 in Chapter 4.1.6.)

Weinbergerova B., Mayer J., Kabut T., Hrabovsky S., Prochazkova J., Kral Z., Herout
V., Pacasova R., Zdrazilova-Dubska L., Husa P., Bednar P., Ruzek D., Lengerova M.

Successful early treatment combining remdesivir with high-titer convalescent plasma
among COVID-19-infected hematological patients. Hematol Oncol. 2021; 39(5):715-
720. doi: 10.1002/hon.2908. ISSN 1099-1069. (see Annex 25 in Chapter 4.1.2.)

Weinbergerova B., Demel 1., Visek B., Valka J., Cerfian M., Jindra P., Novak J., Stejskal
L., Kovacsova F., Kabut T., Szotkowski T., Hajek R., 74k P., Cetkovsky P., Kral Z.,
Mayer J. Successful Early Use of Anti-SARS-CoV-2 Monoclonal Neutralizing
Antibodies in SARS-CoV-2 Infected Hematological Patients — A Czech Multicenter
Experience. Hematol Oncol. 2022; 40(2):280-286. doi: 10.1002/hon.2974. (see Annex
26 in Chapter 4.1.3.)
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4.1. Annexes to Chapter 4
4.1.1. Annex 24

Weinbergerova B., Mayer J., Hrabovsky S., Novakova Z., Pospisil Z., Martykanova L., Hortova
K., Mandelova L., Hejduk K., Chloupkova R., Pospisil M., Doubkova M., Marek V., Novotna
R., Dolecek M., Kubesova HM., Brat K., Parizkova R., Husa P., Mechl M., Kral Z., Lengerova
M. COVID-19’s natural course among ambulatory monitored outpatients. Sci Rep.

2021;11(1):10124. doi: 10.1038/s41598-021-89545-1. ISSN 2045-2322.

IF = 4,38 in 2020; MULTIDISCIPLINARY SCIENCES QI; 1 citation according to WOS or

Scopus, without self-citation

154



www. nature com/scientificreports

scientific reports

OPEN

B Chaick dor updaten

COVID-19’s natural course
among ambulatory monitored
outpatients

Barbora Weinbergerova®™ |, Jiri Mayer™", Stepan Hrabovsky®, Zuzana Novakova',
Zdenek Pospisil®, Lucie Martykanova®*, Katerina Hortowva®, Lucie Mandelova®,
Karel Hejduk®*, Renata Chloupkova®*, Michal Pospisil®, Martina Doubkova®,
Vladimir Marek”, Renata Movotna®, Martin Dolecel®, Hana Matejovska Kubesowa’,
Kristian Brat®, Radana Parizkova'®, Petr Husa'®, Marek Mechl™, Zdenek Kral® &
Martina Lengerowva’

Research objective was to detall COVID-1%s natural trajectory in relation to the Czech population’s
wiral load. Our prospective detailed daily questionnaire-based telemonitoring study evaluated
COVID-19's impact among 105 outpatients, In accordance with government quarantine requirements,
outpatients were divided into a cohort with twa negative tests at the end of the disease (&0

pll;i:nl::!- and a cohort with a new algnriﬂlm 65 p.ll:i.nl:s} 'F\ull‘-uwing a lk-day qu-mn‘tim. Median
follow-up differed significantly between the 2 groups (13 days vs. 16 days). Only 6% of patients were
asymptematic during the entire telemonitosing period. Another 13% of patients were diagnosed
asymptomatic, as suspected contacts, yet later developed symptoms, while the remaining 81% were
disgnosed as symptomatic on average & days following symptom onset. Telemonitoring enabled
pm-u';r qrmph:m status :I‘l.rnnicling.Thp mast 'Frlquqntlf rup-w'hd' mmphi‘n{: wers FI\I'II'I.‘ rl-;pirlt,nr"l
isswes, and anosmia. Six patients were eventually hospitalized for complications detected sarly after
routine telemonitoring. During the extended follow-up (median 1BL days), anosmia persisted in

6% of patients, F9% of patients in the new quarantine algorithm cohort reported no symptoms on
day 11 compared to just 56% of patients in the two negative test cohart upon first testing negative
ﬂml:.diln-l! days), The high::t wiral load ocewrred within 02 dl'rs of imitial symptom onset, Both the
PLCR viral load and two consecutive PCR negative sample realizations indicated high interindividual
wariability with a surprisingly fluctuating pattem among 43% of patients. No definitive COVID-19
symptoms or set of symptoms excepting anosmia (59%) andlor ageusia (4 7%} were identified. No
preexisting medical conditions specifically foreshadowed disease trajectory in a given patient. Without
aPCR ntg;ﬁu'it"l rqquir'rnant far 'ql..llﬂl'ltiﬂll cessation, PIIiII‘Il‘I could exhibit fewer symptoms, Our
study therefore highlights the urgent need for routine ambulatory patient telemedicine monitoring,
early complication detection, intensive mass education connecting disease demeanos with
subsequent swift diagnostics, and, notably, the need to reevaluate and modify quarantine regulations
for better control of SARS-CaV-2 proliferation.
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Coronavirus Disease 2019 {COVID-19), tnggered by coronavirus SARS-CoV-2, is 2 novel disease that spread
from China 1o virivally the entire world in eardy 2020 This unprecedented disease has seriously impacted
global health, social dictams, and worldwide ecomomics, resulting in a great number of articles being published
describing Pu.ihngenmsi:. d.i:gnm:lin:s-. clinical course, trestment, and vaccine rl:v:|npr|1=|1r7 . Despite the degru
of knowledge, many concerns remain, expectally in the area targeting the natural course of the disease, An exact
deseription of individual syroptoms and their duration is sl lacking™ ™. Concurrently, working with impre-
cise clata has led to article retractions, sven from prestigions journals™,

Lnitkal clindcal trials from Ching and Italy recorded an alarmingly high eate of severe pneamania caused by
SARS-CoV-2'""" Additional studies describe pulmanary infiltrates in 2symplomatic patients™'™* =, It seems
prabable that the disease may have a dissimilar cowrss among divergent races” . Aulopsy investigations indicate
evidence of the virus affecting a wide range of different ongans, causing a mumber of seriows complications®,
Clertain risk factors increasing the likelihood of o seriows disease course have recently been identified™,

Crur prospective cohort study was developed during the first wave of the coronaviras pandemic in the Crech
Hepubbic when there was a demand to delineate the clinical picture of a dissase decimating the Crech population.
Crech putpatient care had generally been significantly reduced, and na systematic care procedure was established
fior COVID-1% positive outpathents mod requiring hospitalzation. Patients had boon advised to call an emergency
service il and when their lealth was deteriorating,.

I an emergency sitwation, sephisticated telemedicine s of greas impoertance for healtheare™, Dunng the
coromaviros pandemic, its signdficance became clearly evident. Moreover, for successful pandemic management,
geaks must includs offective education and citfeen cooperation cosrdinated by supportive state gover ning hadies.

Crur objectives were as follows:

1. Tomap b detail the natural cousse of the disease in selected Crech patients wheo were primarify ambulatory
menitisred in-home care, not requiring adrmassion to the hosprial at the time of diagross. Telemedicine and
pratocel-based management with the guidance of professional healthcare spectalists were employed,

2. Todetect early iinminent disease complications with a specific focus on predmonia, which ¢ould be undires-
ttmated h'p_pﬂ'ir:nts withioud r:suh:r h:'l:rnrmimting and im]'.llemcnlatum af ﬁFid d'ugncl:l.i:: and treztment,

3, Todescribe viral load kinetics in relation to the spectrum of clinkcal symptoms.

T develop 4 simple e algorithm for telemedicine monitoring, which could become a national siamdard

for general praciitioners,

Methods

Study population, Ouwr prospective sbeervational standardized study "COVID-[ME-20" recouiiment
period was ongeing from April 200 2020 10 September 2. 2020, Participation was effered 1o all adelis who
encountered our mohale bv.'il:ing location at the University 'Hns.lli.'ta.'l. Stud':r Pu'nj::t was a.pprm'zd by the Frhics
Caommittee of the University Hospital Broo (Mumber 01-1305200EK), All research was uniderfaken in accond-
ance with refevant puidelines and regulations. All patients signed an informed consent form.

=

Monitoring schedule.  All satpatients were monitored duily, lnmediately Fllowtig their fisst SARS-CoV-2
positivity, via a predefned questionnaire {see Supplementary Appendix | in Supplementary Information), Later,
if conditions stabdlized. monitoring intervals could be profenged. In fotal, incidence and duration of 18 disease
symptoms were recorded. Importantly, we also included symploms present prior o patient’s diagnostic poly-
merase chain reaction [PCR} test. Phone interviews were conducted by two workers with medical education
backgrounds. If health conditions deteriorated during oar fellow-up (eg respiratory distress with suspicion of
COVID- 19 poeumonia), patients would be contacted by one of the University Hospital Broo study team’s three
physicians, whe evaluated severity status and patential need for further examination andfor haspitaliation.

Althoogh our comprehensive project was destgned for one vear of inclusive patient clinical and Inmuno-
logical follow-up, primary analysis focused on acute symptom initial phase evaloations. Nonetheless, patient
telemonitoring continued until quarantine was completed in accordance with Ministry of Health regulations,
During the initlal perdod from 20 April 2020 to 7 Juby 2020, & 14-day quarantine was required after the first posi-
tive PCR fest and consequently terminated after patients exhibited no symptoms for at least 3 consecutive days
and twice tested negative with PCR tests performed minimalty 24 b apart”™, Daring study enmollment, govern-
et regulations were revised an fuly B, 2020, when patients, following 4 mini H-day quaranting including
at beast 4 as:.rmpmn:ric da.'!.'s ]11'inr Ln-qu..tr:ntine termination woeuld be considered non-infactions withaut the
need for PCR tést negativity ™.

A descraptive analysis was initially performed on all sutpatients (o= 105) and then separately lor 2 divided
cohasrts: “Cobaort with Twa Negative Tests” enrolled thraugh 7 Tuly 2000 vs, *Cohort with New Algorthm” par-
ticipating from # July 2020, Puaring oor initial study phase, symprom length was evaluated only among the first
cohart with two negative tests, whereas sympbian duration assessmend in the new algorithm cohort was deemed
immaterial owing to limited monitoring capacity, Subsequently, we recorded symptom duration throughout
extended monitoring. Regarding time dassification of patlent sympioms, day 0 was determined either as the
|:|a'|-' of initial symptom onsel or the time of Arst :p-mi.ﬁ-.rl.- u.mp|e. whichever came first. Our Paticr:t zelection

algorithm is summarized in Fig, 1.

SARS-CoV-2 detection.  Viral RNA was extracted from 300 gl of a nasepharyngeal swab sample in a wiral
trandport medium using the LabTurbo Viral DXNAMRENA Mind Kit (Taigen Bloscience, Talwan). Reverse tran-
wcription PCR was conducted with Hh SARS CaV-2 M'l.:]tip|ﬂ: {Generi Biotech, Crech Il,npﬂ.-l.in:] m:l:-m'ﬂing [
manufactarers’ instructions. Result was considered walid only when cycle threshold {Ct) value of the reference
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105 Primary telemonitored ambulatory patients

|
| !

65 Patients in the cohort with

40 Patients in the cohort with
Iwi negative fests "M Kl
(quarantine ended in the ot o of {quarartine ended m the absence of

clinical signs for at least 4 days
after 14 days fram the first positive
PCR test)

climical sazns and af least two PCR
negative tests 24 hours apart)

N= N = 63
0 Paticnts whthowut secondary hospitalization [+

» 6 Patients secondary hospitalized N

ﬁgu're 1. I'Jingmmol'pati:nl selectin a.ig,nri.lhm for the :mui:.-u'.;. which aims to describe Symipioms in
ambalatory monitored sutpatients, PCR polymerase chaln reaction.

gene was< 38,0, Result was considered positive when hath target genes (E and RARF) were detected, If only ane
of the target genes was positive, the sample was reanalyzed. Sanphes with & Ct value = 300 were interpreted as
negative, The viral elimination course was evaluated only in the cohort with two negative tests, and For this par-
ticular analysis, each patient’s day (F was determined a5 the day of the first pesitive sample,

Statistical analysis. Basic statistical methods descrnbing ahsolwte and relative frequency for categorical
warlables, mean and median, supplemented by minlmum and maximam for continuoes variables, respectively,
were used. Calegorical parametess relation was evaluated using Pearson Chi-sgquared and Fishers exact tests,
Caontinuous variables were cnmp.u'nt H.ii:l;lg Mann- '|.'l.|'hi|:r|=:|.' L7 test andd Kraskal-Wallis rank sum test, For all
analyses, 4= 0405 was used as 3 kevel of stasstical ssgnificance, unless otherwise stated. For staskstical analysis,
suftware B version 3.5.2 was used. Mon-linear dependencies of variables were visualized by the nonparametric
regression curves ohiained using the Gaussian kernel. Por the circular visualization of sympdoms’ co-occurrence,
the package "Circlize version 04117 was wsed,

Results

In the Crech Republic, a tolal of 358,650 unigue patients were lested via nasopharyngeal swab during our study,
and 19,004 {3%) were deemed SOV |9 pqaitwc. ¢r:g,ur|dﬂ'i11.g a5 A% hmpiuliul ion Tate and | 3% r':ul.q,-
rate™. Inktlally, our study recruitment was very successful with significant partkcipation. Enrallment dropped
dramatically, howsever, as the first wave of infections subsided in the Czech Republic, and fewer medical stu-
dents were available at mobile sampling points to explain study principles and advantages, Stedy immlvement
Lates acceberated (n the second half of Auguwst 2020, when numbers of infected people notably lncreased. At the
University Hospital, during the siudy periad. BARS-CoV- 1 positivity was detected in 5% [(n=50) of 11,469
examined patients, and 87% (n=517) were COVID- 14 positive outpatients In togal, 105 outpatients (20% of
Unisersity Hospatals COVID-19 positive cutpatiemts) agreed 1o participate in our study. A total of 1223 phone
interviews were conducted {mean 12 median | 1; min 1, max 25},

I:Ia'rlngraph}r and comorbidities. Amaoeng 105 cohort outpatients, the meean age was 40 years with sightly
maore women {52%), Elghty-four (30%] patients had some comarbidity with the follawing frequency break-
dowe: a=1, 3Whan=2, 24%: n =3, 8% 0 =4, 5% n="5, 5%; n =6, 1%, with the moest frequent being allergy (43%)
and hypertension {24%), (Tables L, 21 No significant difference was recorded between the two negative test
cohort {40 patbents; 38%) and the new algorithm cohort (65 patients 6%} with regard to baseline characteristics
and comarbedities [ Table 1)

Secondary hospitalized outpatients. A telephone interview conducted by a doctor was necessiry for
10 {10%:) autpatients, from which 7 (7%} required examination and six (6% were eventually hospitalized with
a 7 day median following diagnostic test and a 4 day median hospital stay (Table 5). The mabe majority (H3%)
ol hospitalized patients were admited 1o the hospital with & median age of 56 years and a median of 2 comaor-
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Table 1. Characteristics of outpatients enrolled in the study. *Only patients with asy svmptom at the tisse of
nmp|in-s; includad (e withauat 14 :!:pmptrmnjlc pnl'ierrb: al the time nFs:mpiinE}.

bidities. Symplom frequency and median duration were as follows: Fever (B3%; 9 days}, dyspnea (67%; 2 days),
cough (67%; 6 days}, and diarrhea (33%; 1 day), In relation ta COVID- 19, poeemania mandated bospitalization
in 2 patlents, diarrhea in I patients, atypical thoracalpia in | patient, und dvspnea with fever in | patient, We
evalsated the disease course as mild in 4 patients and moderate in 2 patients. One patient wias treated with rem-
desivir and one patient with a combination af hydraxpchloreguine and azithramycin, Mo patient disd. Table 3
provides a detabled description of secondary hospialized outpatients,

For suspected poeamania, 2 50-year-ald obese woman with dyspniea and cough from the two negative est
cohort underwent chest computer tomography. There was no pulmonary pathological finding apart from soli-
tary cervical lymphadenopathy, Afer symiptoms persisted for 38 days and FCR nest result was negative, further
diagnostic procedures were performed, Eventually, Castleman disease turned oat to be the reason for persistent

clinical symptoms.

COVID-19 outpatient symptomatolegy, Ameng 99 (%4%) o symptomatic autpatients, symptem
medlan number was 7 (mean 7405 min 0, max 17). During diagrosthe test sampling, 14 (13%) patlents were
pre-sympiomatic and developed some symploms during disease progression. Only 6 (6%} of oulpatients were
completely asymplomatic thronghowt the episode. All evaluated sympioms are shown in Table 4. Time distribu-
thon of symptodas is detailed in Table 5.

COVI-TS symphom froquency. Regarding symptom incldence, most common reported symiptoms were: Gen-
eral symptams of respiratory tract infection (RTT) (71%), fatigue (65%), fever (60%) with a median of 37.6 *C,
anozmia {59%), headache {58%), musculoskeletal pain [55%), ageusia (47%), and dry cosgh (43%) (Table 4},
Females reported a higher frequency of anosimia (66% va, 52%: p =1L172) as well as younger patients {median
nﬂcn{pﬂliﬂrﬂ: with anosmia vi. without anosmia was 34 vi. 47 years; p=|ll]!ﬁ]. Oither bess E:Eqw:lﬂ symiplams
wers nited in Table 6.

Length of COVID-) 9 spmpnms. Fvaluated anly in the bwo negative tests cohnr, the shortest duration of symip
toms with & median of up to 5 days included feves, headache, musculoskeletal pain, diarrhea, anorexda, tachyp-
oea. thoracalgia, and abdeminal pain, Conversely, breathing dificulties, general BT1 symptoms, dry and wet
cough, dyspies, shariness of breath, annsmia, and Ig;:uwiﬁmﬂ a Innger median duration exceeding 1 days
(Table 4). Druring telemonitoring termbnation owing to dowble PCR negativity. certaln symproms still persisted
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Table 2, Fifiy-nine other comorbiditbes in 45 outpatients “Orne patient may hive bad multiple comorbidities,

in 41% of patients, Regarding compartson of the bength of anasmia and ageusta betwesn the two outpatient
colorts, we abderved a longer medion duration ol both symapiorns in the cohort with two negative tests (anosmia

6 dzrs s, B days; p=1:039; ageusia 26 d.'rrs vi, § ﬂnrs; p=0.241 r::pcaﬁ'u:lrb [Fig. 2).

Time digtritardion of COVID-I9 spmploms. In termas of symptom time distribution related 10 disease onsel.
fever, heztache and musceloskeletal pain, practically appeared &t medion day zero from disease anset. Subse-
queent symproms comprising dry and wet cough, general KT symptome, dlarrhea. anorexaa, breathing difficul-
ties, and lachypnea were later reparted with 2 median of 1-2 days following disease onset. Finally, late symploms
with 4 median ansed of mose than 2 days involved annsmia, ageusia, abdominal pain, dyspoea, and shortness
of breath (Tahle 5). Symgtom termination lime also varied. Certain symptoms disappeared median 10 days
after disease onset I;ﬁ'rer.. headache, mm:u]nﬁ:hlulpm’n. dizrrhea, anorexia, tad'l.]?mm}.whih matst sympdoms
lasted more than median 11 days following disease onsel {anosmia. ageusia, dry and wet cough, general RTT
symptome, abdominal pain, dyspoea, breathing ditficalties, and shortnes of breath ).

Co-ovcureence of clindoal spmpdoms. We recognized a statistically significant {p<0.001) link between anosmia
and ageusia, fever and wetc , musculoskeletal pain and wet coagh, general RTE symploms and ayeosia, diar-
rhea and abdominal pain. and breathing dificaities with dvsprnea, The co-accurrence of climical signg is recorded
bt Figs. 3and 4.
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Tabde 3. Baschine characleristics of 6 cutpatients with SARS-CoV-I positivity during secondary
hospitalization. SARS-CoV-2 severe acule respiratory syndrome comnaviras 2, 1T s identification number,
COVID-I9 coranavieus disease- 19, GERD gastrovsophageal reflis disease, AHT arterlal hypertension, NA
not applicable, DEX dexamethasane, ATE antibiotics, B0V remdesivar, HCQ hydroxychloroguine, AZA
azithromycin, CRE colorectal carcinoma, HLP hyperlipidemia, PE pulmonary embolism.
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Talle 4, Incidence and duration ol COVID-19 symploms in outpatients. COYIO-19 coronavirus disease-1%,
NA not applicable. *Symptom continued on the last phane call at least in one patisnt. Telemonitoring was
ended due to double PFCR negative festing,
Asraciahion hehveen s]-mplms and eoomorbiditfes,  We nn:.l}ru:d the :\e|p]:|m1ﬂ1:i'|_:| between pd.i:m:i' characteris-
thes andd comarbidities with the number of symptoms. In general. a Hnear relationship appeared between a higher
number ol comorbidities and a ]1J.EIM.-r number af symplans I,p ={.2419) ﬂf":u,. 51. However, neither an older age
{p=0077), female gender (p=ih254), diabetes mellitus {p=0,129), cancer [p=iL69%), nor allergies (p=d.071)
were determined statistically significantly correlated with the number of disease symiptoms. Patients exhibiting
fewer symplmns were thawse with a bu.g'l'rrr BMI (p=iL370) and, m_pu"ns'nialr. smuaokers [F=l}.ﬂﬂ'ﬂ:|. i]r]mln;h this
relationship was statistically insigmificant, Hypertension did not affect the symptom number (p=10.548), bt
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Table 5. Symptoms anset during COVID-19. For each patient, day 0 was determined eather as the day of firsy
sympiom ansed, or the day of the first pasitive sample, whichever came first, although the majority of patients

generally had sy

o before the fisst Pm'ﬂ.i\r: tos® (see Fi.ﬁ. Bl Sd.xcmnqﬂel.d':,- a.lq.-mp!mhui:

patienls are nat

incladed in this Table. COVID- 19 coronavirus disease-19, NA not applicable, *Symptom continued o the last
phone call st least i one patient. Telemonitoring was ended due to double PCR negative testing.
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Table 6. Incibence of other COVID-19 symptoms in 76 eutpatients. COVID-19 corenavirus disease- 19, *One

patient miay have had multipbe symptoms.
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Figure 2, (A) Anosmia duration in the cohart with two negative tests and the cobort with new algorithm. The
b p]ms show anosmia durstion in 23 patients in the calsort with twa nepative lesls vs. 36 patients in the colart
with mew algorithm. Three patients with a mare severe disease course and binger fallow-up far ather obiective
complicatbons were excluded from the new algorithm cohert The senall circle at the top of the praph marks

an outlier. (B} Ageusia duration in the cohart with two negative tests and the cobort with new algorithm. The
b plots show ageusia duration amang 19 patients in the cohart with two negative tests ve 17 patients in the
cohort with new algarithm, Theee patients with a more sevene disease course and longer follow-up for ehjective
|:|:|r|1|:||'|ul'|m1: were excluded from the new z]lgar.il.hrn cohart

anasmia incidence was higher in patients without arterial hypertension compared to patients having this comar
hidity (40% va. 85%; p ={h036), There was no Hnk between hypertension and ageusia presence, Melther anosmia
nor ageusia were influenced by diabetes mellitus presence.

Semgory disovders with extemded follow-wp By October 31, 2020, we had completed & detailed reassessment
of sensary disvrder incidence aver time in cur two negative test cohart with 2 median follow-ap of 181 days
(Tahle 7). Total median for anosmia and ageusia length was X2 days and 21 days, with persisting sympioms in
26% and 5% of eutpatients, respectively. AL the time of second negative SARS-CaV-1 PCR testing, anasmia abd
pgeq.uﬁia. were present in almaost half (48%) and a quarter af the nrulpatients {21%:), l\e.'ipzl:tiﬂ'}:,l.

Incidence of COVID-19 symptoms diring extended follow-ag. Altheagh owr analysis primarily focused on the
Initial phase of evaluating acute sympdoms, we assessed the incidence of OOVID- 1Y symptoms in outpatients
during an extended monioring study phase with a median follow-up of 219 days, which Is detaibed in Table 8.
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Figure 3, The frequency and co-occurrence of COVID-19 symiptams in outpatients. Circular visualization
shawing the frequency of symptoms’ co-ncourrence, Arc length corresponds to the frequency of symprioms,
whereas the widih of the ribbons between 2 symptoms shows the requency of co-pecurrence. Only symptome
co-poourring in mare than three patients were included.

SARS-CoV-2 virsl load. A total of 105 dipgnostic (Le. the firss positive specimen In & unbgue patient)
nasopharyngeal swabd were analyzed. Among the two negative Leits cabort, a ot of 148 follow wp samgres
were examnined (median 3 mean 3.7; min 2, max ). Median diagnestic viral load was 25.1 C2 {mean 25.6: min
9.8, max 45.5) with viral bead similar kn both patient coharts. In the group of 6 asymptomatic patients. median
r]i:anu:.!i:r viral load was 32.9 C1 {mean-32.4; min-18.9, max-41.7].

Correliution of viral Toad with symproms during disgrosie. We evaluated the correlation between diagnostic Cr
value in relation o the time between sampling and first symplom onset {six patients with completely asymp
tomatic disease cowrse were excleded from the amalysis, while another four patients with unknown absolste
positive Ct valie were marginalized), see Fig. 6. Fousieen palients were affirmed as contacts up 1o 5 days before
s:prnpmrns' onset (Le, symphoms Jppnared after s.I.Tani.n.g-- the graph‘s r:g_hl p-m’l:inn'l. The l\emai.rl.ingﬁl patients,
with known Ct value, were symnptomatic at the time of their first poditive PCR test, and they had already been
symptomatic for an sverage of 6 dayvs {ie. symploms appearing before sampling, left side of the graph). The
AXITALITY ;,.a.rnpl:ng fime was 3 d.1:,-*s after s:,-mrnnms' onset, Correlation curve plnrlcd [.r-sh.lpe hetween |Li.1g-
nosthe Ot values and sampling time in relation to the symproms’ ensel. Highest viral Josd was detected in diag-
nostic samples analvzed 0-2 days alter initial symptom anset. Albeit not precisely recarded in numbers, patients
rationalized during telemanitoring that delays between the symptom onset and sampling reselted from either
being seared of COVID- 19 positive diagnoais o by an insafficient testing capacity.

SARS-Co V-2 eftmpwblon cowrse. Among 44 patients from the two negative fest cobert, median Hme from diag-
nostic sasmple b the st and the secomd pegativity was 19 days (mean 21.9; min 5, max 53}, and 26 days (mean
25,3 min 7, max 54}, rcsrp-h'l'iwlll_:. Mledian time from frst 1o second rue-gali-.'e :\:.'|rn:|1.le was 2 days (mean 3.4: min
1, max L8], The virus eliminatbon curve was steadily increasing {57%) or fluctuating (43%), see Fig. 7
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Figure 4. The correlation between COYID-19-symploms’ co-adcarrence in oulpatients evaluated by n.ﬁhﬁ:ﬁ:
Pearson’s Chi-squared tests {upper righth and Fishers odds rati exact tests (lower lefi). Figure rapresents t
relation between symptoms’ co-occurrence. The diagonal From the upper lefi carner to the lower right corner

comains frequency his

of wach variable {green—sympiom abeeny; red —symptam present). The Pearson’s
Chi-squared tests {on the right top of the disgonal] measure the strength of a linear assoclation between
categorical varlables presented by the Pearson correlation coefficsent. The Fisher’s odds ratio exacr tests (on

the bottom left of the diaauna.l; red and blue numbers indicate pmritire and m
represent the ardinal dependence between two measered quantitics. Each significance level Is depicted by stars:
fpe st p e D0t p < 0001, Only symploms co-occurting in more than three patients were included.
COVID | & Coranaviras Disease 20019,

egative associations, respectively|

With this patient cobort, a total of 44% and 31% still exhibited symptoms at the time of the first and the
seopnd negative test, respectively, Yet, In the new algorithiy cohort, anly 21% of patients reported any syniptom
11 days after the first positive test

Discussion

Despite organizing our study early in 2010, when there was far less knowledge aboot COVID- 19, we feel sur
findings, nonetheless, are still quite relevant and impoertant, Recruliment was intended to last for a few weeks,
However, when disease incidence dramatically decreased following the "hrst wave', cobort recruitment signifi-
cantly subsided, allowing us an apportunity te specifically monitor and evaluate various sympioms during a
longer follow-up period.

Within the Czech Pn'pu!atinn. there was no si_anil:h:mt ditlerence in the Fr:qum::f nFs:ﬂupLﬂn‘u :nmparﬂlln
published data®*"*" ", Reparding olfactory disorders, a pouted frequency differed between detection via smell
testing {76%) amd survey!questionialre report (53%), which corresponds 1o our data (59%)", In concondance
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Figure 5, The relationship between comorhidities and she number of symptoms in cutpatisnts, Figure
represeits the relationship between the tatal number of comorbidities and the tofal number of symptams in
owtpatients {Spearmans rank correlation r=0L12, p= 021} One circle correspongds to a unigue patient, however,
thi cirches of some patients meay overlap in the graph, The red lise represeénts a non-parametric regression
function.
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Table 7, Sensory diserders with extended follow-ap In the cohort with two negative tests. *1 patbent still

haad ageusia at the time of fellow-up (data adjusted to the date of the last folbew -up—Cctober, 31th, 2020). kg
patients still had anosmia ot the time of follow-up (data adiusted 1o the date of kst fdlow-up—October, 31th,
2.

with literature, we indicated an anosmia incldence higher in women and in younger patients”. However, sur
detailed monitoring subsequently revealed a spectrum of less freguent symptoms actually relaved 1o COVID-19
which should met be underestimated in Prn.n.-l:il:z I:Tahle 4], These symploms should now be included within the
already published set of symiptoms’,

Inv our study, precise mapping of symplom length epresents a unigque design, nesulting from back tracing
befere the first PCR sampling. Motwithstanding our effort. we were unable to determine exact symphom dura-
Lot U many patients owing to monitoring termination for doubde PCR negativity In the fisst cohort. Moreover,
the second cohurt of patients with the new algorithm of guarantine cessation probably shortened the sympioms
deliberately, Despite no satistically significant differences in demographic parameters and comarbidities hetween
these two cohorts, patients in our second cobor reported fewer sy mptome, and much carlier, than the patients
in the hirst cohort. For examp]:. the differences in anasmia duratiaon were uril:i.rla. We may speculate that the
mvitivation was to dissimalate non-severe symptoms In order to be released from quarantine as early as possible,
since there was no requiremnent for PCR negativity al the end of guarantine. However, these unfit patients sull,
in fact, could represent a further source of vires spreading. To the best of our knowledge, such data detailing
patkent behavioral modification responding te COVID- 1% quarantine regalations has not yet been published,

On the other hand, the relative success of governmental measures depends heavily on a population’s willingness-
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Table &, Incidence of COVID- 19 symptoms amang 66 sutpatients during follow-up phase. Although our
analysls primarily focused on acute symptomatology durlng the study'’s indtlal phase, incldence of symptens
during an extended monitoring study phase with 2 median follew-op of 219 days (mean-122; min-32, max-
486} is presented in Table 8 We evaluated in total 23 (58%) of the patients from our Cohort with 2 Megative
Tests, amd 43 (66 ) of the patients from our Cohort with New Algorithm, respectively. During the firs month
Eollowing COVID- 19 diagnasis, certain prasms persisting with 2 frequency greater than 10% in outpatients
were: anosmia [29%), ageusta (17%), fatigee (12%) and dry congh (12%]), respectively. However, at the ¢ month
Follonw-ug, anly ancdntia was detected with a highet frequency (17%). Assuming thal palients no bonger

had a reason to r!:r.r:r Fymptims after n.'uanrllinz redease, we comducied evaluations ju'inﬂr {or hoth coharis,
Only patients who apreed to enter the extended follow-up phase were Included (n our analysis. COVIT-19
coromayirus dissase- 19, M1, M2, M3, M8 nomber of months afler COVIG-19 diagoosis during follvw-up
phase. “Certain patients continwing 1o evince symptoms at the time of follow-up.

to actively parthcipate. One report investigated percelved usefulness, adherence, and predictors of bebavioral
measures in eighl countries and recognized significam differences. Seme people felt partculasly solated aed not
well supporied when certain regional governments pastured ambivalent attitudes foward the measures, while in
other countries, people deemed gover nmental communication guite positive™. With symptom duration definitedy
pralanged well bevond our telemamitoring capacity, further study of COVID- 19 became justibed. Nonetheless,
specific symplams definitely persisted even during double PCR negativity and/or manitoring termination, which
we precisely documented. In our firs cobort, 2 slgnificant tofal of 44% and 31% of paticnts still exhibited some
sympioms af the time of both first and second rp:s;m'n.-: fesi, re-sp:l:th!lr. .Mnnawiﬂ} anosmia and/or a.sgusla.
svmptoms included dry or wet cough, general KT sympiome, headache, breathing difficulties, dyspnea, shoriness
ol breath, thotacalgia, dry skin, and additional complications that developed during the disease. Furthermsore,
certain symptams, particularly anosmia and sgeosia, persisted during our extended phase for more than half a
year after COVID-1% diagnosis. In literatare, this topic is one of the most descussed lssues regarding COVID-19,
Persisting sensory dysfunction was observed in up o 2 quarter of of patients™’. The mechanism of COVID-19
refated clfactory dysfunctien differed from those shaerved with an acute cold and may reflect  specific central
nervaus system impalrment in some COVID-19 patients', We believe, therefore. that government and health
nuthuri'l}- quamnﬁnz cexsUnm Eu.iﬂ:[in:s need io reflect our factual 'F:miing;. Current Crech R.epﬂhlil: l\es,ula-
thns mandate an early quarantine termination after just 10 days and without a negative test, when the patient |s
asymplomatec for the bt 3 days". Yel specific mandatory guidelines regarding asymplomatic patient detection
do not, however. presently exist, Moreover, recent emphiasis seems o focus on discussing long-term consequences
affecting particular patiengs™ 5,

Based on contemporary data, ne COVID-19 specilic symptoms beyond smell and taste loss have been
recardsd™, In pur squdy, 59%, 47%, and 65% of patients reported anosmia, ageusia, o both, respectively, while
sympoms appeared on averape 4.5 and 4.6 days, respectively, following disease onset. Thus, nearly two-thinds
of petients are clinically detectable, albet at the expense of regrettable delay, during whach time e virus could
spread unabated following disease onset
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Figure 6, The correlatbon between Ct value of the first positive test and the time of inlual symptom onset,
Figure shows the carrelation between diagnostic Ct value (performed on day 0) and the day of initial sympioms’
omset, Bach small circle represents one unique symptismatic patient {the six completely asymptomatic patients
wiere excluded from the analysis additionally, anothes four patients with unknown absolute positive Ctvalue
were excluded ). To the right of the dashed line, a total of fsurteen patients detected as conlacls are shawn {eg.
symptoms appeared afler samplingl. Patients already symptomatic at the time of the firsl positive FCR tes
samipling (M =81} are displaved directly on the dashed line and 1o the lef side of the dashed e The correlation
red curve between diagrostic Ct values and sampliog time in relation te the symptoms’ onset is plotted U-shape,
it cycle threshold, PCR polymserase chain reaction, SARS-Caol-2 severe acule resplratory syndrome coronavinis
i

Considering the co-occurrence of symptoims, we have confirmsed a significant link between anosmia and
agewsaa”’, Unlike large published data sets™, we have not, with aur 115 patient cohort, establashed statistical
significance in the correlatlon between particular symiptoms and comarbidities. which emphasizes, in fact, that
u given patients disease course is not dependably predictable in advance, which emphasizes the advantage of
recommending an individualized telemedicine approach, This similarly halds true for predicting complications
andl the need for hospitalization. While certain risk factors have been detatled ™", we concur that focased
routine telemonilaring is a preferable optios. Furthermore, our research has substantiated that COVID-19
sympiams can overlap with another disease, which emphasizes advantages of careful monitoring. The telem-
onitorng guesthonnaive we have designed i tmely, applicable, and can be employed by paramedics as well as
experienced professionals.

Severe documented pnenmonia did not ocour in our study with a bigh frequency (2%}, which is reassaring,
On the other hand, we quite often observed certain respiratory symproms, which wese not easily explainable
l:df.'iPrIEI. b0, hr::lh'ms diffhiculties, 13%; shortness of breath, 3%; 'rnd'l.}]n'l.ﬂ.. 3% 1 Patients were it examined
by auscultation, and mondtering staff did pot consider symptoms severe encugh to require a CT scan. Theoreti-
cally, we coubd have missed clinicatly mild COVID-1% pnewmonias. In Bierature, pnewmoanda with a CT pathol ogi-
cal determination was described in up to 100% of asymptomatic and pre-symptamatic patients™ =, Maresver,
these patients exhibited longer virus shedding which might factlitate discase ransmission’!. Hence, we advocate
the meed for a well-designed study concerning chest CT examination in all newly diagnosed COVID- 19 patients,
which is highly important with respect t ethical and irradiation issues. Clearly corresponding with data for the
Carech Republic (5.9%) during the observed perlod, only a small representative proportbon of outpatients {5.7%)
EMn pr :‘h.ld'r r:qui:r\ﬂl semnda.r:.r hnrpdtﬂi:atinn during their course of GOV 9,

Cenly a few people in cur stady {13%) were detected as contacts on averape 2 days before the onset of symp-
s, with only 6% of other patients being completely asymplomatic thiu the course of the disease. Conversely,
st patients (8 1%) were already symptomatic at the time of sampling, performed on day I up to day 36—on
average day 8—which s relatively late in terms of discase onset. With the highest viral boad 2t the time of initlal
symplom onsed, as alfirmed i our analysis (see Fig. 6). these patients exemplified massive SARS-CoV-2 spread-
ers. Our data places maximum emphasis on hygiens mensures, weaning face masks, educating masses regarding
syEiptoms, transmission and spread, and the inperative for carly testing s gueckly s possible™. According 1w
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Fipure 7. Viral boad dynamics in the cobort with two negative tests. Figure ustrates the viral load dynamics
of a tatal af 40 diagnastic (red points on the leit side of the graph) and 148 fodlow-op smples evaluated in 40
patients fram the cobort with o negatiee tests, The second negative tests are highlighted as green polmts as
the top ol the graph. Constantly increasing virus dlimination cdrves age colored black, while fliectuating ones
are bloe, SARS-Col-2 severe acute 1z|i|:|iram.'|rg.I s:lm-drms: coronaviras 2, O c:|rc|e threshanbd., qP!'_.‘R qunnrilutive
polynserase chain reactbon,

inlerviews, patient delays resulted from fear of testing, fear of a COVID diagnosis. and/or insuflicient tesling
capacity.

Recently, quite controveralal yet very important toplos bave emerged regarding the relationship between PCR
|_:||:|sil'i'\r.i|:5.I duration, viral !ﬂ'l.cdd.inﬂ:.:mxl!h: Pnbenﬁalfnr irl.hll.-\d:i\ril}'. an Pnssil:!|= rednfection, which is crucial fur
preventing virus spread and effective vaccine development™ ™. A prospective extensive French study analyzing
379 SARS-CoV-2 gPCR-positive nasopharynpeal samples and 1941 cell culture isolates has enriched knowl-
:d!;e aboat duration and Fr:l:]u:m::,r of live virus !'h.ﬂld'in;“. Samples with Ct = 25 up to 7% positivity in s
culture were recognized. However, for samples with Ct 3, this ratio decreased 1o 20%, and at Cx 353, less than
3% of cullires were positive.

In addition, anoather pmsl'u:cti.w i.TLIJ':,I’!Ti.'- evaluated pufentia.l ini::tirir:,- i nnlf i the correfation between CE
valwes and viras growth capacity in the cell culture but also by determining newtralizing antibodies in healthcare
professionals with prolonged viras shedding ap to 55 days". Postive Ct values above 30 corresponded e men-
vishle particles. In the case of Ct-vahses belaw 30 and the simultaneous detection of newtralizing antibodies,
autlors alse asswmed non-infectivity, Liverature review indécated that patients with severe-to-ceitbcal Qiness or
those immunocomgpramized cowld shed the infectious virus for a significamtly lenger period than L manth™,

The minimat viral load te be infected is unknown in humans and will probably vary ameng different people
owiig to many inherited and acquired factors. Moreover, culturable or non-culturable sample may Bol neces-
nri|:.r :ql.ul the real infections cap:n:it:lr'”':. Hevertheless, 25 we determined, Cf valess can vary dunnﬂ_ Snl||:|w-up.
which is an infriguing, previously reported phenomenon®™** that has not yet been exactly explained. Usually,
the presemce of viral BNA without sample cubtivability is interpreted as a non-vital virws shedding™. Keeping in
mind potential serious sacial, emotional, and econamic consequences of a lenger quarantine along with Tationale
noted shave, we would be very cautious regarding a fixed time interval quaranting for all patients. Moreover, we
agree with Fontana et al. | that further data is needed 1o understand the correlation between iransmissaon risk,
calture positvity, and Ct thresholds, In the Crech Repubdic, a second wave of the epidemy began upon the sasing
af very strict initial messurne, which included quarantine up until o double negative FCR test.

Conclusions
Owr timely study has detailed QOVID-19% natural cowrse amsong outpatients in terms of PCR-measured viral
Inad kinetics, Disease course apparently is significantly variable, although with certain individuals, on the hasis
of comorbidities and other characteristics, trajectory nsay not be reliably predicted. emphasteing necessity for
individualized patient monitoring and management. Double PCR negativity will not necessaraly ensure simul-
tanenys symiptom disappearance

Gevernment regulations incloding prospective shodt fived quarantine witlout a meed for definitive PCH nega-
tivigy mi.aht'rnnduht: P.Itir:nt behavior, influence individual l\e;p-mtingnl’nm- LTINS symiptams, and z\.l':rll!l.'laﬂ:.I
lead bo inappropriate premature patient refesse from quarantine, thas contributing to further infection spread,
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Onlya minority of patients were E::Peditnuu:}:f identitied 2s COVID- 19 contacts. Others, :I]I‘J'I.l'll.lsl'l sympt.
meatlc, were ofien detected following significant delays, which contributed to the vires spread. [ndividuaal viral
kinetics displayed bmmense variability and fuciusted in nearly half of the patients.

fiased on thess findings, we recommend: (11 4 wide-ranging intensive sophisticated precise, and long-term
educatboral campaign focused on the entire population in order to diagnose the disesse as carly as possibde,
mazimize lracing, amd facilitate strict adherence 1o hyyiene measures; (1) considering a more individualized
mede] far quarantine termination: (3} improving communications hetween patients, general practitioners, and/
ar healthcare workers with follow-up telemonioring in accordance with 4 predefined questionnaire aimed art
early detection of patential complications and disparate serivus diseases relating to acute COVID- 19,
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Successful early treatment combining remdesivir with
high-titer convalescent plasma among COVID-19-infected

hematological patients

1 | INTRODUCTION

Immunocompromised patients with hematological malignancies are
at high risk for a severe course of COVID-19 (Coronavirus Disease
2019) with a deadly outcome. ' With remdesivir use, several ran-
domized trials have recorded abbreviated recovery periods, lower
martality, and positive consequences of early treatment initiation
Baszed on randomized trial results, the FDA has approved remdesivir
for the treatment of COVID-19. Regarding convalescent plasma (CP),
evidence from recently published large trials implies that early
administration of high-titer CP is most efficacious.”

However, no pubdished studies assessing the effect of remdesivir
or CP In COVID-1% have included a substantial proportion of hem-
atooncology patients, and available data are limited to case re-
ports.®7 In view of this dearth of data, we decided to analyze the
efficacy af early combination therapy of remdesivir and high-titer CP
amoeng hematological patients, This treatment strategy was imple-
mented after chserving several grim COVID-19 outcomes among
these patients.

2 | METHODS

Our retrospective study from 30 December 2020 through 2% March
2021 included unselected consecutive hematological patients diag-
nosed with COVID-19 (presence of SARS-CoW-2 verified by Reverse
Transcription Polymerase Chain Reactjon, RT-PCR, or antigen from
nasopharyngeal swab) and subsequently treated with a remdesivir
and high-titer CP combination at our hospital. Disease severity was
assessed according to adapted definitions.® Data were obtained from
source medical documentation covering comerbidities, pulmonary
imaging, COWID-19 diagnostics, therapy, and outcome. High-titer CP
was manufactured from plasma of convalescent male donors with
SARS-CoV-2 anti-5 antibody levels at least 200 U/m| (Elecsys® Antl-
SARS-Cov-2 &) at the time of plasma collection.

Al patients received intravenous remdesivic 200 mg on day 1,
followed by 100 mg daily for a total of 5 days. Two units of high-titer
CP (SARS-CoV-2 neutralizing antibodies at a titer 1:160 and higher)

were administered per one treatment cycle. Several underwent
retreatment due to either prolonged SARS-CoV-2 positivity or re-
positivity, eventually supported by culture virus viability, or as a
secondary prophylaxis during ongoing  oncological treatment. A
descriptive analysis was conducted separately for two divided co-
horts: "Prevrmonia Cohort” versus "Mo Preumonia Cohort™ at the
onset of combination therapy. Preumaonia was disgnosed based on
chest w-ray pulmonary infiltrates or high-resclution computer to-
magraphy. Qur research was undertaken in accordance with relevant
guldelines and regulations, All patients involved signed an informed
consent form.

Basic statistical methads describing absolute and relative fre-
quency for categorical variables, mean, median, minimum and
maximum for continuous variables, respectively, were employed.
Categorical parameter relations were evaluated using Fisher's exact
tests; continuous varlables were compared using the Mann-Whitney
U test with @ = 005 as a level of statistical significance.

3 | RESULTS

A total of 32 hematological patients (V5% not in remission), with
acute leukemias, lymphomas, and myeloma as the most frequent
underlying diagnoses (B1%] were evaluated with a median follow-
up of 34 days (min—15, max—92). Baseline characteristics are
described in Table 1. In both cohorts, median time from SARS-CoV-
2 positivity to treatment onset was 1 day, When initiating remde-
sivir, 56% of patients already had evidence of pneumonia. The
SARS-CoV-2 diagnosis was primarily determined by RT-PCR test
(7%}, While not substantial, our “Pneumonia Cohort” exhibited
mare comerbidities and worse white blood cell parameters than the
"Ma Pneumaonia Cohort” When COVID-19 was dizgnosed, our
“Pneumania Cohort” had a remarkably higher stage of disease
severity (moderate-severg-critical] compared to the “Mo Preu-
monia Cohort” (83% ws. 14%; p < 0.001) {Table 1}. Corticosteroids
and low-molecular-weight heparins were employed amaong 47% and
P1% of study patients, respectively, without a considerable differ-

ence  between  cohorts, During  the  first  treatment  cycle,

Hematological Oncalogy. 2021;39:715-720,

wileyanlinelibrary. comdjournal/ hon
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significantly. a higher number of patients in our “Pneumonia
Cohort” developed severe or critical COVID-1% compared to the
"Nov Pneumonia Cobort" [B89% vi 29%; p < 0.001). Nine patients
(28%) received, in total, 12 retreatment cycles either for prolonged
SARS-CoV-2 positivity (58%), eventually supported by viral culture
positivity (3%}, as a secondary prophylaxis (27%) or for SARS-

CoV-2 re-positivity (17%). No patient dewveloped direct adverse
reactions requiring treatment reduction, Final evaluation recorded
thees deaths (9%), all in the "Preumaonia Cohort” and attributed to
critical COVID-19. No further significant differences were noted
between the two cohorts. Data concerning therapy and outcome
are avallakle in Tables 2 and 51

TABLE 2 Characteristics of treatment comhbination and cutcome in patients stratified according to the presence of pneumonia at the time

of COVID-1% diagnosis

First treatment cycle in COVID-19 positive patients, n (%)
Total length of remdesivir treatment. days, median; mean (ronge)

Mumber of days between COVID-1%2 diagnosis and remdosivir
start, median; mean {range)

Total number of high-titer CP administration. median; mean [range)

Mumber of days between high-titer CP administration and
rermdesivir start, madian; megn {range}

Concomitant corticosteraids use, n (%)
Concamitant LMWH use, n [%)

COVID-19 highest degree of severity on treatment during first
treatment cycle, n (%)

Asymptomatic

Mild

Moderate

Severe

Critical

Total length of hospitalization during first treatment cycle, median [range)
Total number of treatment cycles, n

Mumber of cycles per patient, median; mean {ronge)

Murmber of patients with 2nd cycle, n (%)

Mumber of patients with 3rd opcle, n (%)

Mumber aof patients with dth eycle, o (%]
Reasan for retreatment, o (%)

SARS-CoV-2 prolonged positivity

Secondary prophylasis

SARS-CoW-2 re-positivity (new positivity after negativity)
SARS-CoW-2 culture performed during all treatment cycles, n (%)

Time from remdesivir start to sampling. days. median {rongel

Positive SARS-CoV-2 culture, n (%)
Alive at the time of data cutoff, n (%)

Death attributed to COVID-19, n (%)

Note: The significance level p < 0005 is depicted In bold.

Total Pnoumonia cohort Mo preumania cohort  pevatue
32 (1000 18 (56 14 {44) or
550 (NA) 5: 5.0 (hA) 5 5.0 (MAl 10
1,23 (0-11 124 (0-10) 1,21 40-11) 0512
220(2-3) 2: 2.0 [NAY 22102-3) 10
0;-025 (-5-1) 0 -030 [-5-0) 0 -0.20 (-4-1] 0803
15 147) 10 (581 5 (36} 0.308
29 (91) 18 (100) 11479) 0073
2 (6} 0o} Zi14) <0001
8 (25) 0 (o) 857

2 [6) 2{11) om

15 (47) 11 (811 4029

5 (16 5 {28) 010)

13 (5-51) 15 (6-91) 12 {5-24} 0574
a4 27 17 P
114 (1-4) 1; 15 (1-4] 112 (1-2) 0337
5 [28) & 133)" 324 0694
2 [4) 211 ai0) iy
1108} 118} ai0) M

& (a8 778) 1 (33} 0.238
2 (17 111 1(331 0455
2017 1{11) 10331 0.455
(18] 4(15) 4 (24} 0.650
& [0-30) & (0-18) 7 (0-30) Ty
5163 4 (100] 125 A
23 (91 15 (83) 14 (100) 0238
3 (100} 3(100) MA NA

Abbreviations: COVID-19, coronavirus disease 2019; CP, convalescent plasma, LMWH, low molecular weight heparing SARS-CoV-2, severe acute

respiratory syndrome-related coronavirus-2,
*One patient recelved 10-day remdesivie treatment.
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4 | DISCUSSION

Our study highlighted efficacy of early concomitant use of remdesivir
and high-titer CP in hematological patients with newly diagnosed
COVID-19, irrespective of incidental pneumaonia.

In literature, a number of mislticenter analyzes are published,
Including meta-analyses, describing high mortality attributed Lo
COVID-1% in patients with hematological malignancies.™*%1% A
meta-analysis evaluating more than 3000 hematalogy patients with
COWID-1% augmented mortality evidence of 34%, 53%, 41%, 34%,
33%, 32%, and 31% among the entire cohort evaluated. in acquired
bore marrow failure syndromes, acute lewskemias, myefoproliferative
neoplasias, plasma cell dyscrasias, lymphamas, and chronic lympho-
cytic leukemias, respectively.? Similarty, an extensive retrospective
study indicated a high probability of death (34%) from COVID-1% in
650 patlents with plasma cell disorders. Moreover, large retrospec-
tive studies evaluating infection courss In a total of 327 patients with
chronic myeloid leukemia recorded high mortality of up to 143 %%

Remdesivir and preferably high-titer CP affected, in general,
benefit related to shortened recovery periods among hospitalized
patients with |ower respiratory tract infection and mortality reduc-
tion, with early treatment initiation being the most important attri-
bute®* " Prolonged remdesivir administration did not manifest
significant benefit among the general population. Nevertheless, these
determinations could not be extrapolated to immunocompromised
patients with a high risk of persistant viral replication amaong patients
with severe SARS-CoV-2 infection ™

Regarding hematological patients, no large clinical trial reports
detailing effects of both remdesivir and CP therapy upon COVID-19
have been recorded. However, several case reports affirmed severe
protracted courses of SARS-CoV-2 infections resulting from inalbxlity
to produce virus neutratizing immunity, with prolenged shedding of
viable virus up to 2 months following symptom onset and SARS-Cov-
2 reinfection®” Similar to our data, prolonged remdesivie therapy,
including retreatment, and. ultimately, in combination with CP. evi-
denced effectiveness, in vivo, among immunocompromised bermato-
logical patients””

Our study's major strength is its foeus on 3 uniform single-center
cohort comprised exclusively of hematological patients and limited
only in terms of sample size and control group participation,

5 | CONCLUSION

COVID-1% infections notably pose a3 high risk of morbidity and
mortality for immunocompromised hematoconcology  patients in
comparison with the general population. While robust data on
remdesivir and CP treatment [n this specific group of patients are not
wet available in literature, published case reports and our substantial
actual clinical records indicate remarkable efficacy of a high-titer CPS
remdesivir combination initlated immediately following COVID-19
diagnosis. We believe that this treatment strategy is especially
effective in patients who have not yet developed preumonia.
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Successful early use of anti-SARS-CoV-2 monoclonal
neutralizing antibodies in SARS-CoV-2 infected
hematological patients - A Czech multicenter experience

Abstract

COMID-19 significantly impairs survival rates among he-
matological patients when compared to the general pop-
ulation. Cur prospective multicentre project - analyzed
early administration of anti-SARS-CoV-2 spike protein
neutralizing monoclonal antibodies (NmAbs) - bamlanivi-
mab (72%]) and casirivimab/imdevimab (28%) - efficacy
among hematological patients with early-stage COVID-
19, Mortality rate was compared to a control cohort of
575 SARS-CoV-2 positive hematological patients un-
treated with any specific anti-COVID-19 therapy, 88 he-
matological patients with lymphomas, acute leukemias,
and myeloma as their most frequent underlying diagnoses
[72%) were evaluated with a 7 days median follow-up
after MmAb administration. One third of patients (32%)
were treated with an anti-CDZ0 monoclonal antibody
before COVID-17 diagnosis. Median time between first
COVID-19 symptom and NmAb administration was
2 days. When administering NmAb, 29%, 57%, 11%, 2%,
and 1% of our patients had asymptomatic, mild, moderate,
severe, and critical degrees of COVID-19, respectively.
BO% of baseline asymptomatic patients remained asymp-
tomatic following NmAb administration. Median duration
of COVID-1% symptoms after NmAb administration was
25 days. Progression to severefcritical COVID-19
occurred among a total of 17% (15/88) of our cases and
numerically higher with bamlanivimab versus casirivimab/
imdevimab {21% vs. 8%: p = 0.215), and myelomas (29%),
lymphomas (17%) and acute leukemias (18%), respec-
tively. During final follow-up, nine deaths {10%) were
recorded - all after bamlanivimab (p = 0.056) with 8%
attributed to COVID-19. Regarding “remdesivir/conva-
lescent plasma naive” patients, COVID-19 mortality rates
were significantly lower in our NmdAbs treated cohort
compared to the control cehort of untreated SARS-CoV-2

pasitive hematological patients (6% vs. 16%, p = 0.020),
respectively. Our study validated the safety and efficacy
of NmAbs early use among hematological patients with
newly diagnosed early-stage COVID-19 in terms of alle-
viating infection course and decreasing mortality. Results
confirmed a more positive effect of a casirivimab/imde-
vimab combination versus bamlanivimab monatherapy,

1 | INTRODUCTION

During randomized trials involving general outpatients, neutralizing
spike receptor-binding protein monoclonal  antibodies  [NmdAdbs)
against SARS-CoW-2 (Severe Acute Respiratory Syndrome-related
Coronavirus-2) compared to placebos have affirmed effect related
to a significant decrease in viral load, outpatient visits, hospitaliza-
tions, and COWID-1%-related deaths (Coronavirus Disease 2019),
with an excellent current safety profile.” 7 similar results were ob-
tained via retrospective case-control studies regarding freguency
reduction of hospitalizations. ™

Immunocompromized patients are generally more susceptible to
COWVID-19 with higher mortality reported than the general popula-
tion** To date, only a limited number of retrospective case studies
chranicling $ARS-CoV-2-positive solid organ transplant patients with
no worsening of symptoms and further hespitalization after NmaAbs
administration have been published.”™

In literature, robust data on MmaAbs effectivity in COVID-19
positive hematological patients are still lacking. ™' As a result, we
resolved to analyze results of what at the time was dominantly the
largest cahort of COVID-19 immunocompromized hematology pa-
tients treated with Nmabs-bamlanlvimab or casirivimab/imdeyvimab,

2 | METHODS

Cur prospective study included random successive patients with
hematological disease diagnosed with COVID-19. verified with
Rewverse Transcription Polymerase Chain Reaction (RT-PCR) or an-
tigen testing, and subsequently treated with a neutralizing spike

2B0 | Hematofogical Oncofogy. 2022,40:2B0-284
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receptor-binding protein monoclonal antibody - bamlanivimab or a
casirivimab/imdevimab combination - against SARS-CoV-2Z, admin-
|stered frem 01 March 2021 through 13 May 2021 at eight
Czech Republic hematological centers. The project was initiated and
implemented on behalf of the Czech Leukemia Study Group for Life.
Medicines were administered following  temporary  regulatory
authorization by the Czech Republic Ministry of Health. Disease
severity was assessed according to adapted definitions.'! Data were
obtained from source medical documentation covering comorbid-
[thes, COVID-192 diagnostics, therapy, and outcome,

After COVID-17 amtigen or RT-PCR diagnosis, all patients
received a single dose of either 700 mg of hamlanivimab (72%) or
1200 mg of casirivimab/ 1200 mg of imdevimalby (283).

Research was respective of relevant guidelines and regulations
with project approval by the Multicentric Ethics Committee of the
Broo University Hospital (Mumber 01-290321/EK). Al patients
imwelved signed an informed consent form,

Basic statistical methods describing absolute and relative fre-
quency for categorical wvariables, mean, median, minimum and
maximum for continuous variables, respectively, were employed,
Categorical parameter relations were evaluated wsing Fisher's exact
tests with p = 005 as a statistical significance level. COVID-1%
mertality data were compared with a control cohert of SARS-
CoV-2 positive hematology patients from participating centers
who were not treated with WmAbs or any COVID-19 specific
treatment.

3 | RESULTS

& total of 88 hematological patients, with lymphomas, acute leu-
kemias, and myeloma as the maost frequent underlying diagnoses
(72%: &64/88) were evaluated with a 97 days median follow-up
(mean: 89, range: 8-138) after NmaAb administration. One third of
patients [32%; 28/28) were treated with an anti-C020 monoclonal
antibody (rituximab in all cases) during the 2 years prior to COVID-
19 diagnosis, Around a third of patients (38%: 29/81) received at
|east one dose of SARS-CoVW-2 vaccine before their COVID-19
diagnosis. 15% {12/82] of patients had a second COVID-19
eplsode when NmAb was administrated, Baseline characteristics
are described in Table 1. Among B1 evaluable cases, median time
between the first COVID-19 symptom and MmAb administration
was I days (mean: 3, range: 0-18) Median time between SARS-
Cov-2 positivity and NmAb treatment was 1 day, While adminis-
tering Mmakb, 25 (29%), 50 (S7%), 10 (11%). 2 (2%}, and one (1%} of
our patients had an asymptomatic, mild, moderate, severe, or critical
degree of COVID-19, respectively (Figure 1}, Following NmAb
administration, a total of 11/80 (14%) patients were treated with
remdasivir, and 7 (7/80%: 9% received (CP) together with remde-
sivir, respectively,

Regarding extent of infection during follow-up, 35%, 33%, 12%,
105 and 10% of the entire group of patients had asymptomatic. mild,
moderate, severe, and critical COVID-1%. respectively. Among all

WILEY |2

baseline asymptomatic patients, 80% (20/25) remained asymptom:-
atic following MmADb administration. With 78 case evaluations, me-
dian duration of COVID-19 symptoms after Mmab administration
was 2.5 days (mean: 11, range: 0-101). Progression to severefcritical
COVID-19 occurved amaong 17% (15/88) of our patients - numeri-
cally more freguently yet not significantly in the bamlanivimab versus
casirivimab/imdesvimab cobort (21% vs. 8% p = 0.215). Among the
entire patient group, COWID-1%'s course indicating baseline severity
and the specific extent of infection during follew-up is detalled in
Figure 1.

Furthermore, the highest rates of COVID-19 progression to se-
verelcritical degrees and death were observed among myelomas
(29% and 12%), lymphamas (17% and 7%), acute leukemias (18% and
&%), and chronic lymphocytic leukemias (8% and 8%), respectively.
Regarding concluding oncological treatment medality, COVID-19
progressien to severe or critical degree and death during fallow-up
were most often recorded among patients after inductiondreinduc-
tion of AL [60% and 20%), autologous stem cell transplantation [SCT,
25% and 13%), and in patients treated with anti-CD20 manaclonal
antibody (14% and 11%), respectively. The data are summarized in
Table 2.

The proportien of anti-SARS-CoVW-2 vaccinated patients was
appraximately the same in both groups of patients with moderate/
severe/eritical (Mo/S/C) COVID-19 when compared to asymp-
tomatic'mild [AME) COVID-19 at foliow-up (8/728%, 29% vs. 21/
GO0, 35%; p = 0.431)L The median number of days from first
vaccination to COVID-19 diagnosis was yet not significanthy but
numerically longer in the Mo/S/C group compared to the AJMI
group (21 vs. 14 days; p = 0.542). Prier to COVID-1% diagnosis,
4% of patients with Me/S/C worst degree of Infection versus 5%
of patients with AMI worst degree of infection received a secomd
vaccination.

Final evaluation during the last follow-up affirmed 8%% (787
BB} asymptomatic patients, one patlent (1%; 1/88] with an abiding
symptom [dyspnea), and nine deaths (10%; $/BB). All deaths
involved patients administered bamlanivimah, with seven fatalities
(8% resulting from COVID-19. The number of deaths was mark-
edly higher with the cohort given bamlanivimab compared to
the pgroup dispensed casirivimabfimdevimab  (14%  ws 0%
p o= 0058, Data concerning COVID-19-related cohart fatalities
are available in Table 51, All three patients with severe or critical
COVID-19 at baseline were still surviving at the time of their last
follow-up.

When comparing COVID-19-related mortality in our group of
Mmabs-treated “remdesivir/CP-naive” patients (n = 69} with a con-
trol cohart of SARS-CoV-2 positive hematology patients without any
COVID-19-specific treatment managed by participating centers
{n = 575}, significantly fewer patients died in our NmAbs treated
group than in the untreated controd group {16% ws. &%, p = 0.020;
Table 21.

Adverse side effects were reported In 1 patient [L/63%; 2%)
after bamlanivimab (syncope, nausea, fever) and with 1 patient 1/
25%; 4%) after casirivimab/imdevimab (burning and eye pain).
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TABLE 1 Characteristics of COVID-19 hematological patients enrolled in the study

Number of patients, n (%)
Age at the time of COVID-19 diagnosis, years, median; mean (range)
Sex, male, n (%)

Comorbidities, n (%)
Hypertension
Diabetes mellitus
Dyslipidemia
Coronary heart disease
Smoking
Allergy
Pulmonary disease
Obesity
Other

None
Unknown

Underlying di at baseline, n (%)
Lymphoma

Acute leukemia

Multiple myeloma
Chronic lymphocytic leukemia

yeloproliferative

Chronic myeloid leukemia
Myelodysplastic syndrome
Other hematological diseases

Number of days b diagnosis of h logical di and COVID-19, median;
mean (range)

Last hematological therapy 2 years prior to COVID-19, n (%)
Anti-CD20 monoclonal antibody (rituximab in all cases)
Another chemotherapy
Autologous SCT
Allogeneic SCT
Corticosteroids
None

Number of days between last hematological therapy and COVID-19 diagnosis, median;
mean (range)

SARS-CoV-2 vaccination before COVID-19 diagnosis, n (%)
Total number of vaccinated patients
Number of patients only after 1* dosage of vaccination

Number of days between 1* dosage of vaccination and COVID-19 diagnosis, median;
mean (range)

Number of patients after 2™ dosage of vaccination

Number of days between 2™ dosage of vaccination and COVID-19 diagnosis, median;
mean (range)

88 (100)
63; 58 (19-84)
48 (55)

32 (36)
18 (21)
14 (16)
11(13)
8/79 (10)
38/82 (46)
78}
6(7)

32 (36)
21 (24)
4(5)

30 (34)

17 (19)

17 (19)

12 (14)

4(5)

2(2)

2{2)

4(5)

406; 1462 (5-16,367)

28 (32)

27 (31)

8(9

6(7)

4(5)

14 (16)

19; 74 (0-721)

29/81 (36)
25(31)
15; 19 (6-53)

4(5)
22; 33 (5-83)
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TABLE 1 (Continued)
COVID-19 second episode, m (%]
Type of anti-SARS-CoV-2 monoclonal neutralizing antibody. n (%)
Bamlanivimab

Casirivimab/imdevimab

Murnber of days between COVID-1% diagnosis and NmAb administration, median; mean

frange)

12/82 {15)

&3 (72
25 (28}
114 (0-6)

Abbreviations: COVID-19, coronavirus disease 2019 NmAbs, neutralizing monoclonal antibodies: SARS-CoV-Z, severe acute respiratory syndrome-

related coronavirus-2: SCT, stem cell transplantation.

Asymplomatic (N = 15)

4%

Severe (N=12)

Mild (N = 50)

L=

Moderate (N = 10}

Critical {N = 1)

Asympiomaiic
Mild
Mirdlerate

& & & &

Severe

Critieal

FIGURE 1 COVID-1% development overview from initial disease severity to the highest degree during NmAbs administration follow-up.
Figure 1 presents a total of five pie charts divided according to COVID-19 baseline degree at the time of NmAbs administration. Percentage of
COVID-1%'s worst degree at follow-up is indicated in pie chart colors (asymptomatic in red, mild in black, moderate in dark gray, severe in
blue, and critical in light grayl, COVID-1%, corona virus disease 2019, NmaAbs, neutralizing 344 monoclonal antibodies

4 | DISCUSSION

Cwur study highlights the importance of early administration of anti-
SARS-CoV-2 npeutralizing Mmabs, bamlanivimab or casirivimaby
Imilevimab, among hematological patients with freshly diagnosed
COVID-1%.

In fiterature, a number of extensive analyzes have heen
published detailing substantially higher mortality attributed to
COVID-19 in hematological patients compared to the general pop-
ulation.®® As an example, one |arge meta-analysis study recorded
more than a 30% mortality among Individuals with hematological
malignancies compared to the B% mortality in cur cohoert %

Anti-5ARS-CoV-2 spike protein NmAbs. might generally be
effective in substantively decreasing viral load, along with reducing
sutpatient visits, haspitalizations, and COVID-19-related deaths with
mild to moderate dizeaseone to four Of major importance is timely
treatrment administration from the onset of COVID-1% symptoms, as

our research revealed a shorter median when compared with ran-
domized studies (2.5 days vs. 3-4 days).'*

Similar results were obtained by a large retraospective case-
control study noting all-cause mortality reduction at day 21 among
a group of high-risk general patients who recefved bamlanbvimab
compared to a control group with mild to moderate COVID-19
{0,05% v 0.4%: Risk Ratio-RR, 0.13)° Furthermore, another real-
life clinical setting confirmed that Mmab (bamlanivimab or casir-
ivimab/imdevimab) treatment  significantly decreased  hospital
in-patient status among a general population cohort with mild to
maoderate COVID-19, especially when treatment was  inltiated
<4 days after symptom anset,”

Regarding immunocompromized patients with a high risk of
persistent viral replication and severe infection course, a case study
analyzing 25 solid organ transplant patients with mild te moderate
COVID-19 treated with casirivimab/imdevimab and another study
fram the same center evaluating a total of 10 solid organ transplant
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TABLE 2 COWID-1% progression to severe or critical degree and deaths during follow-up compared to the control NmAbs untreated

cohort
Control cohort without
Cohart of patients treated with NmAbs (n = 88) MmAbs treatment (n = 573)
critical COVID-19 to COVID-19 Deaths attributed to COVID-19
Total patients, n (%) 15/88 {17) 7488 (8) MO
Total "remdesivir/CP-naive” patients, n (%) G697 19) 465 (6) 93,575 {16)
Underlying disease at baseline, n (%)
Lymphoma 5030 (17) 230 (7} 22/114 (19)
Arute levkemia 1T (18 1417 (6) 14/87 (16}
Multiple myeloma 57 (29 2417 (12) 14788 (18}
Chronic ymphocytic leukemia 112 18) 1412 (8) 21788 (24}
Myeloproliferative neoplasias /4 () v4.40] &/57 (11)
Chronic myeloid leukemia Q42 [0) 042 {01 1/53 (2)
Myelodysplastic syndrome 2 2 40} /34 [27)
Other hematological diseases i/4 [25) 1/4 {25) A/54 [T
Last hematological therapy prior to COVID-19, n (%)
Anti-C020 monacional antibody 4/38 {14) 328 (11) MO
Induction/reinduction of AL 35 (&) 175 {20} . [B]
Autologows SCT 2/8 (25) 148 {13) MNE
Allogeneic SCT 076 0} 07t {01 ND
RO 171 (1000 10 ND
DRD 174 [25] 144 425) WD
Corticosteroids 2/4.(50) 144 {25) M
BV-CHP 171 (100} 041 {0} ND
NTD 172 (50 042 10) MO
Another chemotherapy 0715 (] 0/15 (0) WD
Nane 014 (0] 0414 [0) ND
Mumber of days between last hematological 11: 17 [0-9E) M

therapy and COVID-19 diagnosis in patients with
progression, median; mean [range)

Abbreviations: AL acute leukemnia; BY-CHP, Brentuximab Vedotin + Cyclophosphamide + Doxorubicin + Prednisone; COVID-1%9, coronavirus discase
201%; CP, convalescent plasma; DRD, Daratumumab + Rewvlimid + Dexamethasone; ND. not done: NmAbs, newstralizing monochonal antibodies: RD,
Revlimid + Dexamethasore; SCT, stem cell transplantation; VT, Bortezomib + Thalidomide + Dexamethasone.

patients treated with bamlanivimab were published”® In both
studies, no patient experienced progression of symptoms or required
haspitalization owing to COVID-19,

Cancerning hematological patlents, no extensive cohart studies
of COVID-19 positive hematological patients treated with Nmabs
have been published. & single-center experience of 42 cancer pa-
tients In total has been described (76% with hematological mafig-
nancy) where mild to moderate COVID-19 was treated with either
bamlanivimab (83%) or casirivimab/imdevimab {17%)." The median
time to Wmdh infusion - 5 days from symptom onset - was longer
than in our study, Only 12% of these patients had COVID-19 dete-
rioration requiring hospitalization - all after bamlanivimab - from

which one died (2%). Similarly by comparison, in our study only 17%
of cases progressed to severe/critical COVID-1% - numerically mare
frequently in the bamlanivimah versus casirivimab/imdevimab [21%
ws, 8% p = 0.215). Analogous to published data, the highest rates of
COVID-19 progression to a severe/critical degree and death were
recorded with myeloma, lymphoma, AL, chronic lymphocytic leuke-
mia, and in patients treated with anti-CD20 maenoclonal antibody,
inductiondreinduction of AL, and autalogeus SCT, respectively
{Table 2)."" Patients with progression of COVID-19 to severe/critical
grade compared with patients without progression recelved their last
oncology treatment at a numerically vet not significantly shorter
median of 11 versus 21 days {p = 0.142). Furthermare, 80% of our
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baseline asymptomatic patients remained asymptomatic throughout
follow-up, Qur cohart's COVID-19 symptoms median duration was
only 2.5 days followlng Nmabs treatment.

Analogous to Puing's study, all deaths in our cohort ooccurred after
bamlanivimab infusion {p = 0058}, All seven patient fatalities attrib-
uted to COVID-1% had either concomitant advanced hematologlieal
malignancy. numerous severes comorbidities, or received treatment
prior to COVID-1% with 3 profound and long-lasting immunasup-
pressive effect as indicated in Table 51. The control cohort of SARS-
CoV-2 positive hematology patients without specific COVID-19
treatment managed by participating centers exhibited a significantly
higher COVID-19-related death rate than our analyzed “remdesivir/
CP-naive” cohort of NmAbs-treated patients (16% vs, 6%, p = 0.020;
Table 2). The highest mortality in the control cohort of patients with
lymiphoma, AL high-risk myelodysplastic syndrome, multiple myeloma,
and chronic lymphocytic leukemia correlated with published data™®

Significantly, among the 34% of our cohort patients becoming
infected with COVID-1% folowing vaccination, only 5% were infec-
ted after their second dose, Monetheless, the median time between
the first dose of vaccing and COVID-19 symptom anset was only
15 days among the single-dose group. Anti-SARS-CaV-2 vaccination
before COVID-19 diagnosis had no effect an the course of infection
after Nmabs administration; proportion of vaccinated wersus wun-
vaccinated patients was similar in both A/MI and Mo/S/C groups
(35% vs. 29%, p = 0431 with a longer median time from the first
dase in the Mo/S/C group (21 vs, 14 days), respectively. In addition,
antibody testing for determining SARS-CoV-2 serostatus was not
undertaken before the COVID-19 diagnosis.

Unfortunately, SARS-CoV-2 variants are emerging with potential
to reduce NmaAbs efficacy, Extensive recent analysis has detailed
efficacy against many variants of infection with low prophylactic
doses of NmAbs in animal models, without the development of
resistance, albeit with the exception of bamlanivimab monaotherapy
and bamlanivimab/etesevimab combination therapy,” Therefore,
bamlanivimab monotherapy was no longer permitted during the time
of Delta variant predominance. Although all patients had not been
genotyped at the time of our study, the Alpha variant prevailed in the
Czech  Republic with  potentially preserved  susceptibility to
bamlanivimab.

Chur skudy's major strength is its focus on a uniform robuast multl-
center cobort comprised of hematological patients compared to a
contral cohert without any COVID- 1% specific treatment. Study con-
straints concern the reguiatory authorization for administration of
only the lowest dose of bamlanivimab with a lower afficacy.

5 | CONCLUSIONS

Patients with hematological malignancies are at high risk for severe
and life-threatening COVID-1% exposure. Based on our analysis
results, early-administered anti-SARS-CoV-2 spike protein mono-
clonal neutralizing antibodies appear to be safe and effective in
alleviating infection course and improving prognosis  among

hematological patients with early-stage COVID-1%. COVID-19-
related mortality was substantially 3-fold lower compared to the
controd cobort of COVID-1% untreated hematological patients and
was notably associated with advanced hematological disease and
comorbidities. Our results should validate the enhanced effect of a
casitivimab/imdevimab  combinastion compared to bamlanivimab
monatherapy.

KEYWORDS

anti-SARS-CoV-2 monoclonal neutralizing antibodies, bamianivirmab,
casirivimab, COVID- 19, hematological malignancy, imdevimab, SARS-
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- Abstract

Background: Patients with hematological malignancies (HM) are at high nisk of mortality from SARS-CoV-2 disease
29 (COVD-19). A better understanding of nisk factors for adverse outcomes may improve clinical management

in these patients, We therefore studied baseline characteristics of HM patients developing COVID-19 and analyzed
predictors of mortality,

Methods: The survey was supported by the Scientific Working Group Infection in Hematology of the Eurcpean
Hermatalogy Association (EHA). Eligible for the analysis were adult patients with HM and laboratory-confirmed COVID-
19 observed between March and Decernber 2020,

Results; The study sample includes 3801 cases, represented by ymphoproliferative (mainly non-Hodgkin ymphomna
= 1084, myeloma n= 684 and chronic lymphoid leukemia n=474) and myeloproliferative malignancies {mainly
acute myeloid leukemia n=497 and myelodysplastic syndromes n=279), Severe/critical COMID-19 was observed

in 63.8% of patients (n=2425). Overall, 2778 (73.1%) of the patients were hospitalized, 589 {18.1%) of wharn were
admitted to intensive care units (ICUs), Overall, 1185 patients (31.2%) died. The primary cause of death was COVID-
19in 688 patients (58.1%), HM in 173 patients (14.8%), and a combination of both COVID-19 and progressing HM in
155 patients 113.1%). Highest mortality was observed in acute myeloid leukernia (199/497, 40%) and myelodysplastic
syndromes (1187279, 42.3%). The mortality rate significantly decreased between the first COVID-19wave (March-May
20200 andd the second wave (October-December 20200 (5811427, 40.7% va 4391 773, 24 8%, povalue < 00001, In the
multivariable analysis, age, active malignancy, chronle cardiac disease, liver disease, renal impalrment, srmoking history,
and ICL stay comelated with martality. Acute myelaid leukernia was a higher martaliny risk than lvmphaopraliferative
diseases.

Conclusions: This survey canfirms that COVID-19 patients with HM are at high risk of lethal complications. However,

Background

Corenavirus disease 19 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was declared a pandemic by the World Health Organi-
zation (WHO) in March 2020 [1]. During that year
COWVID-19 spread worldwide, causing over 1.5 million
deaths. Patients with hematological malignancies (HM)
are considered at high risk of developing severe and life-
threatening infections, because of immune deficiency
and immunosuppressive treatments. Severe infections
in HM patients can determine a worsening of the clini-
cal outcome, potentially affecting life expectancy. SARS-
CoV-2 affects HM patients disproportionally, leading
often to severe COVID-19 with a high mortality rate [2].
So far, various reports have been published on COVID-
19 HM patients, but in most cases on small patient
cohorts [3-8], specific HM [9-12], or larger reports from
single countries [13—16]. In June 2021, an ongoing world-
wide registry of the American Society of Hematology
{ASH) reported a total of 1013 cases of COVID-19 infec-
tions in HM [17]. Altogether, these data show a signifi-
cant mortality rate, ranging between 13.8 and 39%, and
highlighting the major relevance of COVID-19 manage-
ment in this frail patient population [3-17]. Advanced
disease, one or more co-morbidities, older age, type of

improved COVID-19 prevention has reduced mortality despite an increase in the number of reported cases.
Keywords: COVID-12 Pandemic, Hematological malignancies, Epidernialogy, EHA

mxlignam:}'. in parﬂcular acute m}'elm'd leukermia (AML),
and several laboratory parameters, for example high
C-reactive protein, lymphopenia, and neutropenia, were
found to be risk factors for COVID-19 in HM patients
[14-16]. A possible role of some antineoplastic drugs has
been reported to be protective in patients with myelopro-
liferative disorders [18, 19], Despite the current spread
of vaccination programs among HM patients in several
countries, the future trajectory of this pandemic seems
still to be uncertain. Collecting further data and gaining
a better knowledge about COVID-19 in HM is therefore
relevant for hematologists around the world.

The EFICOVIDEHA, Epidemiology of COVID-19 Infec-
tion in Patients with Hematological Malignancies: A Euro-
pean Hematology Association Survey, multinational project
aimed to collect COVID-19 cases ccowrring in HM patients
in 2020, and was performed on behalf of the Scientific
Working Group Infection in Hematology of the European
Hematology Association (EHA). The objective was to assess
epidemiology and cutcomes of COVID-19 in HM patients.

Methods

Study design and patients

EPICOVIDEHA is an international open web-based reg-
istry for patients with HM infected with SARS-CoV-2
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* The EHA-IDWP

Introduction

Since it was first reported i China, coronavirus disease 2019 (COVID-19) has spread rapidly arcund

developed an
ohservational registry
collecting data on
COVID-18 infection in
patients who received
CAR T-cell therapy.

* Prevalence of COMD-18
was 4.8%, and overall
mortaity was 50%,
highlightng the need for
prevention of infection in
these patents.

the world, and the number of cases has increased E:lq:\:)marl.lilaJl:’l_1 Instial reports sugnested that patents
with cancer have an estmated twofold increasad risk of contracting severe acute respiratory syndrome
coronavius 2 (SARS-CoV-2) compared with the general population.” More importantly, it is expected
that COMID-19 will be particutarly fe threatening n patients with hematological mabgnancies because of
their immune dysfunction, Recent studies have reported an overall COVID-19-related mortality of 29%
10 4297 in patients with hematological disease, depending on the type of malignancy, in contrast to
the 2% 1o 7% observed in the general population. Regrattably, there remains a lack of studies about
COVID-19 in patients receiving cellular therapies, including chimeric antigen receptor (CAR} T calls®1°
CAR T cells are genatically modified autologous T calls, which have shown great promise in the treat-
ment of advanced malignant hematolegical disorders, mcluding non-Hodgkin lymphoma, acute lympho-
blastic lzukemia, and multiple myeloma.'’ CAR T-cefl recipients have significant B-oell aplasia requiing
immunoglobuln G replacement therapy and may also develop delayed cytopenias, leaving them unable
o mount ary humaral response to vikal irfections,’® Shah et al'® demaonstrated that the seroconversion
rate in a small cohort of patients treated with hemopoietic stem cell transplantation (HSCT) and CAR
T-cefl therapy did notl exceed 68%,

Submitted 26 June 2031; sccepied 24 Oclober 3021; prepublished orfine on Blood
Advances Fral Editlon 8 November 2021, final version publshed onlne 11 Apnl 2022,
DO 191 1B2/bladadvances 2021 00561 6.

"AB. and 156G, coninbuted squally fo this study,

Raquests for data sharng may be submitted to Alessandrg Busca
labusca@ciltadefasalule 1a.l).
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COVID-19 in vaccinated adult patients with

hematological malignancies: preliminary results
from EPICOVIDEHA
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Coronawrus disease 2015 {COVID-19) is a lfe-threatenng condition
of high relevance for comorbid patients, such as those with baseline
hematological maligrancies (HM).' In Agrl 2020, the European
Hematology Assoostion - Infectious Diseases Working Party
opened an open web-based regstry to collect all cases of HM adult
patients that developed COVID-1% infections [EPICOMIDEHA sur-
uey:l." This registry aimed o describe the epidemiclogy, risk factars,
and martality rates of HM patients, Overall, we collected 3801 valid
casas, and wa observed an overall mortality rate of 31%.2

Mearly 1 year after the first desoribed COVID-1% case, in December
2020, the first vacones against the severa acute resperatory syn-
drome coronavine 2 [SARS-Cov-2) were a\-aﬁahle,s'? and adminis-
tration to the highest dsk populations including HM  patients
started. ™ From 1 January 2021, we prospectively collected registry
data on adult fully or partially vaccinated HM patients that devel-
oped COVIC-19 to assess the vacone efficacy and potentially

1588 @ hlood” 10 MARCH 2027 | MOLUME 139, NUMBER 10

dentity categones of patierts that may be less protected by vac-
cines. With this report, we share our findings of the first 113 patienis
ncluded in the registry

EPICOMIDEHA survey has been approved centrally by the Insti-
tutioral Review Board and Ethics Committee of Fondazione Poli-
chinico Universitario A, Gemalll - IRCCS - Unwersita Cattolica
de! Sacre Cuore (Rome, haly) and by the respective local part-
ners as approprate, EFICOVIDEHA has been registered  at
wnw.clinicaltrials.gov with the identifier NCT04733729.% From 1
January 2021 until 31 Decernber 2021, all participating nstitu-
tions document episodes of COVID-19 in thair patients with
baseline HM that received & vaccination against SARS-Col-2,
Drata are collected wia the EFICOVIDEHA electronic case repont
form, available at www.chnicalsurveys.net. This online survey is
provided by Enterprise Feedback Suite Fall 2018 (Questback,
Cologne, Germany). Clinical and epidemiclogical data from

W) Check for updates
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5. Conclusions and Perspectives

This habilitation thesis represented in the form of an annotated set of publications reflects the
aspirant‘s more than 15 years of scientific experience in the field of infectious complications
among immunocompromised patients. Focus is on opportunistic pathogens, specifically
invasive fungal diseases, and, most recently, the pandemic SARS-CoV-2 infection.
Habilitation thesis provisions assuage all set goals with fundamental contributions to diagnostic
and treatment optimization of infectious complications in patients with hematological
malignancies both at the national and international levels. Quality data and analyzes were based
on the sophisticated FIND database prescribed for IFD cases coordinated by the applicant
within Czech and Slovak hematology centers. Based on our data, the importance of both fungal
cell wall antigen determination - galactomannan and 1,3-beta-D-glucan - and fungal nucleic
acids using PCR methods in serum, BAL fluid, and other body materials for IFD diagnostics
was evaluated among factors influencing test performance. Moreover, new methodological
procedures have been introduced into routine clinical practice in the field of IFD molecular
biological diagnostics. Achievements were embodied by a number of publications within
impact journals. Recent COVID-19 pandemic issues and related comprehensive assessment
concerning hematological patients, including clinical course and treatment effectiveness, were

analogously published in prestigious impact journals.

Infections, concurrently with progressive hematological malignancy, are the principal causes
of mortality among hematological patients. Consequently, systematic collection of robust data
with applicable timely analysis epitomizes an inviolable cornerstone for optimizing care and
improving the prognosis of hematological patients to whom the aspirant, through her scientific

endeavors, continuously devotes herself.
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5.1. Habilitation Thesis Conclusions at Key Points

1,3-beta-D-glucan in Invasive Fungal Disease

1,3-beta-D-glucan is exposed to low PPV from both BAL and serum fluid in IPA prediction,

owing to the high rate of false positive results within the environment’s ubiquitous marker.

Neither the combination of both materials nor our new optimal cut-off, led to a significant test
quality improvement for IPA prediction. Higher absolute neutrophil counts at the time of BAL
and higher aspirated BAL fluid volume significantly reduced BDG assay performance. Other
factors (current colonization or bacterial or Candida sp. respiratory tract infection or
colonization, antifungal treatment) did not have a significant effect. The BDG test in predicting

probable and proven IPA did not exceed the GM test quality.

High negative predictive value predetermines the BDG test as a serum screening method for

IFD.

Galactomannan in Invasive Fungal Disease
Galactomannan, in contrast to 1,3-beta-D-glucan, is the gold standard for IA diagnosis.

However, test quality with predicting IA may be hampered by false positives (eg concomitant
treatment with beta-lactam antibiotics, Plazmalyte infusion solution). Conversely, we have not

demonstrated current mucositis as a possible cause of false positivity.

Significant factors affecting the quality of the GM BAL fluid and serum test in the prediction

of IPA were neutropenia, antifungal therapy, and aspirated BAL volume.

PCR Methods in Invasive Fungal Disease

At our workplace, we introduced the PCR method with subsequent high-resolution melting
analysis for rapid detection of invasive mucormycosis, which is otherwise difficult to diagnose

in clinical practice.
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To detect a wide range of IFD, a panfungal PCR procedure followed by high-resolution melting
curve analysis has been incorporated into real clinical practice, which can consequently

distinguish infection from colonization or contamination.

Current antifungal treatment did not affect the SEN of the PCR test, contrary to the described
GM test effect.

COVID-19 Among General Population

To effectively control the spread of SARS-CoV-2 infection among the general population
during Czech Republic’s first wave of the COVID-19 pandemic, the need for routine
telemonitoring was acknowledged with the aim of early complication detection, intensifying
general education, and, significantly, focusing awareness on necessity to complying with

effective government quarantine regulations.

COVID-19 Among Hematological Patients

Patients with hematological malignancies (particularly AML, patients after ALO-HSCT, and
those treated with anti-CD20 monoclonal antibodies) are confirmed to be a high-risk group for

severe COVID-19 development.

Early combination treatment with remdesivir and convalescent plasma resulted in COVID-19
course alleviating and low mortality among hematologic patients regardless of baseline
pneumonia. Similarly, early administration of bamlanivimab or casirivimab / imdevimab led to
both decreases in COVID-19 severity and mortality among patients with hematological
malignancies in the Czech Republic. Studies were undertaken during the period before the

Omicron variant emergence.
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In this work, certain candidate articles are provided for an overview "in extenso", and some
only in the form of a first page and an abstract as a part of Habilitation Thesis, while "in extenso"

are listed in this separate book: Appendices "In Extenso"” to Habilitation Thesis.
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Létha infekel u nemocnjch s malignimi chorobami

Tab. 28.18. Nejviznamnéisi viry mucastnénd v etiologil infekénich kamplikacl u ankologickych pacienti

«  herpes sirnpiex 2 (HHYV-2) [H3V-2)

» varicella-poster virus (HHY-3) (VZV)
Beta-herpesviry:

« gytomegalovires (HHY-3)

+ [lidsky herpesvires & (HHY-6)

+ [iglsky herpesvirus 7 (HHY-7]
Goma-herpesviry:

+ virus Epsteina-Barmove (HHY-4) (EBY]
+ licsky her pesvirus 8 {HHV-8]

Harpesviry (HHV - human herpes viruses) Ostatni viry
Alfa-herpesviry: Adenoviry
« herpes simplex 7 (HHV-1) (HEW-1) Respirocni viry:

= respiradnd syncitialni virus
= virus influanzy

= wirus paralnflsenzy

®  TImviTUS

Polyarmaviny:

s B wirus

o JCwirus

Bti alergii na co-trimoxazol lee poudii penta-
midin v inhalaéni formé 300mg jedenkrdt za 3-4
tydoy, dapson poo, 1040 mp/den a nebo atovaguone
750my 2% dennd,

Profylaxe se podivi u rizgikovich nemocnych po
dobu trini lpmippenie (predeviim CD4 lymfocy-
thh a daltich rizikovich faktord (kortikosteroidy,
stay po alogennl transplantaci krvetvorné thing,
GvHD).

‘Terapie pnenmocystovd preumenie: vhodmmi
chemoterapeutiky jsou vysokodivkovany trime-
thoprim-salfamethoxazol i.v. 90-120 mg/ky/den
(trimethaprim 15-20 mg/kgiden a sulfamethoxazol
75-100 myfkgsden). Délka léchy je 21 dnl @ na in-
travendzni [é&hu je pak vhodné navdeat podivinim
nizdl diviey perorilni formy pfipravko po dobu dal-
dich dvou tpdni

Je-li piitommna celkowd respiraéni insuficienc
[Pa, < 70mm Hg), je indikovino soutasné podini
methylprednisolonu p.o. v divee prvnich 5 dnd 2x
Al mg, druhych 5 dnd 1x 40mg a nasledné 20 mg
do 21. dne.

Pii alergii na co-trimoxazol lze poudit paren-
terilni pentamidin Lv. 4 mg'kg 1% denng, nebo
kombinaci klindamycinu 600-900 mg i.v. 3x denné
5 primachinem p.o. 15 mg 2x denné. U kehdich fo-
rem lze zvolit atovachon p.o. 750 mg 3 denné.

28.6. Virové infekce

Virové infekee jsou Sastou komplikacl onkologic-
lpch onemocnini. PRitinou je poruchs imunity, na-

Tab, 28,19, Létha nejwyenamndiich virovich infekd u onkologickich pacienti

Infekce Onemocnéni Létha
wywoland viram
HEY-142 [okalizovand [herpes labialls, genitalis) | aciklovie 200-400mg po. 5x @
crgdnave postibent (encefalitida, aciklovir Ly, 10 maikg 3n D
epatitidal
Vv hokalizované [pasovy opar) aciklovir 400 mg poo. Sx [
zévadnifsi faemy - aciklonir v, 10 mg/kg 3x D
generalizovans [generalizovany zoster, | arikbovir iv. 10 mgikg 3x 0, event ganciklavir i,
hapatitidal 5 mgdkg 2x 0 nebo foskamet Ly, 60 modog 320
ChV praemplivnl léba ganciklovit Lv. 5 matkg 2x 0 nebo feskamet Ly,
&0 mgihg 3z D
IéEba CMY choraby ganciklowir v, § mg/kg 2x D nebofoskamet Ly,
&0 mgrky 3x D+ WG nebo CAMY-Ig
HHV-6 porucha uchyceni Wépu, pancytopenis, | ganciklevir v, 5 mgfkg 24 © nebo foskamet iv,
ancefalifida 60 maghg 320
EBV PTLO {patransplantadni snigen| imunosuprese. anti-C020, DL, cytostatika
[ymioproliferativil charokba)
Adenoviry preumonie, systEmove postibeni cidofovir Ly nebo rbavinin Ly
Respiracni wiry | respiradni syncitiding vines ribawirin ink, nebo dbavirn beevent. + WIG nebo BS-g
vinus influenzy oealtamivir inh., zanamivir inh.
wings parainfiyenzy, rindvines ribawirin inh. nebo ribavirin Lv.
BK wirus zivasnd hematudie cldofovir Lv.
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Obeend onkologie

vorgend bud nddorovim onemocnénim samatnym,
nebo protinddorovon léchou

Hlawmi dlohn v cbrand proti vivowm Infekcim
hraje imwnita xprosthedkovand T-lymfocyty. Proto
stavy, kreré vedou k jejima podkozend, jsou spojeny
5 rizikem il virovych infeked

Nejéastéfi se s vieovimi infebocermi mikeme setbat
u hematoonkologickych pacientiy, a to pfedeviim
u nemocnich po transplantaci krvetvornych bunék,
zejména alugennich, Zde mohou virové infekee ne-
#fidka kondit letilné.

Virowe infekce u onkologickych nemocnych ma-
i-urru.' rozdélit na dve skupiny (tab. 28.18.):

infekce vyvolané herpesviry, které jsoun zdaleka

nepéastdidi. Spoletnou charakieristibou herpesyi-

tlh Je vysokd promofenost v populaci, venik la-
tenini infekee po primoinfeke a 7 toho vypliva-
jici modnost endogenni realitivace viru v obdobi
inmuanodehcitu

* infekce viveland ostatmimi (ncherpetickymi)
wiry; kiere jsou méne Casté,

Pokud se tyto infickce podafi disgnostikovat, je
nulng evizil odpovidajici leébu, kterou struéné she-
nujeme pro studenty (tab, 28.19.). Znalost tbchio
antivirotik viak nebude predmétem zkousky ¢ on-
kologie,
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Tab. 28.16. Antimyxotika. a Jejich ainnast In vitre

Amfotericln | Flukonazol | trakonazol | Viorikonazol | Posskonazol | Echinckandiny | 5-flucytosin
Banjeho lkaspofungin,
liposomalni milkafungin,
Farmy anldulafungin)
Candfda + + + + + * *
albicars
Candida + = +i= + = + +
globrnte,
. kruisal
Asperglifis - - + + *+ + o
HPR
Iygoanycetes |+ = - 5 * = =
Mrcor spa.
Rhirapus spa)
Fusariuvm spp. |+ = = +- +f= = -
Crypiococcus |+ I} + + +- = +
PR

Diagniea  invazivnich mykotickych infekci je
Easto velice komplikovand a stanovi se na zdkladé
lombinace klinického vwietfeni, robrazovacich me-
tod, mikrobinlogického vydetren| (kultivadnd i ne-
kultivaénl metody) a/nebo histolagického vybatiend
n nemaocného s rzikovimi Bkiory.

Invaeivni mykotickou infekel pak miikeme ozna-
cit jako fistouw, pravdépodobnou nebo modnou, K-
tria shrouje tab, 28.15.

Terapie: tal, 28.16. 0 28,17, uvideji antimykotika
poudivand v 1&8bd mykotickych infekci u onkologie-
kych nemeenych a jejich spekira adinnost,

28.5. Pneumonie zplisobend

Pneumocystis jiroveci
{carinii)

Praumotystis firoveed je cularyolicky mikroorga-
nismus, klery byl ai v posledni dobé, po prostu-
dovani jeho genomu, @fazen med houby, ¥V roce
1999 byly lidské kmeny Prcuriogystis carfnil pre-
jmenoviny ne pocest Seského paraeitologa prof. Ji-
rovee nia Prewmecystis jiroveed, Je extracelularnim
paragitem, jehod vivajovy cyklus zahrnuje stadium
troficke a cysticke, PR infekci jevi viznamnou vaz-
bu na alveolirni epitelie, ptidems vypliuje alveoly,
anik by dodlo k bouilivé zinétlivé reakoi. Prenns
se ditje vzduinou ceston, je viak moiné, fe u do-
spélych jedined jde o reaktivac endogenni infek-
o, £ nif se vEding zdravych jedincd bex poruchy
imumity setkd jiE v détském viko, Priméarni infekce
probéhne bud asympiomaricky, nebo pod obrazem
lehké vespiméni infekee, takie do 1 let véku ji2 ma

velkd vétina det protilicky proti tomuto mikroor-
ganisimu,

Ide o trpickou oportunni infelet. Hlavnimi rizi-
kovymi faktory jsou alogenni transplantace krve-
tvorné thand, reakce $tépu protl hostiteli (GvHD),
kortlkoterapie a lymfopenie 5 inverznim pomérem
lymfocyti CDM+/CTB4, Zavedeni profylaxe trime-
thoprimem-sulfamethoxazolem  wigilo  incidendc
pricumecystovd preumaenie u nemocnych po trans-
plantaci krvetvornd thiné & pfibling 10 % na sou-
dasnon hodnoty 0,3-0,5%. Mortalit viak adstied
stdle velmi vysokd - ptblizng 30%.

Klinicky obraz dvé tfeting nemocnych mafi
fulminanimi zaddtek choroby & vysokou horedkou
a rychlym rozvojem dusnosti, tachyproe a téikeé hy-
paxémie, ostatni majl subakutni 2adatek s nlzkimi
teplotami, neproduktiviim kadlem @ pomalejiim
rozvoiem dudnosti po dobu i nékolika dnl. Nejias-
wjEimi klinickymi priznaky jsou dudnost (90%)
a teplota (85 %)

Disgnostika sc opird o kombinaci vide popsand-
ho klinsckého obrazu, nalezn atypické pneumonie
pfi klinickém vyietheni 0 obrazn na RTG snimku
hrudniku a nebo CT. PH provedend téchio zobrazo-
vacich metod se nejéastéfi setkdme s intersticidlnimi
plicnimi infilraty.

Definitived patvrzen! etiologle viek umodfiuje
pouze mikrobiologicke vySetfeni binlogického ma-
teridlu - imunofluorescence a PCR, kieré ma vyssi
senzitivitu, NejpiinosnéiSim materidlem |¢ telutina
ziskani bromchoalveoldrnd bva2l, Spetm a indulko-
wané sputum {sputum po inhalach mukoelytika neto
resetirlen WaCl) je ménd pHnosnd,

Profylaxe pneomocystovd infekee: vhodnfmi
chemoterapentiky jsou  trimethoprim-sulfame-
thoxazol p.o. 480 mg 1x denné ncbo 960 mg 3x
tydné,
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Tab. 2B.17. Informace o léché nejtastéjiich farem mykotickych infakel u onkologlckych nemocnych

Typ infekee IL&L':dllrf LLéle 1. volby |mﬂupudiuinj Ian&mky
Kandidowé infakea
Orofaryngedlnd | Nukonazal thl nebo solece | itrakonazol soluce pao. =14 dini po
kandiddza p.c. 100-200 mgfden 200 mosden Klinickém zlepdenl
Kandidowd fiukonazol thl nebo soluce | amfatericin 81w, 14-21 dni po
ezafagitida puinebo by 100-200 mgd | 0,3-0,7 mogikg/den, klinickem zlepseni
den, irakonapod soluce kaspodungin L.y 50 mgrden,
0. 200 mg/den varikenazal pofiv.
4 mgkg 2x D
Kardsdémie amfotericin B W 06-10 | varikonazol Lv. pak p.o. 74 dni pa odstranit viechmy
bez modkg/den, flukonazol | 4 megikg 2D poshedind pesithinl | Zilad katdtry
neutropenie I, 4D0=B00 mg/der, henmoku uie
kaspofungin 50 mo/den, a ukonleni
mikafungin 104 mgiden, klinickych piiznaki
anldiulafurigin 100 mig/den
Kandidémia amfotericin B kv Mukonazol 400-800 mofden | 14 dnd po adstrandni Hinich
snecutropenii | 0.7-1,0 mgikgiden, posednl pozitivnl | katérd nend
kaspofungin 50 mg/den, hermokultife, Imperativem
mikafungin 100 mg/den, whpndeni klin {zdrojemn £asto
ansdulafungin 100 mg/ piiznakia ukondeni | GIT)
den neutropenie
Kendidémiz amfotericin B Ly, vorikonazol iy, pak pa wi kandidémie
Zpiksober 0.7-1.0madkgliden, Amglkg 2x D u pacientd
C. plabmta kaspofungin 50 mg/den, 5 neutropend nebo
& L. krusei mikafungin 100 mg/den, baz newtropenis
anddulafungin 100 mo'den
Aspergilove infelce
Aspergibom chirurgicks kdba
Imvazivni i lkanazol iv. kaspofungin Ly, 59 mg/ dlouhodobé
asperglléza pakp.o. 4 mghkg 2D dien, liposamiin formy
amfotericinu B iv.
3-5 ma/ko/den,
kembinace echinokandinu
s vartkonareabern,
posskonzzad 300 ma/dan
Mukormykoza a ostatni zygomykazy
Imvaziveni forma | liposomalni forrmy posakomazol 300 mog/den cilouhodo b u lokallzovanych
amfotericinu B P farem je
3-5 my/leg/den doparudens
e, vysil smistasnd
nanvic provest
chirungickou
resekei bokiska
Fusérioza
Invazivni forma | liposomalal formy vorikonazol Ly, pak pao. diouhadabi
ambotericing B 4 mgikg 25 D
3-5mgknsden
avent. vyisi
Kryptokokova infekce
Irwazhnl forma | amiotericin B i, amfotericin B Lv. calkem minimalng | nasleduje
0.7-1 mgrkgden 0.7-1 mg/kgiden iy, 12 tydnds dicuhadobi
+ E-flucytosin Ly, + 5 Aucytosin iy, pocivin
100 mg/kg/den 2 tidny, | 100 mgvkg/dan po celou fhukonazaku
pak flukenazo! dobs by, worikonazod Ly 200 mygfden
A00 mgden P pak puo. 4 mgfsgiden =12 midaicil
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Létha infekel u nemocnjch s malignimi chorobami

Tab. 28.18. Nejviznamnéisi viry mucastnénd v etiologil infekénich kamplikacl u ankologickych pacienti

«  herpes sirnpiex 2 (HHYV-2) [H3V-2)

» varicella-poster virus (HHY-3) (VZV)
Beta-herpesviry:

« gytomegalovires (HHY-3)

+ [lidsky herpesvires & (HHY-6)

+ [iglsky herpesvirus 7 (HHY-7]
Goma-herpesviry:

+ virus Epsteina-Barmove (HHY-4) (EBY]
+ licsky her pesvirus 8 {HHV-8]

Harpesviry (HHV - human herpes viruses) Ostatni viry
Alfa-herpesviry: Adenoviry
« herpes simplex 7 (HHV-1) (HEW-1) Respirocni viry:

= respiradnd syncitialni virus
= virus influanzy

= wirus paralnflsenzy

®  TImviTUS

Polyarmaviny:

s B wirus

o JCwirus

Bti alergii na co-trimoxazol lee poudii penta-
midin v inhalaéni formé 300mg jedenkrdt za 3-4
tydoy, dapson poo, 1040 mp/den a nebo atovaguone
750my 2% dennd,

Profylaxe se podivi u rizgikovich nemocnych po
dobu trini lpmippenie (predeviim CD4 lymfocy-
thh a daltich rizikovich faktord (kortikosteroidy,
stay po alogennl transplantaci krvetvorné thing,
GvHD).

‘Terapie pnenmocystovd preumenie: vhodmmi
chemoterapeutiky jsou vysokodivkovany trime-
thoprim-salfamethoxazol i.v. 90-120 mg/ky/den
(trimethaprim 15-20 mg/kgiden a sulfamethoxazol
75-100 myfkgsden). Délka léchy je 21 dnl @ na in-
travendzni [é&hu je pak vhodné navdeat podivinim
nizdl diviey perorilni formy pfipravko po dobu dal-
dich dvou tpdni

Je-li piitommna celkowd respiraéni insuficienc
[Pa, < 70mm Hg), je indikovino soutasné podini
methylprednisolonu p.o. v divee prvnich 5 dnd 2x
Al mg, druhych 5 dnd 1x 40mg a nasledné 20 mg
do 21. dne.

Pii alergii na co-trimoxazol lze poudit paren-
terilni pentamidin Lv. 4 mg'kg 1% denng, nebo
kombinaci klindamycinu 600-900 mg i.v. 3x denné
5 primachinem p.o. 15 mg 2x denné. U kehdich fo-
rem lze zvolit atovachon p.o. 750 mg 3 denné.

28.6. Virové infekce

Virové infekee jsou Sastou komplikacl onkologic-
lpch onemocnini. PRitinou je poruchs imunity, na-

Tab, 28,19, Létha nejwyenamndiich virovich infekd u onkologickich pacienti

Infekce Onemocnéni Létha
wywoland viram
HEY-142 [okalizovand [herpes labialls, genitalis) | aciklovie 200-400mg po. 5x @
crgdnave postibent (encefalitida, aciklovir Ly, 10 maikg 3n D
epatitidal
Vv hokalizované [pasovy opar) aciklovir 400 mg poo. Sx [
zévadnifsi faemy - aciklonir v, 10 mg/kg 3x D
generalizovans [generalizovany zoster, | arikbovir iv. 10 mgikg 3x 0, event ganciklavir i,
hapatitidal 5 mgdkg 2x 0 nebo foskamet Ly, 60 modog 320
ChV praemplivnl léba ganciklovit Lv. 5 matkg 2x 0 nebo feskamet Ly,
&0 mgihg 3z D
IéEba CMY choraby ganciklowir v, § mg/kg 2x D nebofoskamet Ly,
&0 mgrky 3x D+ WG nebo CAMY-Ig
HHV-6 porucha uchyceni Wépu, pancytopenis, | ganciklevir v, 5 mgfkg 24 © nebo foskamet iv,
ancefalifida 60 maghg 320
EBV PTLO {patransplantadni snigen| imunosuprese. anti-C020, DL, cytostatika
[ymioproliferativil charokba)
Adenoviry preumonie, systEmove postibeni cidofovir Ly nebo rbavinin Ly
Respiracni wiry | respiradni syncitiding vines ribawirin ink, nebo dbavirn beevent. + WIG nebo BS-g
vinus influenzy oealtamivir inh., zanamivir inh.
wings parainfiyenzy, rindvines ribawirin inh. nebo ribavirin Lv.
BK wirus zivasnd hematudie cldofovir Lv.
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Racil Z., Weinbergerova B., Kocmanova 1., Mayer J. Febrilni neutropenie. In: Adam Z., ed.

Obecnd onkologie. 1. vyd. Praha: Galén, 2011, s. 349-359. ISBN 978-80-726-2715-8.
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Tah, 28.7. Doporudent sicéenl klinicks vyZivy u kriticky nemocnych e sepsi
Amerlcka spoleénost pro parenteralnl a enberdlni vyEivi, ASPEN 1997

Sloika wyZlvy Doporulend dennd mnodstvi

energie 105-125 kl'kg ralesné hmaotnosti (25-30 keal/kg)

bilkaviny nebo sminokysefing 1,3-2,0 g/kg télesné hmotnosti

nebilkovinnd energle ; 1gM 400-300 np-kJ ; 1gN 1100-75 np-keal ; Tghl}

sacharidy T0-65% nebilkovinnd erengie

-t-u.lcy 15=30% nebifkovinng anengle snizend mnodstvi n-& polynenasycanych
miastrych kyselin

np-kd - neproteinove kilnjouky; np-kesl - neprateinow kilokalorke

kriticky nemocnych, Nutriéni pedpora nemocnyeh
v sepsi je proto vicobecné piijata jako standardni
légebny postup,

V inicidlni fizi sepse v nbdobi obehové nestabi-
lity menl nuteiéni podpora pro nemocného zisadnd
a mivke ptedstavovat nedéelnou metabolickou zatéd,
Zahdjeni plné nutriéni podpory pHchdzi v uvahu ai
po dpravé keevitho tlaku a obnoveni tkifiové perfii-
ze, | potom viik u septickyfch nemocnych pozoruje-
me snifenou odpovéd na umélou klinickou viiva,
Davame prednost entecilnd vidive, & v piipadech,
kdy ji nelze pougit, podivame vikvu parenterdlni
[viz leap. VyZiva),

Zhsadni charakteristikou slofeni uméle: klinic-
ke wikivy nemocnych v sepsi je relativné omezeny
pitvod energie a vysoky piivod bilkovin {aming-
kyselin). Tednd se o stresovy pomér hlavnich #ivin,
kdy je na katdy gram pFijatého dusika dodédvino
relativigd mendl mnofstvl nebilkovinné energie
(300400 np-k]/ 1gN, prot obvyklému poméru 525
np-k]/1gN) (tab. 28.7). Cilem nutridni podpory
v inicialni fizi sepse jo co nejvice zhredit katabolis-
mus endogennich bilkovin, nikoli viak za kaidou
cenu vyrovmal bilanci energie & dustku,

Nadmérny privod energie v obidobi stresu phed-
stavisje metabolickou zitéd s vysokym rizikem kom-
plikact, zejména pfi parenterdini vyiivé, Zvlise
vysoky pHvod tukd ve Bz aktivity volnych forem
kysliku je rizikem veniku lipoperoxidace a daliihe
poskozeni thani. Metabalickou preménou nadby-
teené privadénych n-6 polyncnasyeenych mastngch
kyselin wenikd imunosupresivnl prostaglandin E2
¢ ndrdstemn viskytu infekfnich komplikacl, op®t
predeviim pri parenteralni vyivé.

Y pribéhu nutriéni podpory je nebytnd da-
stednd kontrola glykemického profilu u viech ne-
machirch nezdvisle na tom, zda majl diabetes, nebo
nikoli. Hyperglykémie pfindsl riziko narueni leu-
kocytarnich imunitnich funkes, coi je maine do-
kumentovat zhordenim fagocytiey. Intenzivnd lécha
imzulinem s ellein udrieni glykémie v rozmezl nor-
midlnich hodnot (4,4=6,1 mmolil} vede u leiticky
nemacnych pacientd k niisi morbidité 1 mortalité
prot tradifndmu pHstupu kontroly glykémie do

11 mmaol/L. Trochézi k viznamné reduloci septicloich
epizod, pridem? nemocnl 5 bakteriémil maji nizsl
mortalitu s ohrazem multiorgdnové dysfunkee.

Imunoglobuliny

Vyjimeénou indikaci pro intravendini poddni po-
bvvalentnich imunoglobuling se stdvagi pouze one-
maocnéni pravidelné provazend nickymi hiladinam:
funkénich protilitek, jako jsou mnohocetny mye-
lom a chronickd lymfatickd leukémie nebo i jiné
fymfoproliferativni choroby, V takovém piipadé je
pii veniku sepse 1é¢ba vivodnd u nemocnych se séro-
vou hladinou IgG pod 5 g/l 2 1o v substituénd dévee
04g nativol kompletnd molekuly imunoglobulinu
na kilogram télesné hmotnosti. U nemocnjeh se
sérovym monoklonalnim proteinem ve 1Hde IgG
odhadujeme nedostatek funkénich 1gG spite pod-
le nélezu nizkych hladin Iga & IgM. Leukocytdrni
ristavé faktory mehou bit pfinosem pouze pro ne-
mocté se sepsi pii nevtropenii.

Profylaxe viedové choroby gastroduodena
Obeené je dnes profylaxe siresovich viedi dopo-
rufena o keiticky nemocnych, u nich? vede k vy
ramnému snifend epizod krvicend. Velkou dast
nemocnjch sledovanych v klinickych studiich pfi-
tom tvafi pacienti v sepsi, Rizikovou podskupinon
jsou piedeviim nemocnl s umélou plicni ventilac,
s dlouhedobou hypotenzi a pacienti s koagulopatii.
Standardné jsou dnes poutivany inhibitory proto-
nové pumpy, Neadd se, de by eviSen Zaludedniho
pH pledstavovalo vySi riziko mikrobidlnd koloniza-
ce Hiludku a ndsledne komplikujicl preamonie.

28.3, Febrilni neutropenie

28.3.1. Definice

Neutropenie - pokles neutrofilnich pgrapelocytd
pod 0,5 - 101 nebo pokles neutrofilnich granulocy-
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tl pod 1,0 - 10° 8 piedpokladanym poldesem pod
0,5 10%1 v masledujicich dnech,

Mirnd nentropenie - podet neutrofild < 1.0
1071,

Stiedné zdvaind neutropenie - pofel neutrofild
<05 1071

Velmi rdvaind neutropenie - pocet neutrofili
<0, - 10%1

Harecka

Haoredka v ramel definice febrilnd neutropenie zna-
meni;

* jednorazeve paméfenou teplotu prevyiuilci

3,5 °C
« eplotu vyidi ned 38 °C, pletrvivajici déle nek

1 h
* vgestup reploty na nejméné 38 “C dvakrat béhem

24 h,

Hodnoty jsou uvedeny pro méfent v azxilarnd jam-
ce. V anglosaske literatufe jo za horeckn povadovi-
na télesnd teplota vydii ne® 38,3 °C méfena v duting
tstni pod jucyken.

Febrilni nentropenie. Jakékoliv spajeni horedky
s neutropendl oznadujeme jako febrilni neatropenii,
i kdy# harecka nemusi byt vidy zplsobena infekel.
Termin febrilni neutropenie je popisny mazev pro
fivot ohrodujici komplikaci, kierd vyfaduje okami-
té zaluijent Glinné antihioticke lédhy, ber vykivini
vysledkd kolttvadnich vyietient

Rezdéleni horeéky podle drovné

priikazu infekce

Uvedené rozdéleni md vienam fuk pro kdinicke stu-
die, tak i pro praxi

Horecka nezndmého pdvodu

Horetka nezndmého plvodu {fever of unknown
origir) je nové venikli horecka ber jasnych klinic-
keych, zobrazovacich & mikrobiologickych prikaza
infekéni choraby. Popis postupu u pacient s hored-
kou nezmaméeho povedu pfi neutropendi je uveden
v podkapitole o febrilnd neutropenii. Pro studenty je
dostadujici, kdy? si uvédomi, #e v pfipadé prokiza-
né infekee se lécha 1 od postupl pfi léché horecky
nezndmého pivadu provarejicl neutropenil.

Prokazané infekce

Termin klinicky prokizand infokee (clinfcaly dovi-
mented ifection) oznatuje sitwaci, kdy je horeka
piitomna u pacienta s jednoznadoyny diagnostic-
kyrn ndlezem potvrzujicim infek, jejiz mikrobiolo-
gicky plivod viak nebyl 2jiftén nebo neni piislupny
vyietfeni. Jako pHklad uvedeme horecku s RTG 4
CT néilezem preumenie, horetku & nilezem osteo-
myyelitidy & spondylodiscitidy na rentgenovém £i

ME zobrazend, prijmové onemocnéni nebo zjevny
leoni zinét

Pro nékteré klinicky prokizané infekce je dopo-
rudens lé¢ha odlifnd (jak = hlediska volby antibiotik,
tak déliy jejich podivin() od postupd pii febriln
neutropenti s horedkou nezndmého plvodu. Pro 1
kafe ¥ prasi uvidime doporudent pro lechu katdtro-
viét horedky, lédbu plicnich nfiltréti a neutropeniclé
enterokolity aj, v samostatoych kapitolich Knihy
Dingnostické a lecebné postupy w malignich chorob
[2004) a Ofacnd onkologie a podpirnd lidha (2003).

Termin mikrobiologicky prokizand infekce
{ microbinlogicaly documented infection) oznacuje si-
tuac, kdy je mikrobiologickim vydetfenim identifi-
kowvin pivodee horecky, a to odbérens bud e lodiska
infekee, nebo pii nelokalizovane infeka = hemokul-
tury. Definice presnd specifikuje, kdy lze pavadovat
mikrobiologicky nilez a signifikantnd a kdy by se
mohlo jednat o kontaminaci & fyziologickou fdm,
takde jsou nutné opakovand rhchyty stejného mik-
raba pro jeho prohlaseni za signifikanini patogen
{podrobné uvadéji citovang knihy),

Pra mikrobialogicky definovanou infekei pak lze
najit specifickd doporuéeni jak pro volbu antibioti-
ka, tak i pro déllu trvin( 1echy,

V ramel skript uvedeme v pdsledujiclch podka-
pitofich strufnd doporudeni pro léchu myloticled
preumocystove a vicove infekee.

Infekee u pacienta s neutropenii

bez horeky

B druhé strang mohou mit neliefi nentropenilti
nemocni piiznaky infekoe (napiiklad bolest biicha
nebo okall konedniku, bolestivé koni infiltrity, té?-
kow mukozitidu) i bez doprovodného aviSent tep-
loty. HoreZka miite chybét také pfi soucasne kché
kortikosteroidy. T tyto osoby by mély byt povaZovi.
ny 7a nemocne s aktivol infekei a mEly by byt ledeny
dle zisad pro febrilnd neutropenii.

28.3.2. Incidence

Cetnost 4 zivadnost infekénich komplikaci je wivisla
na hloubece nevtropenie a na délee neutroperickéhe
intervalu,

Incidence a zdvanest se zadind svylovat pfi po-
Klesu neutrofilt pod 1,0 - 1001 Frelvence infekcl
pak prudce pargstd pii poklesu poliu neutrafilil
0,5 - 1071 ma 0,1 - 1041 a nisi hodnoty. Stejnd tak
cetmost febrilni neutropenie narfista s prodiubujici
se délkeon neutropenie,

U pacienttt s téfkow nentropenil (s poétem lew-
kocytl pod 4,1 - 10°1), kterd Lrvd déde ned 10 dni, se
v #80% objev] horetka a také infekéni kemplikace.
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Tab., 28.8. Nejcastéli patogeny pfi febriind neutropend

Bakteria | Viry Kvasinky m plfsné
Gt! | Herpes simplex wirus 142 Candida spg.
staflokeky koaguliza negativil | Lidsky herpeticky wirus & Aspergilius spp
Stophylocoocus sureus | (HHVY-6) Fygomyceres (iucor spp.)
ENterococus P | Cytomegalavlms Fuisearfum spp.
viridugjici streptokoky | Respiradni viry Irespiracnd syn<itidini

Streplocorcus preumanion wirus, virus parainfluenzy, viry influenzy,

G- mdenowiry)

Escharichio colf

Ppuchomonms gemaginoso

Klebsiella spp.

Jiné enterobakiesie

U 50-60% newtropenickych pacient, u nichi se
objewi horedka, je phitomno skryté infekénd lodlshko.

Incidence febrilnd neutropenie tedy zavisi na zd-
kladni niddorove chorebe, respektive na typa proti-
mddorové 2y, kierd mid fasto za nasledek granu-
tocytopenii rlizndho stupné a rizné délly trvini.
Z téchto divodi se febrilni neutropenie vyskyuje
nejdastdi o nemocnych leenych pro hemamtologic-
kou malignin,

28.3.3. Etiopatogeneze

Misto vzniku infekce

Primidrnim anatomickim mistem: vzniku infekee je
nejéastéfl triwich tstroji, vedlejii nosnl dutiny, plice
nebo ke, Souvisl to jiste 5 tim, de protinddorove
lézebné postupy [chemoterapie, radiaternpic) vedle
toho, 7e vedou k neutropenii, také naredujl muldey,
a tim diznicni bariéro, co? umoini imvaxi mikroor-
ganismi s nizkou patogeniton kolonoeajicich 1ées-
né povrchy. Daldl branou pro vstup infekee do 1#a
o invagivid vikony narulujle] pfirovend bariéry
(ravidéni nitrodilnich, nazogastrickich, trachedl-
nich kamyl a modovch katéted).

Plvodci

U vétdiny nemocnieh s neutropenil jsou plvodesm
infekce kolonizujici mikroorganismy. Méné Casto
pak jde o mikmorganismy ziskané z okoli, jako je
tomu napiikind u nozekomidlni infekci.

Hlavnimi povodc infelol u febrilni newtropenie
jsou bakterie, méné Castéjii jsou infekee mykotic-
ké, virove a jiné (napfiklad pnenmocystovh infek-
ce) (tab. 28.8.).

V nejvyznamnddi skuping bakeeridlnich infeked
@ pacientd 3 neutrapenii od 80, ler mineléhn sto-
leti viraznd prevafuji infekce grampozitivnl ned
gramnegativaimi, zatimco do té doby prevakovaly
nacpak infelce gramnegativid, Grampozitivai bak-
terie dnes tvoii 7U-80% viech pFipadi ze skupiny
bakteridlnich infekci u mikrobiologicky dokumen-
tovane infekce u nemocnych s nentropenii.

28.3.4. Klinicky obraz

Horecka je velmi fasto jedinfm projeverm piitom-
né infekce u neutropenickych nemocnich, nebol na
vytvoPeni daliich typickich zndmek zdnétu [infil-
tritd & jejich klinickych projevi) chybéi neutrofilnd
leukocyty. Jestlite neni jasny xdroj infekce, je vidy
nuino brat samotnou horedkn jako znamkue poten-
ciilné letdlnf infekce,

Je-li stejme lodiske infikee, potom klinicky obraz
odpovidd zinétlivému postifeni v dané lokalizac
[stomatitida, enlerokalitida, periandlnl legming,
preumonie, katétrovd infekee a dali). Vidy je viak
nuinoe mit no pameéti, Z¢ v dobé neutropenic mife
byt klinicky obraz anainé modifikovin, protoée se
nemobou voiil sanétlive infiliraty (plicnl infekee
bex sfejmych infiltratd na BTG, meningitida bex
pleocytozy v likvoru, mocovd infekee bez pyurie),

WV nejedvaindiiich pHipadech a bez okam#td anti-
biotické léthy pak ntide velmi rychle doiit k rozvoji
klinického vbrazu sepse a septického Soku,

28.3.5. Vysetieni nemocného
s febrilni neutropenii

Mutnid vyfetfeni u nemocného s febrilni neutropenti
ukazuje tab. 289,

Viedle vige zminénych vyfetfent, providénych
v piipadé rogvoje febrilnf neutropenie, se doporu-
tuje monitorovini mikrobiologicks fliry u ne-
utropenického (a to 1 afebrilatho) nemoeného bez
znamek lokalizované infekce.

W minimalné tfdennich intervalech se providi:

+ kultivace mo&i:

= hultivace # rekba;

* kuoltivace 2 dutiny dsini;

* kultivace z nosniho vstupu.

Tyt monitorovact kultivace pravdépodobné ne-
pfingsau informaci o pivedel infekce, mohow viak
pomoci pti volbé iniciilnich antibiotiks a mohou
byt divodem ke avyieni epidemiologicke bdélos-
i i pracovitti (meticilin-resistentnl stafylolok,
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Tab. 28.9, Mutna vyietfeni u nemacnéha s febrlin neutropenii

Vydetienl cil Indikaca
Anamndza zistit znamky a priznaky vidy
a Pyzikalng infekee v inkalizacich, kiere
wyletien bywaji neftastdjl pastizamy
[ehuting Listni, nazofanme,
jfcen, periandlal oblast, plice.
kefife, mista vstupu Himkch
keatanril
Laboratormi krewni obraz s diferencidinim | wifeni stupné neutropenis, vty
vydetienl rozpodtem ey prodtu PLT, Hi
biochemdcké vyletiend rAnitined markary iy
|CRP, prokalcitoning
podkozeni orgaroeych funkci
ljaternl enzymy, urea, reatinink
roziifena koagulace enamky DIC vidy
hiochemicks a mikroskopicke | ondmky modow Infekoe vidy
vySetfeni modi 3 modowaha
sedlimentu
Mikrobiologické | aerabni a anaerabni prikaz bakbereilnich widy
vikatieni hiermakiltira 2 perifamni ziky a mykotickych patogen(
w krewmim Fefisti
asrobini a anaerobni prikaz kanylové infekee ity
hemokulturs £ kakdého konge | wyvolans bakteriem
Hiniho katdury a mykotickymi patogery
hulthvace modl prikaz bakterialnich vidy
amykatickyeh patogend
kultivaéni vyietfen bedme rdkaz baktaridnich, die pimnakid
dostupnych material dis iykotlckich, virawich
st suspekend infekce i jinych patogend
{stedice, sputum, stér dutina
dstni}
Zobrazovacl AT srdee a plic pardikcaz pneuminnie | withy
mistody vysoce ralisovaci CT plic senziivnESineE RTG pro. | = temé? vady pii patologi
{HRCT plic) prikaz pneumeonie, Wréeni ma BTG 5+
charakteru infekce, lokalizace | » vidy 5-7 dny treajici
horetka bez prikazu
zdrope (ywhoudenl Invazinl
asperglézy plic)
ATG paranazdinich dutin (CT pritkar infekce paranazdlnich | pfi sympromeatclogii
paranazilmich dutin dutin
ultrasonograficks levent. CT] | prihax infekee £ patologle pii symplomastologii
wysettand crgdnd duting bigni | argdnd duting biiénl
echokardiograficke vydetien] | pritkaz endokandiiidy » b symplomatologil
arclce = pii kabétrowd infekc
wyrwolané 5. aureus
VyEatheni branchoatwealarnl laeead » mikrobiologicks pfi nalezu patclogie ng ATG
materild wybetiani (prikaz baktedl, LaP afnebo HRCT
ziskanych kvasinek a plisnl, vird,
2 mista chilamydii a mykoplazmat,
Infekiniha Preamocystis flravec)
lodiska « cytodoglchd wistfend
[prikaz mykoticks infekce,
peillkaz zakladni chorehy
« hinchemicke wySatieni
[pritkaz ARDS)
plicri biopsie (lenkojehlovd histologické a mikrobiologicks | vijimedn pii podezien| na
nebo otewfenal wybetienl (prikaz mykotickeeh | invazhvnd mykotickou infekc,
patogend) kterd nelze jipm wySetienin
serifikavat
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Tab. 28.9. Pokrodovdn’

Vydetfeni

il

Indikace

Vydetfeni
materdald

riskanych
z mista
infekéniho

pokratovdal

punkce plewrdlntho wWpotky

= mikrobiotogicke (prikaz
bakbedi, kvasinek a plisni
zakladni choroby)

= biochemicke vyietieni
Icharakier vipothu -
ecsiddt vs transsudat)

pii prikazu pheurdiniha
vypatku

yySetiend mozkomiiniba moku

= cytologicke wyiatien|
[roxpodet bundk pra unieni
charzkienu event, pleocytdly,
prilkaz zakladni choroby)

= mikrobictogecke vydetreni
[prakaz bakinri, kvasinek
a plisnd, wirh)

pii klinickem ohraze postideni
L5 nzbo mening

punkce paranazalnich dutin

mikroblologicke vyietfen
\prikaz bakteni, kvasinek
a plisni, vira)

pii Kinlckém abraze Infekce
paranazalnich dutin

punkce nebo biopsie kainich
ber

» mikrobiologicke vwietreni
[prikaz bakiers, kvasinek
aplisni)

pit kinickem obraze postizen|
kide

» histologicke wistfeni
[prikaz zakladnl choroby,
prdkaz mykoticke infekoe)

penicilin-rezistentni pnesmokok, multirerstentnd
gram-negativinl bakterie (napé produkujici ESBL),
enterokoky reistenml na vankomyeln (VRE), Can-
dicha tropicalis.

28.3.6. Stanoveni rizika rozvoje
komplikaci febrilni
neutropenie

Pred eahdjenim antimikrobidlnl 148y a v jejim pri-
béhu je nutno provést thadnoceni stupné rizikovost
nemosného pro rozve] komplikacl, které ndm sloudi
k volbé viastnich antibiotik a rozhodnot o ambuo-
ltitni 16dhé nebo naopak [éché wn hospitalizace.
Tab. 28.10. uvidi rozdéleni nemocnych s febril

i neutropenii do dvou prognostickych skupin dle
riztka rozvole komplikach, Nejdblezitgjai body pfi
roghodoving jsou myraznény iuing.

28.3.7. Inicialni antibioticka terapie

Tnfekee pfi neutropenii se milke dramaticky vyvijet
béhem hodin a2 do obrazo sepse, septického foku
a smrti, proto je nezbytnd okamiité zahdjend din-
né antimikrobidlnd 168by jefté pied definitivaim
priakazem infekce. Pii tukovem postupu je infekee
jakn nejrvainéisi pricing horecky pouze predpo-
kladana a antimikrobiglni [écha 3 volba antibiotik je
tedy empirickd, Vysledky hemokulmur odebranych

pied nasazenim antibiotik a wisledky koltivaéni-
ho vySethend » lotiska suspekinl infekee pak slowid
ke eventudlnd Gpravé antibioticke léehy v nasleduji-
cich dnech.

Volba antibiotik a zplsob iniclalni 1&Eby

febrilni neutropenie

Volba antibiotik @ rozhodout o ambulanini nebe

hospitalizadni léché febrilni neutropenie zvisi na:

» urdeni stupné rizika veniky komplikaci u daného
nemacnihe (kribéria vie vyie);

» piitomnosti nebo nepiitomnostt moainého zdro-
je infekee (dinicky dokumentoveand infekee nehn
horeéka nejasného plvodu);

* lokdini epidemiclogické sitvaci na daném praco-
vist (mezbytnd dzki spoluprice s antibiotickym
strediskem),

Inicidini antibioticks l6éba

u klinlcky dokumentovane infekce
neutropenického nemocného

Pouze menéi cast nemoenych md v obdobl zahdje-
ni febrilii klinické pfiznaky odpovidajlel infeléni-
mu fokuso v uréité lokalizaci (napf. klinicky obraz
odpovidajici preumoniil. U téte mendi skuping
nemocnieh je volba empiricky podavanteh anti-
blotik ddna rizikovosti nemocného, enalosti o pri-
niku antibiotik do postifend lokalizace, pokrytim
nejéastéjsich pategend vyvalivajlcich infekci v 1w
oblasti, a to v8e pii zachovand Sirokospektrilniho
kvl
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Tab. 28.10. Rozdéleni nemocnych s febrilni neutropani

Mizhdé rizilea
(pro zafazend je nutné spindnd viech podminek)

Wysekd riziko
{pro zatazend stadi spinéni jedne podminky)

+ absolutni poéet neutrofild a ocekdvany nojnizsi
potet neutrofild >/= 0,1 101
+ nautropanie v dobé infekos trva < 7 dni
a celbovd olekivand doba neiutropente < 10 dnd
« nephitomnost 2ndmak sepse/zdvaing infakce
{hypotenze, tachykardie, dehydratace, balest
biicha, newralogicke zminy)
mejylli teplota < 39 °C
marmibini funkce jater a ledwin
nend Infekee nitradiniho katétru
kfinicky stabilnd pacient/ambulaninl pacient
nddarowd aremocndnl v remilsl
neni phidrudena adna jind zavaina chorcba
(diabetes mellitus, CHOPM, chronlcki srdedni
insufichence)
dobiry wwkonnostni stav (serformance status)
nemocryr dive nepradélal mykotickou infekd

- m

vtk « B0 rakD

L]

- & & & & & &

abisolutnd poéet neutrofild a obekivamy najniiil
pocet neutrofila < 0,1 - 1041

neutropenis v dobd infekos trvé >/= 7 dni

B celkova néekivana doba neutropenie > 10 dnd
klinicky nestabilni pacient (hypotenze, tachykardie,
dehydratace, bolest biicha, neurologicks
symptomatologie]/hospitalizevany paclent
teplots = 39T

fpatnd funkce jater nebo ledvin

patologke na RTG 54F

transplantace knvetvorngch bunék

akutn| hukdrmie, poksd meni v emisi

progredujici nddorove onemaocnéni

zdvadné plidruzens onemocnéni (diabetes millitus,
CHOPN, chrenicka srdednl Insuficience)

vtk » &0 rolked

Inicialni antibioticka léfba horeéky
nejasného plvodu u neutropenického
nemocného

U wétding neutropenickych nemeengeh nend ini
cidlné gjisténo adné potencidlni lodisko infekce,

V tomto pripadd Je empiricki antibiotickd lécha
febrilni nentropenie zaméfena na pokryti firokého
spekira bakterti, které se nejastéfi vyskytuji pfi prv-
nich znambsich nfekce (vie tab, 288.), Vidy viak
mausi byt pokryta nejnebezpedndjii fist spektra

Tab. 28.11. Empiriciké volba antibiotik u nemocnych s febeilnl neutropenii

Redim | Indiknce | Zvolend antibiotika
Nizke rizika
Ambulantni reim | dobed spolupeice potEnsovany + | Ausrachinolon (ciprefloxacing
{pad aminapenicilin
[ea-nampacilin,
ce-amonciling
Haospitalizaini neni dobrd spoluprdce | potencovany + | aminaghykosid (gentamicing et
regim (L] aminapeniciin fluarschinalen (giprofloxacin)
fea-ampicilie,
co-amoniciling
Vyzoke riziko
Manoterapie hemadynamicky stabilnl | protipseudomanadovy penicilin nebocefoperaoon/suibaktam nato
AeMoCny s vysekym cefabospodin 4. genetaca neba karbapenem
rizlkem
Kombinovand hemodynamlcky protipseudomanidovy + | amineglhykosid (amikacin,
lfbha bex resstabiing nemacny penicilin nebao cefoperazon/ mrpamyCiny) nebo aztrsonam
glykopeptidu s wysokym rizibem sulbaktam mebo
cefalosporin 4. generace
nebo karbapendm
Kombinovana wiz vyl ghykopeptid | + | protipseudomenadoyy | - | aminoghkosid
léiha v pracovidtd s vysokym | (vankamycing penicilin neba {amikacin,
s glykopeptidem wipikwtarn virldujicich celaperazan/ iseparyeind
streptokokd mebo sulbaktam nelsa nebo
= zmamky kanybowd celalosporin ATtreananm
infikce nebo 4. generace nebo
= tédkd mukozitdas karbapenem
asoutasng
hemadynamicka
restabilits

Ffedpona co- oznaduje potenckack dals sulsstanch, v piipadé co-ampiciiinu se jedna o ampicilin potencovany sulbaktsmem,
v piipadé co-amoxiciling s jednd o amoudclin potencovany Kavulandtemn
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hakteridlnich infekd, tedy G- baklerie {piede-

viim Prendomonps sp., Kiebsiella sp.). G+ infekce,

nemivail ve vitdind pHpadt dramaticky pribéh,

ook umodniuje zalijit u vEtSiny pacient empirickou
léchu antibiotiky 5 ulinkern na G+ bakterie a2 po

48-72 hodindch od veniku febrilni neatropenie,

N pikladé urfeni stupné rivika roavaje konypli-
kacl extstu|l dva zdkladni pistupy k inicialni antibi-
oticke lééhe horeday nejasného pivodu u neutrope-
nickych nemocnych:

+ lééha nemocnych s nizkym rizikem veniku kom-
plikaci - 1&%ha peroralnimi antibiotiky v ambu-
lantni pédi;

= lécka nemocnych ¢ vsokym rizikem 2niku kom-
plikaci - l&ba intravendenimi antibiotiky za hos-
pitalizace,

Inicialni empirickd antibioticka lééba
nemacnych s nizkym rizikem vzniku
komplikaci - lé€ba perordlnimi antibiotiky
v ambulantni pégi

Absolutni podminkouambulantai lechy jeviak dob-
b spolupracufich nemocny, ktery je léen v dosahu
pracovidht & nepietrhitym provozem a md modnost

akam#ittho navratu do nemocnice pfi znédnikich
thorfovini klinického stava po celjch 24 hodin,

Pokued nemocny nespolupracuje nebo nemd mod
nost phamiittho ndvratn do nemocnice, pak je
i téchio pacient s nizkym rizikem nuina hospita-
lizace. Volha ATH je stejnd, jen tasto volime intra-
venoeni podavini.

Valba ATB je zobrazema v tab, 28,11,

Inicialni empiricka antibiotickd létba
nemocnych s vysokym rizikem vzniku
komplikaci - léEba intravendznimi
antiblotiky za hospitalizace
Tento hospitalizaéni pristup je nutny o vEtding ne-
moctbch s febrilni nevtropenii. Vétgina nemocnych
wilit spadd do skwpiny vysckého rizika rozvoje
komplikaci {dle viie zminénych kritéril} a vyzadud
nitrofilni podivini antibiotik 2 monitorovint pri-
béhu infekee,
Inicidlni empirichka antibioticki l&Cba intravende-
nimi antibictiky je volbou jednohe ze th schémar:
* antibintickda manoterapie - Indikoving u kemo-
dynamicky stabilnich nemoenych s vysokym ri-
zikem;

Tab, 28.12. Diivkovdnl antibiotik poudivangeh v empirické ehd febrlin neutropenis

Mazev Dédvka/den

Potencovand aminopeniciling

amaleilin/klavulanat (Augmentin, Amoksiklav) po. Ixe25mg
hm:mllm’kluwl.ma’l {Augmentin, Amcksiklav) v 3% 1.ig

Chinaolany

ciproflexacin (Ciprinall pa. Iy S00mg

ciprofloxacin (Ciprinal] Ly, 2x 400mg

Cefalosporiny 3, generace

cefoperazon/sulbakram (Sulperazon) v, Ix1g

ceftazidirn (Fortum) Lv. Ixlyg

Cefalosporiny 4, generace

eedepim (Magipime| Ly, Ix2g

cefpirom (Cefrom] L.y, g

Protioseudomand dowy penlcilin

piperacilin/tazobaktam (Tazocin) iv. | 1450

Karbapenanmy

imipenemyilastatin {Tienam) iv. Iy 1g nebo dx 05g

mercperem (Merenem) L. iy 1g nebo 4= 05

Aminoghykesidy

gantamicin (Gentamydin Lv. 3 BOmg

amikacin (Amikin) Lv. 11g

Isepamicin dsepacinl

1313 mafkg [max. 1,5 a)

Glykopeptidy

vankomycin (Vancoon, Edicin) i

2xig
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= antibiotickd dvojkombinace bez glykopeptidové-
ho antibiotiks (bex vankomycinu) - indikovina
o vEtdiny nemocnych s vysokym rizikem, ale pie-
deviim o h:mmlrﬂamick}' nestabilnich;

+ antihiotickd kombinace ¢ glykopeptidovirm an-
tibiotikern (vankomycinem) = indikovina vyji-
meing,

Viastnl volbu ATE a indikace jednotlivich redi-
mil ukazuje tab. 28,12,

V piipadé febrilni neutropenie létene perordlng
amexicilinemy/klavulanitem a ciproflozacinem lze
ciprofloxscin pi jeho nesnddenlivosti nahradit co-
trimoxzazolem v béfném divkovini.

28.3.8. Pokracovani lécby p¥i
pietrvavani febrilii po tiech
dnech antimikrobialni terapie

Ustup hurecky mivke bift pii pretrvivajici neatrope-
nii pomalyf: Pesto pfetevivini horefky pii antibak-
teridlni leche trvapici déle net 3 dny u nemocnych,
ber Klinicky nebo mikrobiologicky dokumentovang
infeloce Enamend, fe jde o
= pomalon cdpovéd bakteridni infekee na zavede-
no antibiotickou léghu;
* bakteriglni infekci rezistentni na zavedeni anti-
biotika;
+ nebakteridlnd infekei;
¢ sekonddrnd infekei;
* pedostatecné koncentrace antibotika v séru a tha-
nich;
= infekei avaskularnibo mista (absces);
= Lkatétrovou infekei pii ponechaném infikovaném
nitroZilnim katétru;
* polékovou horedku,
U nemocnych s neutropenit, kiefl jsou febrilni
i po 3 dnech antibiotické 1é¢by, je nutné podrob
né pieietient ko vylouteni moiné infobkoe {fyzikal
ni vyietfend, pisouzend stavu nitrofilnich katétri,
mikrobiologické prefetfeni, RTG plic, zobrazovaci
vybetienl ruméfené na orginy podezfelé 2 infekd-
niho postizeni - piedeviim ultrasonografie biicha
a HRCT plic),

Pokraéovani antibiotické lééby u klinicky
nebo mikrobiologicky dokumentované
infekce neutropenického nemocného
Dodo-li béhem primich i dnd poddvini empi-
rické antibiotické 1&2by k izolaci pivodee infekee,
pak je na zdkladé urleni mikroorganismu a gjisténi
jeho citlivosti na antibiotika nutné upravit antimi-
krobidlni lefhu tak, aby bylo dosafeno optimalni-
ho G&nku. Je nutné nadale zachovat Sinokospektrd
kryti (zajigténi proti superinfekci jingm patogenem
rpdcobujicim fulminantni prithéh infekce},

Stejné tak pokud béhem tohoto obdobi dodlo
k progresi stavn do klinicky jednoznalné infekee
{napf. prneumonie), ale viastni etiologie je nezndmd —
pak je nutnd tprava antibicticks |é¢by dle predpolda-
daného pivodee, ktery se v €to lokalizaci vyskytuje
nejéasiejl, a die priiniku ATB do postizené oblasti.

Pokrafovani antibiotické |&ééby horetky
nejasného plvodu u neutropenického
nemocného

Pokud peeletfeni nevede ke zjisténi infekee, daldi
postup zavisi na mife rizika nemocnéha, resp. ta
inicidlet antibioticks léche,

Pokracovani empirické antibiotické |éEby -

nizké riziko {abr. 28.5.)

o Pokratovini v léfbé zavedenymi antibiotiky
= u pacientil, kde piesetfeni nevedlo k nilezo
zdroje infekee a je ofekivdn konec neutropenie
béhem 5 ndsledujicich dndy;

= zména celé antibioticke kombinace - Indikovdna
pii rozvoji hemodynamické nestability. Voli se
redimy kombinované antibioticke LEtby s glyko-
peptidem nebo bez glykopeptidu (dle kritéril),
které se poutivall v inicidlni lééhé u nemocnych
s vysakym rizikem (viz tab, 28.11.),

Pokradovini empirické antibiotické lédby -

vysoké rizike (viz obr. 28.5.)

+ Pokradovani v lédbé zavedemymi antibiotiky -
u pacientil, kde plesettend nevedlo k nilezu zdrm-
je infekce a je odekivin konec neutropenie bé-
hem 5 adaledujicich dnis;

¢ phidini aminoglykosidu do kombinace (amikacin,
isepacin] - j¢-li nemocny lecen monoterapii;

« piidini glykopeptidu-vankomycinu (ke stiva-
jici monoterapli mebo dvojkombinaci) - jen
u nemocnych § hemoedynamickou nestabilitow,
mukezitidou nebo zndmbkami kanylové infeckce,
MNend-li po daldich 3 dnech |&lebni odpoved, je
nutné podévéni vankomycinu ukondit (riziko
rozvoje rezistence.

28.3.9. Pokraiovani lééby
pFi pretrvavani febrilii
po 5-7 dnech antimikrobialni
terapie

Memocni 5 horedkou pletrvivajicd i po tirdnu anti-
bioticks 1é¢hy majl nejménd v jedné theting pipadi
systémaovou mykotickou inlekci (v naprosté vetsing
pHpadi zpisobenou Candida spp. nebo Aspergillus
spp.), 4 je proto u nich indikovina empiricka anti-
mikotick lecby (viz obr. 28.5.).
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Tab. 28.13. Systémovd antimykotika a jefich davkevani v empiricke [62hé febrilnd neutropenie

Antimykotika
Mizev Dévkajden
amfotericin B [Amphotericin B Squlbb) Lu. 0.8-1 mg/kg/den
Liposomdini fermy amfatericiny 8

| amfotericin B coloidnl disperse (Amphocill iv. 3-4 ma/kg/den
amfarericin B lipidovy komplex (Sbelcet] iv 5 mg-'kg-rden
liposamalnl amfotericin B (AmSisome] iv. -5 my'kg/den

flukenazol (Mycomax, Diflecan) by, inebyla-li profylaxe | 2= 200-400 mg/den
flukanazslem a jsou vzacne vlaknite plisng)

ftrakonazel (Sporancs) Ly, prvmi 2 dry 2% 200 mg/den nasledujici dny 1x 200 mgiden
varlkanazal (Viend) |y, pryni den 2x & mo/ky nasledulict doy 2x 4 molkg
kaspofungin (Cancidas) iv. prvni den 70 mg/den nasledujicd dny 50 mg/den
| Pretrvavajici hore¢ka | po 72 hodinach podavani antibiotik |
| stiologia byla zjtiténa |+ nové pietetient pacienta |

o — atinlogie mlhyh jittina |

| vvsoxémazko | | NIZKE RIZIKO |
|

= klinickj stav stabilizovany | pokraovniantibiotické léeby |

[zhorseni klinickéhe stavu | | dvojkombinace poutivana

= e nemocnych s vysolgm rizikem %
progrese do klinlcky dprava antimilcrobialni 1&2by

—s| jednoznainé infekca = podle predpokiidané etictogie b
bez izolace plvodce a podle priniku do postizerwch than

Y

klinicky stav beze amény - |—» pokradovani antibiotické léchy b

dprava stabilizovan * pokud je souldstl vankomyceln,
antimikrobiaing ¥ ukoniit
laby podle
wishedk( citfivosti e r————
plvadce na - SN . P - n -
antibiotika pro pridini glykopeptidu
progrese do klinicky tprava antimikrobidlini lé<by
= jednoznaing infekce = podle pfedpokiadand etiokongie -
bez izolace plvodce & podle priniku de postifengch than
haredka trvd daliich 72 hodin | | istup haretky |
empiricka antimykotickd i pokradovani/ukondeni antibioticke lécby
lécha * pokied je souddsti vankamycin, vidy ukondit

Obr. 28.5. Algoritmus &by nemocngch, u nichi pretrvdva horedka po 3 8 5-7 drech
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Soucasné podivand antibioticks é¢ha se redu-
kuje vétdinou na monoterapii Sirokospelirdlnim
antibiotikem pro zabrinéni sekundirn bakteridlnd
infelci.

Antimykotika poufivanid v empirické antimyko-
tHeké 182h¢ febrilnd neutropenie ukazuje tab, 2813,

28.3.10. Ukondceni antimikrobidini
lééby

Ukonteni antibioticke lécby

u afebrilnich nemocnych

Nemocni s klinicky/milkroblologicky prokizanon

bakteridlni infekcl. Antibiotike jsou podévina el do

klinického, mikrobiologického i radislugického dstu-

pu infekee {(sliznicni infekce tyden, bakteriémie 1-2

Hdny, prenmonie obvykle vyzaduji 2-3 thdny).
Nemooni 5 neutropenii a horeckou nejasného

pivodu s empiricky podavinymi antibiotiky. Mej-

dileditéjsimi fakrory pti rozhodovini o délce antibi-

oticke [&iby u téchto nemocryeh jsou podet neutro-

fila v periferni krvi a klinicky stay:

= doilo k vzestupu neutrofila > 0,5 - 10" - AT 1&2-
bu ukonfujeme po 2 dnech bez febrilii po veestu-
pu newtrofili mad 0,5 - 105

* nedodlo k vzestupu neutrofild > 0,5 « 107 ale ne-
moeny je hemodynamicky stabilni bex znamel
infebece, bez mukozitidy - ukonéujeme ATB léc-
bu po celkovd 5-7 dnech bex febrilii;

= nedotlo k veestupu neutrofild > 0,5+ 10° 2 ne-
mocny je soufasné hemodynamicky nestabiln
nebo s mukozritidon nebo absoluinim podtem
neutrafilt < 0,1 - 10" - pokradujeme s ATB létbou
do vrestupu neutrofilll nad 0,5 « 10" {maximalni
délka poddvini ATH je 14 dni).

Ukonéeni antimykotickeé lééby

u afebrilnich nemocnych

Nemocni s klinicky/mikrobiclogicky prokizanou

systémovou mykotickon infelel. Délka antimyko-

ticke lédhy je 2dvisld na plvodel a na rozsahu one-

moenént, VEtdinou trva lédba tydny, ale { mésice,
Nemocni 5 neutropenii a horedkou nejasného

pivodu s empiricky podivanymi antimykotiky.

Postup pii ukonden| systémove antimykotické Wby

u téchto nemocnych je nisledujici:

* pokod vymizi neotropenie, pacient je v dobrém
klinickém stava a kontrolni CT hrodniku a bfi-
cha neprokile lodiska podezreli z mykotického
pivodu, je mofngé 1écbu systémovim antimyko-
tikern ukongt. Minimalni délka podivini by
viak méla byt pribling 14 dni Irr.spt!tl'm:' celko-
vi divka amfotericinu B minimélné 1 gh

* u pacientd s dlouhodobou nentropenit je mod-
né ukonéit antimykotickou léchou po 14 dnech.
pokod neni klinicky zjevnd mykotickd infek-
ce, nemecny je klinicky stabilnd a kentrolni CT
hrudniku a bficha neprokife lodiska podeziela
z mykotického pvodu;

oy pacientd s dlovhodobou nestropenii, kted ne-
jsou v dobrém klinickém stava nebo jsou vysoce
rizikovi, se doporulufe podivini antimykotiki
po celou dobu peutropenie, pikud se oviem ode-
kivd v blizke dobé vzestup pactu neutrofili.

Ukonéeni antibiotické a antimykotické
lé€by u nemocnych s pfetrvavajici horeékou
Memocnl, kteti jsou stile febrilnd i pres nékolik dod
trvajict ledcbu Sirokospektriinimi antibiotiky a sys-
tmowymi antimykotiky, musi byt znovu celkove
piesctient se zaméfenim predeviim na hluboké
mykoticke infekce, na infekee virové a mykobakte-
ridlni, Ultrasonografie, piedeviim viak CT biicha
# CT hrudniku, jsou zasadnimi metodami pro Lte
déni mykotickjch lozisek. Plad o jok pro febrilnd
nemocné, ktefi maji stale neutropenii, lak zejména
pro nemocne, u nich? nentropenie jiz odeznéla, My-
feoticled logiska ve slezing, jatrech nebo ledwinach se
Lasto wwitél nebo rviditelnd po vzestupu podtu neu-
trofil (hepatesplenicks kandidéza).

Obecné plath, Ze antibiotickow a antimykatickow
létbu u této shupiny nemocmych s pletrvavajicimd
febiriliemi ukonéujeme po minimdlné 14 dnech a pa
co nejpechvijiim vyloutend infekéniho pivodu ho-

recky.

28.3.11. Dalii zpisoby létby

febrilni neutropenie

Transfize granulocytd

Podévini transfiazd granulocytd nemocnym s febril-
ni neutrapenii nevede ke snifend mortality, a navic
je zatifeno vysokim rizikem komplikaci, 2 tichio
divwoidu se v soudasné dobé pro rutinnd 188bu infek-
ce pii neutropenti nedoporucuje. Nektef: autofi je
doporucuji jen u 16iké neutropenie s proddzanon
bakteridlni nebo mykotickoo infeleci, kierd nereagu-
j& na antimilerobidlng léchu,

Leukocytdrni ristové faktory - filgrastim
|G-CSF) a sagrameostim (GM-CSF)

Poddvani leukocytirnlch ristovych faktord soudas-
né s dalif léehou febrilnl neutropenie signifikantné
zhratl trvdni neutropenie, nezkedt] viak trvini ho-
recky a poddvini protiinfeldnich Ikt ani signifi-
kantné nesniH morbiditu, a pfedeviim mortalitu,
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Batinni poufivani lenkocytdrnich ristovych fak-
tortt nenl indikevine v nekomplikovand febrilni
neatropenie. fejich podivani je moino povatovat
a vhadné pouze ve velmi zivainvch piipadech se
sretelnou gévadnou infekel {pnesmonie, hypotenze,
zivazna celulitida nebo sinusitida & systémovd my-
kotickd infekee s multiorginovym selbanim a sep-
si), kdy nelze oleldvat breké obnoveni neutrofilni
krvetvorby. Lécha leukocytdrnimi ristovymi fakio-
Ty mitde byt 2videnau pacientd diouhodobé neutro-
penickych, s dokumentovanou Infekel. kterd neod-
povidi dobie na antimilorobialng lédbu,

Lécha grampozitivni infekce rezistentni
na vankomycin
Pro léebu infekcl wyvolanych vankomycin-rezis-
entndmi grampozitiviidmi mikroorganisoy se v ne-
dévng dobi objevily dva nové pripravky, linezolid
asynercid. Oba jsou dnes indikoviny viluéné v pii-
padech prokdzané resistence irolovanych gramposi-
tienich bakteril na vankomyein.

+ Linczolid je faren mee novou skupinu antibio-
tik — oxazolidindiony - a nejevi ehfiZenou re-
zistenci s nstatnimi antibiotiky, biologicka do-
stupnost po perordlnim poddnd je teméer 100 %,
Dhivkovini: intravendsné, ale 1 perordng v div-
kich a00mg kaddych 12 hodin.

* Quinopristin/dalfopristin je smi dvou rizntch
antibiotik. Didvkovani: 7.5 mg'kg intravendené
kagdych 8 hodin,

28.3.12. Antimikrobidini profylaxe
u neutropenickych nemocnjch

Vyskyt febrilnich epizod pii newtropenii mife byt
snizen proflaktickym podivinim antibiotik v das-
né afebrilni fizi neutropenie, Plinos antimikrobiil-
ni profylaxe je viak asto anulovin toxicitou léchy,
prerdstanim mykoticke infekce a vinikem rezistent-
ni bakterialni a mykotické fliry.

YVihledem k vi3e sminénému plati, Ze s vyjim-
kou profylaxe Preumocystis jiroveci [carinii) neni
antimikrobidglni profylaxe u nectropenickych ne-
maocnych vieobecnd doporndovina,

Profylaxe infekee Pneumaocystis jiroveci

(carinif)

Je indikovina u viech nemocnych se wvyienym rizi-

kem této Infekee {CD4 < 200 - 10%), & to hez ohledu

na skukednost, 2da je pHtomng neutropénie.
YVhodnd antibictika:  trimethoprim-sulfame-

thaxazol p.o. 1:x 480 mg denné nebo 3x 960mg

tidné.

Profylaxe mykotickych infekci

Indikavina je u nemocnych s vysokym rizikem roz-

voje mykotickyeh infekel (alogenni transplantace

krvetvornych bunélk, indukéni a reindukéni lécha

akutni myeloidni leukémie, 1éiba spojend s neu-

tropenii trvajici déle ned 7 dnd, 122k mukozitida),

Rutinnd poddvini antimykoticke profylaxe u viech

peutropeniciich pacieni v podobé arolovych anti-

mykotik nend doporudavana),
Vhednd antimykotika:

= posakonazel p.o. 3= 200 mg denné (unepvyiiitho
rizika - AMLMDS indukee/reindukce, alogenni
transplantace s reaked tépu proti hostiteliy;

= vorikenazol p.o. 2x M0 mg denné (v alogenni
transplantuce);

+ flukonazol p.o. 2x 200 mg dennd;

= jtrakomazol po. 2x 200mg denné (nebo per-
ordlni soluce 2x 100-200 mg denné] {nutng mo-
nftoring hiladin lékn, riziko lekovych interakei).

Profylaxe bakteridinich infekei

Nejéastéji se k profylaxi bakrerialnich infekei pouki-
waji perorAlni chinelony a co-trimoxnzol. Chinalo-
Ty jsou v prevenct (einndjE ned co-trimoxazol, ale
jejich nevyhadou je nedostatedny Ginek proti G+
fldfe a narfist viskytu rezistentoich G- mikroorga-
nismi v privhéhn léchy.

Butinni profylaee chinolony u nemocnych s new-
tropenii nend indikovina. Pokud je v individuilnich
phpadech pfece jen pouzita {(chemoterapie vedouc
k divuhodobé neutropenii a téké mukozitidé), pak
v kombinaci s penicillinem V nebo co-trimoxazo-
lem {pokryti G+ flory) o méla by byt padivina co
nejkratii dobu a u co nejmendiho podtu vwbranych
rizikovych nemocmych.

Vhodnd antibiotika: ciprofloxacin p.o. 22 500
mg denné,

28.4. Mykotické infekce

Mykotické infekee piedstavujl skupinu infekénich
lemplikact, ktere jsou v onkologickych nemocnych
spojeny s velmi mvainou progndaow

Hlavnimi rizikovimi faktory pro venik k-
thekofch infeked json hematologickd malignita, trans-
plantace krvetverne thiné (hlavné alogennil, reakee
tépu proti hostiteli, neutropenie trvajici déle nek
10 dni & kortikoterapie,

Podle stupné invazivity maieme mykoticke in-
fekce rozdélit na povechové {postihujici télesné po-
vrchy —napf. orofaryngedInf kandiddeza) a invazivni
{invadujici do thand).
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Souhirn

lrweazian miykoticka infekce prodstewas
dviadnow nfakini komplkac imunokom-
prormitowvanych nemacmich 5 niconoeem
onamooman. Ve sroviani 5 bakdardlnl-
i il i jeich wiskt jednognadng
mend Sasty, na drohou sireu incidenca
imvazivnich mylkoticlkych infeboi narlsta
& marbidita 8 moralla s nimi epojend B
wyraznd welsl mad jo tomu u inedei bhak
teiginich, Pastols mwashml myloday po-
slihuji ceiou skuping nemoomych & nd-
dorrern onemochinim, jo jmich vwskd
U pacientl se sobdnimi nadory spita
wzhitry, Maopak velica Zastd bou U ne-
mocych 8 hematologickymi malignita-
mi, & o pfedevam je-ll scuddst ladebne-
ho rafimu tranaplantace knetvome he-
ngl:l.ll

Pradchingic dwd desetipti pfinesly w-
Al pmdimy ¢ opicamiokogs invamiy
nich rrykn? a blhem poskednich noika
malo ket pak dodio | ke onadnym pokno-
ki v disgrostica a BEbd t4chio velm|
avadrych irdatcl,

Peatgracudini madicina, 2007, 9, 8.3

Klitava slova

Invazivni mykoticks infokca »
rizikowd faktory « klinickd piznaky
* diagnostika

Pivodel invazivaich
mykotickfeh infekei

‘ice nei devadesat procanl Invazivnich
mydarliclgch infekol u nemocnych 8 nddo-
OV OMEmOCOanim je wweolEng kmeary
Candics spp. 8 Aspapius spp, Micmersd
stile fastdi sa mideme sstkat | = miskss
e viyvalaryemi takavarmimi vescrymi -
atickye patogany, jako [sou pledaviim
milknomrecaty Hidy Sygommoetss (Rhizo-
TLCoT S0, NEopus spp., Mucor Bpp.,
Absicha spp, Fusanien sp., & everuding
| nékters dall, walovensd vidcns houloy
[Absrmane spp.. Scooosponiuem spg. af) =
Prestofe j@ popsdno pfes 100 druhi
kandid, vica e S5 % wisch ImaEmimich
Inviskai wywolevd poua 5 2 nich; O aibe
cang, O glatreta, O paraosvosis, O ro-
picals, C. krusel Hmeny kvesinek jsou

baddrnpmi komanzdly povichu lidskaha 18
(fadevdim sizme Irdvicihe Ostre), Men
peoto plckvaponim, Do witding pHps
Al vnaivnl kandickiey U enkalagickich,
a oviahd pak hamatoonkelogickych ne-
maemych B infekol andogenal (prostup
keobonizigicich kmend keasinek podiore-
nou sliznict pfi mukogticd oo cirkulkacs)
Miide vaak jt | o mfeko excgenni, jak B
fom w vedEiny kvesmiouych inleko cen-
fralrich dinich katdtnd Ipfenos pledodim
rukama perscnai).” #

Podatmd jale u kandid jo take dokumer:
tovana kolsm 100 aspergilowsich rodi,
als raproshou wEtEinu nvazhmich infekicl
u bl wypeoldiva jan nékolk 7 nich: A, fam-
pehie, mand Ssstal pak A Ravug, A n-
ger 8 A, ferreua Aspenglovd kosidie
|sou ubkedin & wakaduji s= we vadishn
prechu 2 Bajcl pddd. V namocnitnim .
stfedl & pak milfems nachazet ve vadke-
o, sprchdch, rerervadnech vody @ kel
tnadich. Jefich mrodahd ve veouichis 58
wyrarng pwyiae pll rianyon ehonsinuk-
cich a atavebrich Opravach v femoam-
oich & jeich ckoll rvazivnl aspergicea je
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Tedly indebinl Feoganc, kdy irdebo U Imu-
rgkampromiovanych remocnich wyo-
leif inbakvané koride . 0

Takir nwazivii Zygomykoze & fuserioza
[sou nfekce exogenni, Konide mygomy-
el & (=il [Eou opdl uodnetn 2 vyekyiuy
ai v priachu, slofiel voodd B leicl vegetacl.
I ks cochdzi nhalaci, ingesoi, even-
il i leordaminact ran, L 2y omyka?
domii planos inhalatnd cesiou & po-
chabad jakn U aspanginich kenend miise
ol K ogokoriilni AEATRN TyY0oTTy-
ot kirnakizac 8 ool pfedeedin v oboot’
mkonstrubkdnich pract: U Aesandey e vad-
g inhalatnd cesly veerni Castou brasoas
vetupa nfakce do orgenisrm konlamina-
& drobimch kedich porangni - ®

Epidemiologie

Béharn postedrich dvou dekand dodle
k signifikantrmmu ndndstu ndomnce w
skytu invazivnich mykotickyoh infekei™
Pitinou tohoto stau j& nevs tdks narsta-
Jioi podat zavaing imunokompronitove:
rch memocrych, O roku 1980 wrazmié
varoetl podel packentd sa solkdnimi fu-
oty & hematalogiclymi onamocrSrim,
ltall g [&dani agresivnl chemmakscapii
vedouo! k nestropard, namsilo wiznamnd
mncEst frensplantacd krestvornd tiaing
[pfedoviim pek alogennich Irensplentac
lorveteoime thand], zwEl g3 podet trons-
plantac! solidnich organd, vice nemoc-
nych Ja Méeno imurcsupneshmimi bl
= nefrienetich indikaci a feou kéam i ne-
mioen| ve waEich wikonych slkupingeh '

Frekvanca wiekybu irvezdenich mykotic-
kyeh infekes @ welml mald u nemocrych
s aofidnimi lumory & pohwiule Be pod
2 8. Rk wznku maydeoticks Infekcs &
zde wyenamng spojeno s inkeredou Sty
(3 nepwyEai frakwencl irmsasinich mykdez,
ketmrd s wiak pohybage masdmaing kolem

mocnéni plle, fonu, Fetnfku & ovari 4
Ahgoian! vEtginu phicadd (= 50 %) wofi
mazivnl lkandidoza, a to | v soudasnost,
na rozd] od nemocmch lédeswah pro ha-
radmicgickon maiignibu, Y vice nel 203
iB plsEnbend kmeny Candids s,
Maopak infskce vyeoland vidkmitymi hou:
baml jsou o tAohio nemooréch welmi
vadcng o

Zeela odiEnou situatl nachdzime u pa-
ciertl: & hamalologickou malignitou. Zds
56 Eivskoat ne cherskben oramoons-
i, iespektive charakiens a ntenzité proti-
rddonod Kby, petwbuie frakvenca v
Fhnich mykotickoych ksl od 2 % (napf,
atologn franspianiace vabvorne tha-
rlf} g 0o 15-25 % fnapf. indukdel Bdha
alnny lukéne neba alcoenni Tranaplan-
ace Kiaatucene EkAnd] =

Prévels u 90 skupiny onkologickych na-
mooych deslo ¥ napdtdim aménam va
spabiry Irezberdch mylode. Od zaldthos
deadesatych Bt mindého stolesl, kdy oe
razkifla meshnd profdae ukonszolam
u homtoonkolomckych nemocryah, b
vinke Wlesd incidence invazhmich kandl-
chte 10T ™ Tante pokles @ viak apdecben
o s wakytu Kendiddmd vweo-
laryeh Bukonazol ativymi kmeny keas-
ke [plockeiin Conolda sbwoans). fa-
opak w siang dobé dodlo k vwznam-
reéi procantuding s nardsiu infeko vw-
yolarch kmary & Wygokou rzistenci na
fukorazel {5 gabms & G, wuse), kisms
jso0 v spilasnd dobd piitnol wes nel
poloviry imvmeivnich kandidde ® Fezla-
tenca fachlo kmard na fukonazol s
wiak v rizrych pemich (@le | v rizngch
nemnenitnich gizenich) 1508 v S
repubice je plibkind 20-30 % kmend
Carighds giabvada a 90-95 % kmani
Carwiich imsa ra Mubgnadol ressterrich,
Profare lborazokam m Dosdes wakylu
rmvazivrich kandideweh indesbel u heama-

nich 20 fal Bwou viak dopmwazaeny -
rEZMYM NAnLstem incdence imazinich
rykeatickych mfaked wvolarngeh vidkni-
Pl TS Aot wiEnu
{Bdhio inlekcl pfedstavuie invazinmi as-
fergidzs, Kerd e ¥ soukasnd dobé nej-
Cost@ifi MyRadzou LTRSSV PO ak-
gared fransplertac kevabeord o™ 15
noiderca mleskc wevolangoh astainimi
wigkniymi houbami, a to pledeydim nva-
rhmi nygomdedoy (Mucor spp., Aot
Cov S, RoeE BRf] 0 mepiivr fusa-
rdzy (Fusadum sop,), e sioe riekd, s
Bibam poshednich rdkolks b8t puldss
wip velepch traraplniadinich cantrech w

zramné ramsta ! (Tab, 1)

Rizikové fuktory

Rizikové fuktory Invazivind
kamdidazy

Paclenti = akiivnim nddifowin ORRmoG-
mérT path z divodd rmunodeficenniho
stgvy splsobemaho: samotnou radorg-
vou ohorcbou (neutropenia, poEkobend
meegrty sitmic zplscbeng lrmio one:
mocrEnim 8 dalill megi jedinta & -
soHym rizbEm venil noeohormiiing ken-
didemis, Cald fada Kéebimch postupd
[kormikotarepia, akermitienmal, wiohkic-
dévkovany cylosineratinosd, saveden
centrdinho Hinho katétng) 8 komglikac
spoyamyon & nédonovol shorobol [mndied
seindnl. nwinost chinegickaho wisohu,
polnyt ne AP a protinddomavo B
Insubmopans, mukozitida, GeHD, moings
anbiiatices oy, kolonizace kmamy k-
Einesc na Slizricich) pak 100 Adiko ddke
VInaEmng ovyEuE. Vs erovrEn 8 onkolo-
gicieyrri nemooryml, kiefl nemaj vide
Frmindni phdaing riziove felkdory, pok o
kD InvaEzfen kenddory kadds thida ante
bigtik u nemocnyoh & makgritou v
|e 2herdt, cantraing #inl kesetr Tt mno-

2.5 % 50 salkivama U rddorowych one-  Ioonkolocickyoh nernecnyeh 28 posled-  hobeing kolonzace kvasinkami 10kt
Tab. 1 - Incldence invaziviich mykotickych infokel u jednotiivich skupin onkologickych
nemochjch!® & o

Onkaloglcks Trwaszivnil Aspergiloza | Kandidiaza Vzacna
onemacnéniietha mykdzy pied 2avedenim | po essden vidknité houby
celkom orofylzoe proflaxg [zygemykiza,
aroly azoly tusaridza a dalsl
alogenni trensplantace 16525 5% 10-20 % 15-25% <5% yzAchE
lervatvormé tkané -
gleutnd leukémie 1015 % 10 % 15-20% < 5% yEiCnS
autologn fransplantass 2-6 % <2% 10 % < 5% welmi wdond
krvatwoms tkdnd
oatatni hamatologicke < 5% VZACTIE 0 0 <2 % velmi vzaone
malignity & solidnl tumory
4w ywew, posigradmad. cr Paatorachailn medicns. 2007, 5 8.3
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» akudnd dimbjen 1Bkrik, Pobad ra JIP pak
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s e oYL o e prto dole-
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JEE 7 i dekeawgeh Talkior g oot vi-
cigirg, Da. prevent cpalimi [prede-
widn mcheck poudiaini: Birkospasinch
antiiolik, dAepdeni poid o ol kaldiny
 iimissnd docdriovani poatupd rabanu-
joich prenaay infelos rubarma. perscrl)
e 2 el Glsti srilil izl imvazhed
kandidazy ™ b, 2)

Ehellové Eakiory lnvaziviod
aspergllizy a lnfekel vivolunych
ostainimi vedenymi viakniymi
hanhami

wamimi aapergilaza poanhule dakeldn
mensi spekinem pacentd ve srovnani
& wazivni kandciiaou, D tietiny ne-
morpeh & invazivnl espergpldam tof
packenll & hmncogioion maligreo
[l nemocrych @derph franspian-
Tl krvabvorid tekod), BajvetBim riz-
lecrert) Takdorenm Qi fof werds jactecdy he
Fraboiogicks malgrits o e ethn !
takdory pvBuic righn U 16to Saipiny ne-
meich ukazuje Tab, 3

Pro bvwaafni opgomyeday @ fussiridzu

Posigradiging madicine, 2007, &, ¢, 3

apal plal, B8 e BT FEkowm
fukbaon o hermlologickd magnita,
vl franaplantace krealvomd Tkank
Frizon mvazhml. pygoinddey pak dale
ovydule GyHD a jell &t doyhodabs
leorikcierapie, birap O fabecoderinam,
diabelokd ketoackkes, mendnl selhdn
4 fupogice rakenatnukinin prackn v ne-
mescnicl. Foaledni prace 16ks ukazui na
uriit Topkend tizko sygormbery ph
dlounodobsam poddwin werkonazok, G-
robepekigho anBmykotig, ko wiak
i 2ygomyleey nenl e 153

Higrvmiri riikomeimi fakdbory rvazioe fusa-
rdzy fEm reulropanis o reekca Sdou
pentl hohitad o il Kadha; 2ajmana ja-l
POUPRG vty sk Kok 910

KHnické projevy

Klinkeke projevy invueivni
landidazy

tmvarni kandicdza probihs w W&me
pfipadl pod obrasem Rolovand k-
i, inicked warilesipon kandickdnmio
B0L sk VeI nespeci ke, WERTDU &
aveniufind seplicky eioy nereaguicl na
pockving Srokcepatnich antiiol, =

Frawg o okl lilo sluace wvchae
pringip emprckd anfitwlolické keCby
festerdrel romsbrrpm g~ Doredhky U feulD-
perckyeh namacmch nemsguicl ne
F el grochinirs Minskospatdrych ant-
b

Piibifnd u 16 % onkologichyeh nmmos-
rigeh 8 pautropan 8s v pribshy ireeimi
handiddey obje! makpanodudmi man
MNesSaeidg o oknizovan ra kondetindch,
g i byl | cululdiony a Saslo e -
mérionan a kooni poldkovoy alengickol
réaked TV Rstsecichd Estani A
mard pak prokade v hlubEch yetwach
denrie piilomrost baskokonid| a pseas
dotyd. &

Hematagenni castou misa infakce dise-
rmincr ok rEzREACh BEn 8 ongand
Tecrsticky mide dojt & postiSen| jkskoiy
thand, B potom tedy K moeod pRiznak (i
wyplywapcich = postifeny techic organd
LF nedtrapeniciych nermioomych, witsnou

‘& diouhodobou  hlupokou  nautropeni

[na¥ u namocnych Blarych pro skutni
teukEmill, 8 medaatdE formou 190 e
ficreh cheasinaod s kandekiey po-
sliten| jater, slepny a v néklamch pipe-
dech | leckin — trv. hapatoaplanicha kan-
diicies 17

Klinicke projevy invizivoi
nsperpildsy

wahiscam k infasdnd ol imekoe zak
e ian aapeng itza we valing pips-
dd pod obeazem prewnone, e k-
iy 5 % plipadl pak pod Chrazem sin-
sliicly. Indekea mithe résladng opdd dize-
rrirovel hematogenn e oo nejrke-
rigjilich orgdnd jaiea, GNS, ladving), Uhe-
maloonksogickich nemociich & ple
deviim pek v peciantd po Wensplantsc
krastworme teand & 18to diserminaci oo-
chazi we H0-50 % pfipackd °5 Obr 1, 2.

Klinické projevy invievmi
evgomylidey o fusorifry

Irvazivni Fpgomykosa typcky postiuge
rmocarpbeiinl oblagt. Ll neutrosgmckch
nemocech o vl majlan salkimo
& formnou picni. kMens dastd o pak post)
femn Hoini B gastrointeshinding, Tyeeckym
Proserm Dycpamy koo je vaskulami [phe-
devilim arteridni imvaze a reskedns trom-
boticmos oev & Infarzes 8 neloshzEc
akiamich e W ool Sostidan sa pak
bl pyogenn reakc . 1L homakooo
Ipgickych nemogrych nefcesbéEE, Izv
oo Torrre finivil Syponmddiy B nado
dopicsdiers fabrlnm slévm 8 angon-
VAR VB K oryciik disamingdi inlekcs oo
koniraiaberaind pice a daldich orgdnd, Ve
mi charsisterslickow viastros! o Ine-
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FivTll mrytoticka invdekcs e exirdmng proh-
I pooreds witSinou & fulminantmim #on-
o™ Wirschos ko pak uhizue et 4

ity i FrnCemDeEteninch nemaog-
i Msarizs posiuge viilinoe poue
rriste wetupy miknooraniama (eratilids,
exwychonkdea, kol inlekoa), U s
FemocTrich & Mermatciogickeou malignito
e 2 mesta valupe o0 Orgemer
(Rodnl [Ara, chiohac onsty) vaice rehis
rematogennig tisemimge,™" P disami-
mao ke mide bl postiben prakbcky
[akyRaliv organ, msoand ool s
solkiemn 5 postifenim kice (TO-00 %),
plic 2 peranaminch s [F0-20 )0
Cmamoonini 55 pak gk manfesioe
jakn febily sty neeaguiol na antibio

tickou |Btbu, wWitSnou soeiasnd & prou

o, SniEsiiaou nebo celltdal v mis-
& Kaini lBze, poxud tabe is braoes
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vatupu nfakoe. Jak g anndno wie,
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MaEC] charBldenstichy’ ki mzady) mnshi-
Batnpch bolostivech kodnich K [drobing
ulcerufiel 1&zn, podsodn’ noduly, erylémi,
leterg mchod veniat po oslem Hike, pradl-
lehdris vBak ria korabalmach 0. [Kinkky
pribieh cramocnan @ opit wittSnoog veli-
ca rychly,

Diagnostilka

Hsloricky byla ciegnoza wazioi myko-
ficke Infakee lmitovana koo Kinic-
kych priznabdl 2 Kulivagnim nabia histols:
R prkERem palogentu v ateriim
Knichkiéon materidle. Frimaky mvazhnich
mykite {Bou wE8H U Imunokompromito-
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Tab. © - Zobrazoveci metody & jejich pousiti pro diagnostiky invazimich mykotickych infekei
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Tab. 11 - Diagnostiks invazivni asporgildzy - vyuliti jednotlivich metod
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Tab. 12 - Diagnostika Invazivol fusaridxy a sygomykézy - vyulit] jednotivich metod
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Prehledny referde

Casna diagnostika invazivnich mykotickych infekci
u hematoonkologickych nemocnych pomoci
sérologickych metod

Z. Ragil', |, Koomanowd®, B, Wagnerovd', M. Lengerovd, |. Mayer
fntgemi hamatoonkologickd klinika Lékadsid fakalty MU 2 FN Broo, pracovidld Bohinics, prednaita profl MUDE fie Viarlivek, Che,
Chfdditen khinicke mikrabioftome SN Brao, procoviité Bohunice, prim, MUDE Afens Sovikod

Souhm: Invaznni mykoticke infekoe se béhem poslednich dvou dekad staly jednim z didlezingch faktord ovlivaugicich marbidicy
a mortaliou memaocngch s hemarologickou malignitou. PRestoe se v poslednich nikolika letech setkdvdme s ndrhstem incidence
invammmich mykaz spisobenych vzacné se wskytugicirm houbami, absolumi vétdina oportunnich mykouckych infekei je zpisobena
kmeny kandid a predeviim pak kmeny aspergilti. Casnd diagndza a zahdjeni déinné antmykotické létby md zasadnl vl na pro-
gnéru nermoc I'I:|:‘Ci1 v Fll:)l.'.lednl' dabeé doilo kvj-r:‘urlému puhnku pravé na Fru|i casneg di.:gnc:lsti k}' invazivnich mykw - vedle nﬂ'\-'ft:h
zobrazovacich metod je to predeviim rozvo) novich sérologickych metod. V nasledujici souhrnné prici pfinagime z3kladni infor-
mace o nejdaleditdjiich 2 nich a zejména o jejich wuldit v rutinnd klinicke prasi,

Kiigovd slova: hematologické malignicy - invazivnl mykortické infekee - sérologické mecody - galaktomannan - mannan - anci-
mannan - 1,3-f-D-glukan

Early diagnosis of invasive fungal infections in hematooncological patients by serclogical methods

Summary: Invasive fungal infections have become one of the major causes of morbidity and martality in hemarooncalogical pa-
tients over the past 2 decades, Even there i an increasing inoidence of invasive fungal infections caused by rare flamentous fung,
the majonty of infections are caused by Casdiae sp. and especially Asperpilivs sp. Early diagnosis and prompt initianon of anofungal
treatment are leading Factors influencing prognosis of patients with invasive fungal infecbion, Impoertant advances in the Neld of
early diagnosis of imasive fungal infections have been realized over the fast years. Beside of new radiclogical methods the major
progress has been done in serological methods. In this paper we review the most important of these serological methods and their
pasition in routine clinical practice.

Key words: hematological malignancies - invasive fungal infections - serological methods - galactomannan - mannan - anti-

mannan - 1,3-f-D-glucan

Divody pro vyvoj a pouivani
sérologickych metod

v diagnostice invazivnich
mykotickych infelci

Invazivnl mykoticke infekce predsta-
vuji zavainou infekéni komplikaci
imunckompramitovanych nemocnych
s nadorovim onemaocnénim. Ve srov-
nani s bakeridlnimi infekcemi je je-
Jich wiskyr jednoznadné méné Zascy,
na druhou scranu incidence invaziviich
miykatickych infekel nanista a morbi-
dita a mortalita s nimi spojend je v~
razid vl ned je tomu u infekel bak-
teridlnich. Pestofe invazivai mykdzy

990

postihuji celou skupinu nemocnych
s nadorovymm anemocnénim; je jejich
wyskyt u pacientd se salidnimi nddory
spife vzdcny. Naopak velice Zasté jsou
u nemgacnych s hematelogickymi ma-
lignitami, a to predeviim, je-li sou-
cast lecebného refimu transplantace
krvetvorné thidng [1,2).

Béhem poslednich dvou dekid do-
Elo k signifikantnimu nardscu frekvence
wyshkyru réchro infelci u hemartoonkao-
logickich nemacnych [1]. U béte sku-
piny pacientd se v zdvislost na cha-
rakteru onemocnini, respektive cha-
rakteru a intenzité protinddorové

lécby, pohybuje incidence invazivnich
mykdz od 2 % (napf. autologni trans-
plantace krvetvornd thing) a2 po 15 a2
25 % (naph indukénl lécba akutn/ leu-
kerie nebo alogenni transplantace
krvetvarne ckane) [3]. Vedle zvygeni in-
cidence invazivnich mykotickpch in-
fekelviak dochde | ke zmiéné ve spekoru
wvaldvagicich patogend, Od zaditku
S, ler minulého stoletl, kdy se u hema-
roonkologickych nemocnych rozsifla
masivil prafidase flukenazolem, trvale
Klesd incidence invasivnich kandidaz,
zepména vyvolangch na flukonazel cit-
lwgmi krneny kvasinek [4-6]. Naopak

Vinite Lék 2007; 53(9): 990-9%9
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Tab. 1. Mejwyenamnéjdi studie sledujici viznam detekee GM pro diagnostiku invazivai aspergildzy (IA) u hema-

toonkologickych nemocnych.

Price celliovy podet pacientt))  GM cut-off  senzitivita
podet pacientd s 14 index (%)
Magreens {1990} [20] 243/33 10 92,6
Maarcens {Z001) [21] 362/95 1.0 ga.7
Maertens {20402} [22] a7 10 97,4
Sulahians (2001) |23 797,53 1.5 90,5
Hesbreche (2002) [24] 797153 1.5 294
Renara (2004] [26] 74/8 1.5 75
Pinel {2003] [25] BO7/48 1.0 s0

specificita PPV NPV
(%) (%) (%)
95,4 a3 05
8,1 7.5 98 4
98,8 04,4 98,8
94 52 987
94,8 57,7 54,9
100 100 97
396 85 96,8

G — galaktomannan, 1A — invazived aspergiliza, PPV — pazitii prediltival hodnota, NPV — nagative prediktival hadnata

ve seejném obdabl dochdzl k wiraznému
narlsty incidence invazivnich infekei
vyvolanych viaknitymi houbami [4-6].
Absolucni vétsing predstavape invaavni
aspergiléza, krerd je v soudasné dobe
nepéastéil mykdzou u nemoceych po
alogenni transplantaci krvetvorné
tkané [7.8]. Incidence infekci vyvola-
nich astatnim vidknityrm houbarm,
a to prededim invazivnd zygomykdza
a invazivni fuzandza, je nadgdstl sice
stile nizkd, ale | tato béhem postednich
nékalika let 2vldseé ve vellych transplan-
tadnich centrech vyznamné narostla
(%1

Wysokd mertalita na tato onemoc-
nénf, anebo naopak dspéch lechy jsou
ovliviovdny celou Fadou faktord.
Micménd klidow viv na zlepieni pfesiti
pacientd s svazvni mykotickou infekel
ma fasné zahdjen! G&inné annmyka-
ackeé lachy jesté v dobé, kdy je nalox
mykotického patogenu mald a poiko-
zeni thani omezendé | 10,11, Bohukel
veasné zahdjent [&dby, kreré w2aduje
wasnod a co modna nejpf‘esnéjgf
diagndzu, zistdva nepwitsi prekazkou
a nejednou se stdvd, Fe je definitivii
diagndza stanovena ak ante mortem.
Klinické symprarmy téchta infekel jsou
totiz velmi vanabilni a nespecificksé
a dasto se rozvije)i az velmi pozdé. Kon-
venénl mikrobiologické metady (mi-
kroskopie, kultvace) jsou vEtdineu
v Easnych stadifch nevytéing. Histo-
lagicky prikaz infekce (pFestode stale
ziistéva zakladnim kamenem pro de-
Fimitivei patvrzeni diagnoezy), vwzaduje

Wnitk Lék 2007; 53(9): 990-999

invazivnl vykan, keery e £asto u trom-
bocytopenickych pacientd neprovedi-
telny. Komvenéni radiologickeé metody
jsou midlo senzitvni. Wijimku predsea-
vuje pouze vysoce roghidovach CT
(HRCT) v €asné diagnesnce plicnich
forem imvazivnich mykdz zphsobenvch
wlaknitymi houbami, nicméné CT na-
lez ndm ani v tomto pripadé nedokise
prindst informaci o plvodu eventudlnich
zmén v plicnim parenchymu [12,13],
£ wige uvedengho wplyvd potfeba
nowvych pristupl k éasné diagnostice
irvaziwnich mykotickych infekel, adad
pak v sauvislosn se skupinou nejvice
ohrozenjch nemocnych pacienti s he-
matologickou malignitou. Obdobi mezi
wznikern infekee a rozvojemn klinickych
piiznakd predstavuge terapestické
okro - pokud je oviemn v tamto ob-
dobl infekce pravidelngm screeningem
detekovana, mize byt £asné zahajena
agresivil antimykoticka lécba s nasled-
nym zlepienim prognézy nemocryych,
Tento rakzvany pre-emptivnl pristup
vyi‘adu,e rychlé, neinvazivni, senzithyni
a specifickeé diagnostickeé metody:
Tyto podadavky spliui v poslednich
letech s roaveicd mekultivadni diaghos-
tické metody, kreré obecné délime na
molekularné biologicke a sérologicke.
Metody molekulirné biologické vy-
ugivaji detekee nukleawch kyselin my-
katickpeh paregent pamaoc riznych
vanant polymerizové ferézoveé reakce
{PCR}). BohuZel pfestoe se zda PCR
detekce invazivnich mykoz velmi per
spekeival, doposud nebyla nalezena

standardni a oprimalni merodika, krerd
by byla vieobacnéji rozgifena, a tak do
dneiniho dne nelze vysledky mezila-
boratemni srevndvar, PCR metody tedy
zatim neni modno wulit jako diagna-
stické kriténum pro invazivil myko-
ticke infekee [14,15].

Druh skupina nekultvadnich me-
tod wukiva imunologickych nebo bio-
chemickych postupd k derekci cyto-
plazmatickych antigend, antigend bu-
nééné stény nebo proulatek proo nim
v séru nebo jinych télesnych tekun-
ndch. Tyto metady se souhrnni azna-
fujf jake sérologickeé. V rimci sérolo-
gické diagnostiky invazivnich mykdez
byla zkouzena celd fada postupd. MNic-
méné vetsiha uplatnéni a klinického
wiznamu dosahla pouze nékolik 2 nich:
derekce antigenu galakiomannanu
pro invazivni aspergildzu, obdobné de-
tekce mannanu a protolacek prot nému
{antimannanu) v diagnostice invazivni
kandiddzy a nove pak detekee antigenu
1,3-p-D-glukanu, krery umodiue
,,Parn"ungéln i diagnost:ku,

W této souhmné prac bychom chteli
informovat o moznostech laboratorni
diagnostiky pomoci séralogickych
merodik a o klinickém wu2iv tako
ziskanych visledkil v Zasné diagnostice
invazivnich mykotickych infekei u he-
matoonkologickych pacientd.

Galaktomannan - marker

invazivni aspergildzy (IA)
Galakbomannan (GM) je polysachand
bunééné stény aspergili a nékterych
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daliich hub, ktery se uvolfuje do oé-
lesagich telutin pf Mistu a invazi asper-
gilespch byl do thani [ 16,17, Pro de-
tekei tohoto antigenu v séru a ostat-
nich télesnpch tekutindch se wulivd
krysich monoklonalnich protilirek
EB-A2, ktere jsou wysoce specificke
pro [-1.5-galaktofuranoglove kence
aspergilového galakramannanu, Preni
komertni kit pro derekar GM byl po-
staven na principu latexové aglutinace
a uveden na rh v roce 1990 {Pastorex
Aspergillus). Vehledem k relativné vyso-
ki detekénimu limitu {15-20 ng/ml)
Je viak jeho poudivani spajeno s niz-
kou senzitivitou, Y roce 1995 byl pro-
to na trh uveden novy praodukt firmy
BioRad, ktery wyukiva ELISA metadiku
{Platehia Aspergillus), Jeha detekénl
i je wyraznd niZd (0,5-1 ngfml),
oo odpovida wrazné widl senzithard
[18,19]. Reakce je semikvantitativoi -
wysledek e uddvan jako index pozitivity
{IP), eod je pomér mez naméfenou op-
nckou denzitou a opuckou denzicou
kontrolniho séra obsahujictho pi-
blizné 1 ng GM/ml.

Prospektivnl studie sledujici deteke
galakromannanu jake markery inva-
zivnl aspergildzy u nemecnych s vyso-
keym rizkem veniku této infekce uka-
zaly, ze Platelia Aspergillus test ma
wsokou specificitu pahybujicl se v roz-
mezi B1-100 %, Extrémné vysokid e
také negativni predikovii hodnota
testu, kbera je v absolutni vétiing stu-
dii mad 95 %. Megatvni vysledek testu
tedy & velmi wesokou pravdipodob-
nostl wyluduje invazivni aspergildzu
a faleiné negativity jsou vedcné
[1219-25]. Ma druhou stranu senzi-
tvita a pozitival predikivnl hodnota
Jeou bohulel do uriing miry slabymi
misty tohoto tesu.

Senzitivita testu v riznyich pracich to-
¥ znafné kolisd, a to v rozmezi 30 a2
100 % [12,19-26]. PFigin kolisajici
senzitivity, a tedy fakror, krerd senzi-
i testu ovinediu)f, je nékolik, Prenim
bodem je hodnota v, cut-off indexu
pozitvity {cut-off IP), tedy hodnoty
indexu poativity, od kieré je vzorek
opnaden jako pozitivei, Maertens et

992

al, ale i daldi aurofi prokdzali, Ze sni-
Feni cucoff =z I'IDI:ITID[’}' IP= 1.5 na
hodnotu IP = 0,5 vede k vyraznému
avjden( senaitivity testu phi scudasném
jen mirném zhordenl jeho specificity
(82,7 % vs 96,5 %) [27]. Toto snifen(
cut-off indexu pomovity je- dilefine
predeviim u nemocnych, ktefi dosta-
vajl profifakticky antimykotika s efek-
rem na viiknité houby a u nemaoc-
nych po transplantaci krvetvorné
tkané = reakcl irépu proti hostteli
{GvHD). U abou téchte skupin pac-
enti je mykotickd ndlog nizkd a prota
pri uditi vyiiich hodnot cut-off 1P by
tire nemocni byl faleiné crnadeni za
negativri 2 naopak pii cut-offIP = 0,5
Jje test dokabe spravné oznadit za poi-
tvnl [28,29], Druhym fakuorem ovliv-
fiujicim senzitivitu je frekvence a pravi-
delnost vySetfovani. Maxmalni senzi-
ity je u vysoce rizikovych nemacnych
{pacient: s akutni leukemil podstupu-
Jied indubkdni nebe reindukéni 162k,
nemacn( podstupuich alogenni trans-
plantace krvervorné thidnd, avldsté pak
pri ronvaje reakce Stépu proti hostiteli)
dosa¥eno, jestlide jsou odbéry krve
pro deteka GM providény pravidelnd
a o 2-3krdr ydné & potom minimal-
né 1krat ppdné po propuiténi z hospi-
talzace, jesthize nziko invazivnl asper-
gildzy trvd (napf. pfi pfitomrosti
chronické reakce Stkpu pron hostiteli)
[19,30].

Druhym slabym mistem je pomtvni
prediktivii hodnota (PPY) testu (&6
pazitivel wsledek spravni cznad ne-
macného s invazival aspergilézow)
PPV kolisd v rizngch pracich v rozmezl
50-100 % [12,19-26]. Opét se serki-
wvame s celou radou fakrord, které
PPV restu ovliviugl, Prvnim 2 téchio
fakrorl je incidence 1A ve vyletfovand
skupiné pacientll. Pravdépodobnaost,
Ze pozitvni vysledek testu oznadi sku-
tecné nemoconého pacienta, j@ nepyss
we skupindch nemoctich s nejuwls in-
cidencl invazivni aspergildzy a thom jsou
predeviim nemacni s akutni leukemil
a pacienti po alogenni transplantaci
krvervorné thdn® (incdence |A je zde
10 % resp. 20 %), U ostatnich skipin

paciencl, kde je incidence |A nizkd (ne-

mocni s lymfomy, mnohodetnym mye-

lommemn, chronickimi leukémiemni a neba
pa autolegni transplantac krvewvarné
tking), je wznamnd nigi | PPV testu

[18]. Druhym fakrarem: ovliviujicim

PPY a specificitu Platelia Aspergillus

testu, je krténum, které amadl pace-

enta jake pozitvniho (jednorizovd vs
opakovand/kensekutival pozitivita
vzorku), Maertens et al wyeudil test

k prospektivnimu sledovani nemoc-

mych s vwsokym rizikem invazivni as-

pergilézy a prokdzal, 3e jak pfi pouli-

tf cut-off indexu pozitvity 1,0, tak 0,5

specificita testu wwenamné naristé,

pokud je nemecny oznafen za sku-
tedné pozitvmiho a pri poztivicg

2 vzork( jdoucich za sebou (85,4 %vs

98,5 % a 85,1 % vs 98,6 %) [22,27].

Koneéné nepyznamnéiim Faktorem

ovlivAujicim PPV testu je pritomnost

falesnpch pozivvic. | pfes poufivan(
konsekutival pozitivity, je a2 20 % po-
acivaich wisledkd faledng poativnich

[18]. Pricin faleinych pozitvit Platelia

Aspergillus testu je cela fada a mo-

hau byt rozdéleny do 3 skupin:

a) koncaminace vzorku pfi odbér
nebo zpracovini,

b} prinik anugenu {pravého nebo
zhfizené reagujiciho) pfes podko-
zenou nebo nezralou shznici za%i-
vaciho trakiu,

c) reakce s antigenem (pravym neba
zhiizené reagujicim) v cirkulaci

[18,31,32].

Mejwenamn@sl pRicing faleiné po-
zitivity ukazuje tab, 2, Odlifen| faleiné
pozitivity od pozitivity skutedné je
casta nesnadné. Kontaminac vzarku
am pomize idenufikovar jednak re-
test pozitivatho veorkuy a jednak ji2 vwie
zminény pofadavek na nutnost mini-
malné 2 pozitvnich vzork( pro ozna-
ceni nemocného jako skutedné pos-
tvnihio, V astatnich plipadech je nuina
jednak znalost maoZnjich pFidin faleiné
pozitivicy lekafem, ktery provadi inter-
pretaci vysledkd, ale predeviim pi-
tomnost jinych mamek invazivni as-
pergilézy (Khinicky stav, zobrazovacl

VinitF Lek 2007; 53(9); 990-999
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Tab. 2. Priginy faleiné pozinvity Platelia Aspergillus testu.

Faleind pozitivita

Mechanismus

1. Koneaminace vzorku pfi odbén nebo zpracovani vaorku

*+ kontaminace vzdudnymi sporami
Aspergilics sp. 2 Pemicllium sp.

= konrarminace vatou :naph pFi
desinfekei misca odbéru)

derekce G z kontaminujicich
wldken aspergilil a penicilil
zkfitena rekce

= glukopyranozowmi zhytky

2, Prinik antigenu 2 GIT pfi postizeni nebo nerralost GIT

* piredéasné narozens din,
POVOIGZENC]

+ mukezitida, strevnl GoHD

3, Reakee s antigeny v arkulac
* infekce Pericilfum sh,

= penicilinovd ATB (piperaciling/
tazobaktam, ampicliing amexicling
lelavulandt od nékterch wrobed)

prinik antigeni z Bifidobacterion s,
pres nezralou mukdau a skikend
reakrivita polysachandd bunééné
stény bifidobakteni s EB-A2

prinik GM ze stravy ples

poskorenou miukdzu

zhfizena reakce

s polysachandem penicilii
reakce s GM kentaminujiciom
semisynteticka penicilinowa ATE

4, Ostatni - zmifiované, ale neavifend pFiimg

* cyklofosfamid
= bakreriemie
* paraprogeinermie

* rransfuzni pfipravky a kreuni deriviry

Poznamky Reference
sporadické pomitivicy, 157]
k odliten| slou retest vzorku
w laborarofi a vyserfeni EES]
opakavaného odbéru
[39]
GM obsaten v celé fadé potravin [600,61]
{néstoviny, ryde, kyselé zel a dalsf),
viTdinou soudasné s postdenim
GIT nutny alespod ddsrednd
zachovany perordlni phjem stravy
[32]
Klinicky nejdastisi a nepyanam-  [18,62,63]
néjsi pricina faletnych pazitivie
[32]
[32]
[64]
155]

oM — ga\k:lktumanm, G — Easirr.unr_rjfmdl'm'uakt, ATB — antibpotika

merody) a nebo alespof pfitomnost
nzika pro jeji vznik {napf. nemocny
po alogenni transplantac krvetvorné
thdné), Klinicky nepwenamnél pricing
maoinych falednych pozitivit testu jsou
pozitvita pfi poddvani penicilinowich
antibiook {piperacilin/tazobaktam,
ampiciling, nikterd amleci]inyjHawuh-
nity) a pozitivita pH postideni zakva-
ciho rakoa [ 18],

Derekee GM pomoci testuy Platelia
Aspergillus prinadi nékolik klinicky
velmi dilezitych vihod.

GM mii2e byt ph pravidelng prova-
déném monitoringu zachycen v séru
nemecnych s invazivnl aspergilézou
ve velmi casném stadiu infekce, dasto
pred rozvajern symptomi nebs po-
dezfelych radiologickych abnormalit.
V praci Maertense et al pfedchdzela
pozitvita G v séru u 55 % nemoc-
nych rozvo) febrilil, 2 to s medidnem
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3.5 dne, u B0 % paciench abnormali-
tu na RTG a nebo CT plic s media-
nerm 8, resp. 6 dni. Pravdépadobné
nejdileficdim Fakiem viak 20stdvd,
Fe pontivita GM predchizela u tém@k
90 % pacientd s medidnem & dni za-
hdjeni ucmné ancimykoticke léchy.
Pravidelné provadéné wietfovani GM
u nemacnych s vysokym nzikem 14 tedy
umaéni o Fadu dni zkrdut interval do
stanaveni diagndzy 2 do zahdjeni po-
davani ucinného antimykorika a tak
wyraené alepdit prognasu téchte pa-
cientd [11,12]

Dalsi velkou whodou GM je mod-
nost diferencidlnf diagnostiky abnor-
malit na HRCT plic. Obraz imvazivii
aspergilézy na HRCT, prestole jsou
popisované nékteré charaktensticke
zridmmiky [halo sign, air crescent sign),
miiZe byt velmi vanabilni a pf negari-
wite konvenénich mikrobiologickych

merad (kulovace, mikroskopee ze sputa
nebo tekuting z bronchoaheolarni la-
viZe) je zisteni mykotické etiologie
procesu velmi obtitng, ne-li nemoing
[33]. Je-h vEak abnormalica na HR
CT doplnéna soudasnou pozitivitou
G ze séra, pak jsou jiZ splnéna kn-
téria pravdépodobné invazivai asper-
pildzy dle EORTC/MSG (European
Organizanion for Research and Trea-
ment of Cancer/ Mycosis Study Group),
a mohou rak byt ihned podana ant-
mykatika s Oginkern na kmeny asper-
gl [30,34], Konednd, na rozdil od
HRCT, mide GM detekovany v sén
[resp. wvoj indexu pozitivicy) slougic jako
marker lécebné odpovéd a nebo na-
opak selhavini svalené antimykotické
lécly [30]. PR efelaivnl antimykoncké
l6ébe hodnata 1Py pribéhu by klesd,
a naopak pi jgjim selhavdn/ hodnota
IP intenzivné nardsta, a dojde-li k vice
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nez dvojndsobnému nardstu 1P po
1 tydnu antimykoticke éby, je s vice
nez 90% jistotou zvaleny lécebny po-
stup neddinng [35]

Prestode je Platelia Aspergillus test
uréen primamé k wietfovdni séra, lze
pomoci néj detekovat GM | v jinych
télesnych tekutinach, eventudlng v thd-
nich [36]. Protode invazivni aspergi-
Idza je ve vétiing pFipadd inhalagni
infekel a primarné jsou postizeny plice,
neni prelovapent, Ze nejtaseéji vyietio-
vanym materialem jinym nez sérum je
tekuting ziskand bronchoabeoldm/
lavd#i (BAL), Detekce GM z tekutiny
ziskané BAL je spojena se senzitivitou
pohybugici se od 60-100%. Senzitvita
Je opét weREl pesthide je poulit jako
cut-off dnes doparudovany IP = 0.5,
pFidemd specificita restu zdstivd stile
wysoka (94 %) [37]. Whodou detekce
G z tekutiny ziskand BAL je piede-
VEIM vznamnd s senzitrvita a cas-
nESi pozitivita ve srovndn( s konvend-
nimi mikeabiolegickymi metodami
pouzivanymi k detekci 14 = materialu
ziskaného BAL (kultvace, mikrosko-
pie). Jsou popsdny pipady, kdy pozi-
nvita GM 2 rekutiny ziskané BAL
predchizela pozitivicy GM v séru, Tyto
nalery od |:||:M'|:|aj|' patgenen plicni
formy invazivni aspergilzy. V béing
klimické prax, kdy vitdinou provadime
BAL v pFipads ndlezu plicnich infiltratd
nazobrazovacich metodich, je &asowy
rozdil mez pozitvnim zachytemn G
z krve a z BAL vitEinou minimalni,

Daltim materdlern, ve kterém ge
Easto GM derekovin, je mozkomitng
mok, Postizeni centrilniho nervowvého
systému je vétdinou soudasti disemi-
nace plicni formy 1A, spige wimecné
jde o izolované postifeni, Detekee GM
z mozkomiEniho moku u nemeocnych
s postizenim CMNS je spojena, na roz-
dil od velmi casto negativni kultivace,
s velmi vysokou senzithvitou pohybujlcl
se mezi B0-100 % [38.39]. Pozitivita
GM 7 mozkomitniho moku (samotni
nebo spolu s pozitvitou GM v séru)
je tak vedle klinického a pfipadné i ra-
diologického ndlezu jeding mikrobio-
lagicky marker, ktery miZe vést k dia-
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Tab. 3. Detekee galaktomannanu - Platelia Aspergilus - souhm,

Indikace
« pravidelny monitoring minimalng 2-3krdr za giden indikovin o pacientd
s nepsim rizikemn 1A {alogenni HSCT, GvHD, neutropenie phi léche AML)
= u ostatnich hemarologickych nemocnych indikevan odbér ph febnliich
nereagujicich na antibiotka nebo rozveji plicnich infiltritd

Int:l'pr!l:ang

= jako pozitieni je se omadupe vrorek s [P > 0.5

* jako pozitivel se asnaduje nemocny s minimdlng s chtma veorky s IP > 0,5

= kaddy preniveorek s 1P > 0,5 by mél byt v laboratofi retestovin pro odlfeni
laberatorn kentaminace

= kazda ;;lrl\mll pnzitiw[..‘; by méla L))]'I: overend odbéremn daliihe veorku
¥ co nejkratdim dasovém intervalu

Vipusiti
= ¢asnd detekce imvazivl aspergilozy
* diferencidini diagnostika plicnich infilrach
= monitorace [ééebné odpovidi na antimykotika
= rizkové body:
a) modnost falefnych poziowic
b) faleiné neganvity [sou spiée vzdcné
) nizkd {hraniéni) hodnory weledkii lze ofekdvar u nemocnych = profilad
anumykouky s udinkem na vlaknite houby

Dalii matenidly vhodng k testovini

Idreif bvdd, CNS — cemtrdlng nervowy spstdim

= tekuting ziskand z BAL - diferencialni diagnostika plicnich infiltrinh, modnose
casnéii pozitivity ve srovndni s detekel GM v séru
« mozkamiini mok - diagnqstika pl;l-i.L'n.!,enl' CMNS inwanivni :u.pergilriznu

1A — ymazin( aspergities, HSCT — bransplontace krvetvarnd tedmé, CvHD — reakee fdpw
oty hastitell, AML — ahibn! repelosdnl lewkermie, 1P — index postioty, BAL — bronchalven-

gndee postieni CNS invazival asper-
gildzou [38]. Je viak nutné s uwidarmit,
Ze i phi plicni formé 1A (bez pasnZen(
CMS) miie &dst sérového GM praoni-
kat pfes hematoencefalickou banéru
seejni tak jaka made dojit k| konrami-
naci” mozkomitniho moku GM z krve
ph hemoragickém adbéru vzorku |ik-
voru, P pozitvity GM v mozkomignim
maku viak v tichte pHipadech byvaji
wyrazni nizi [30,38].

Derekce GM z jinych célesnych teku-
tin eventuedng z tkani byla sice testo-
vina, nicméné interpretace vysledkd
neni v soudasné dobé jednomd (30).

Mannan a antimannan -
diagnostika invazivni kandidézy
s)

Sérologickd diagnoestka invazivni kan-
didizy {1C) je na rezdil od invazival as-

pergildey (IA) machem sloBitdi
Frestode rizné metodiky pro sérolo-
gickou diagnostiku 1C byly testoviny
jizod 80, let minulého stolet, jsou pub-
likované zkuienosti mnohem spora-
b, ned je tomu U invazivel asper-
gilézy (IA). Hiavnim problémem je
sleditd interpretace wysledkd, krerd sou-
visi s parofiziologil IC, kterd je dyna-
mickym procesem. L hermatoonkolo-
gickych nemochych predstavuje venik
invazvn| kandiddzy kontnuum od ko-
lemizace nemocného pres postupny
prinik kvasinek razmym stupném po-
Ekozenou mukdzou al k jednoznadné
infekel krevniho Fedifeé a tedni [40],
V pribéhu wivaje byda tescovina Fada
marker wuzitelnych pro fasnow dia-
gnostku IC {enolaza, heat shock pro-
teiny, arabinitel a dalEi), nicméné Sir
Stho klinického wusind dosdhly jen dva
testy (komeréng dostupné) - derekee
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Tab. 4. Mejvjrnamnéjéi studie sledujicl vznam detekce mannanu, anti-
mannanu a jejich kambinace pro diagnostiku invazivni kandidézy.

Price senzibivita
(%)
Mannan
Sendlid et al {1909) [42] 40
Eloy e al [2002) [66] 43
Rirnek et al {2004) [67] &7
Rirmek er al {2004} [68] 73
Chen et al (2004) [69] 30
White ex al {2005) [70] 75
Antimannan
Sendhid et al {199%) [42] 53
Persat et al (2002) [45] 95
Mannan + antimannan
Sendid et al (1999) [42] B0
Chen et al (2004) [&9] E1e]
Prela et al (2005) [71] 29

PPV — poaitival prediktive hodmota, NPV — asgutietd predifion hodaols

mannanu a protilatek prot nému, tov
antimannanu.

Palysacharid mannan je spolu s glu-
kany hlavni komponentou bunééné
stény kvasinek. Na rozdil od glukani je
viak vazan kevalentnimi vazbami na
proteiny bunddng stémy a je vysoce imu-
negenni [40], V pribéhu invazivei kva-
sinkavé infekce dochaz k uvolfovani
mannany do télesnych tekuon, kde
pak mize byt detekovén, Jeho bialo-
gicky polodas vk je viak velmi krdcky
{pohybuje se v hodindch) a pokud tedy
ma byt zachycen, je nutny frekvenmi
odbér vzorkl krve [41]. Pro deteka
mannanu je wudivina moneklondlnf
protldtka EB-CA1, rozpozndvajicl
u-aligomanosove zbytky. Inicidlng (po-
dobné jako u galakromannanu) byla
tato protlatka poufita v latesové aglu-
tiraci {Pastorex Candida). Ohiem de-
tekéni limit této soupravy je opet re-
lativng nizky (1,5 ng/ml} a senzitivita
testu rak pedostatednd. WV soudasné
dobé se mannan detekuje pomod
sepzitiviipd] ELISA metodiky (Platelia
Candida Ag) s limitem 0,1-0,5 ng/m|
aza poztnni je povadovin vzorek s ken-
centraci mannanu vétéf nez 0,5 ng/ml.
lzolovand detekce tohoto antigenu
pro diagndzu invazivil kandidazy je
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specificita PPV NPV
(%) (%) (%)

98 &5 B4
]
49

7

o4 72 &7
52

93 78 93
92-100
B4 Ba a8

viak i pres pougiti ELISA metodiky §i-
mitovana nizkou senaitivtou, kierd se
pohybuje v rezmezi 30-70% (cab. 4)

Existuji dvé hlavni pFi&iny.

Predeviim je to tranzientnost a rychia
eliminace mannanu 2 cirkulace a tak
nejsau-li odbéry provadény dosta-
teéné £asto, nemusi byt mannan wibec
zachycen, Prikladem miize byt prace
Sendida et al, kde byl mannan ve sku-
piné nemocnych & 1C, u keerych byla
k dispozici nékolik odbénd, zachycen
ve 40 % pFipadld. Ale pokud byl od
pacienti ke dispomc FlOLﬂ‘:eJEdEn vzo-
rek krve, byla senzitivita testu pouze
1% [42].

Drubym fakeorem, ovlivitu)icim sen-
zitwitu, je rozdiing schopnost testu
rozpoznavat iizné druhy kvazsinek. Mo-
noklondlni protlatka EB-CA se vaze
a-oligemandzove shytky sloZené 2 vice
Jak 4 mandz. Tyto jsou prezentoviny
ve velkém padtu na povrchu Candida
albicans, Candida glabrata a Candida tro-
froalis, ale v daleko meniim mnoZstvi
na povichu Candida pardpsiloss, Candida
kruser a Candida kefir: Z véchro didvodd
Je senzitivita testu pro detekel 1C zpd-
sobené poslednimi themi jmencvanymi
druhy velmi mald a pohybuje e pouze
kolem 30 % [40], Specificita testu pra

Casnd diagnostika invazivnich mykotickych infekel u hematoonkelogickych nemocnych

detekor mannanu kolisd, ale ve véiiing
praci se pohybuje nad 90 %. Prestoe
faleina pozitita nebyva dastd, mize
existoval U neatropenickych nemee-
mich s mukozitidouw v distedhku praniku
antigend kolanizuyicich kvasinek pfes
poikorenou baréry zafvaciho trakiu
[43].

Podobné jake galaktemannan |ze
i mannan detekovar pomoci Platelia
Candida Ag testu také v jingch téles-
nych tekutinach nei v séru. Dosavad-
i zhudenosts jsou viak jen omezend.
Mepvice je wulivina detekee 2 mozko-
miintho moku pro diagndzu kandi-
dowvé meningitidy; kdy |e test pozitivn(
azve 100 % pripadd [44].

Mannan je vysoce imunogenni mao-
lekulou a v organizmu vede k rychlé
rvorbé protildtek viech thd - v, ano-
mannani: Antimannan pak opét mize
byt wyuzit v diagnostice invazivnl kan-
diddzy, K detekal antimannanu slou-
¥ nejdastd)i ELISA metedika, Prestole
jsou komeréné dostupné testy pro
stanovenl protilitek jednotlnych tid
(1gG, IgA, Igh), vétsi senzitivitu péi-
nédi a tak i rozdifend|si e vest deteku-
Jied celkove pronldtky pron mannan
(Platelia Candida Ab) [45]. Vysledek
e ozmatovan za pozitivni, jestlize kon-
centrace protilatek presahne 10 ALY ml
[Arbitrary Unies). Senzitiviea i specifi-
cita samostatrd pougitthe Platelia Can-
dida Ab pro diagnosolu invazini kan-
diddzy viak v riznych pracich znacné
koliss (od 50 do 90 %) [42]. Nizkd
senzitivita testu je ddna predeviim
omezenou schopnostl tverby protild-
tek u imunokompramitovanych hema-
toonkologiclkych nemocnych [40].
Drubym faktarem smizujicim senziti-
witu je opét {podabng jaks u detekee
mannanu) omezend schopnost dece-
kovar infekci vwwolanou kmeny Candlida
parapsilozis, Candida knesel 2 Candida
kefier (test pouiivd jake antigen mannan
z krnenl Candida albicans, krery md jen
omezenoy reaktvitu s protildtkami veni-
kajicim pfi infekei témito kmeny kva-
singk) [40]. Hiawnim problemem je
viak nizkd specificita testu. Velkd cdst
pemocnich | pes svou imunosupresi
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Casnd diagnostika invazivnich mykotickjch infekei u hematoonkologickych nemocnjch

Tab. 5. Nejvznamnijéi studie sledujicl vznam detekee 1,3-f-D-glukanu {Fungitell} pro diagnostiku invazivnich

mykotickych infakci.

Price

Koo et al {2006) |53

Koo er al {2006} {53

Pazos er al (2005} [52]

Pickering et al {2005) [54]
Oiserosky-Zeichner er al (2005) [51]
Osrrosky-Zeichner er al (2005) [51]
Odabasi ec al (2004) [50]

cut-off (pg/ml)  senzitivita (%) specificita (%) PPV (%) NPV (%)
> 60-80 73 88
> BO-100 63 91
=120 CE] &9 70 95
= 80 93 77 52 97
=60 70 E7 84 75
=80 6 92 &9 T
= 60 100 50 43 100

PPV~ poitivnd predictivni hodnoba, NPV — nogatived predictivn hodnoks

reaguje na zvienou kelonizaci kvasin-
kami (pFedeviim v oblast GIT) pravé
wvorbou antimannany; a to | ve vyso-
kém otru i bez klinickych znamek
imvazwnl kandiddey. Jednomadné ozma-
cenl echra wisledki za serikimd faledng
pazitvnl je viak spomeu orizkou.
Venik invazivnl kandidézy je, jak vwige
zminéno, dynamicky proces a koloni-
race nemoeného kvasinkami je nezd-
vishimn rizikevym faktorem provanik in-
fekee, Je tedy spife orazkou, zda od me-
tody ofekavame éasnou a nebo jistou
diagnazy invazivni kvasinkové infekee
a dle toho to bude cut-off hodnoty
wysledku restu, koeré bude délici carou
mez dobrau senzitvitou nebo dob-
rou specificicou testuy [40].

S cllem awilie senativitu obou testd
publikoval v roce 1999 Sendid et al
praci, ve které vychazl z biolagického
wyskyty mannanu 2 antimannanu
v krvi béhern infekee a pro casnou dia-
grostiku poudil seufasnou kombing-
vanou detekci téchro markerd [42]
Zatimeo senzitivita ph detekei izolo-
vaného mannanu nebo antimannanu
byla velmi nizkd (40 % resp. 53 %), po-
kud byl pacient menitorovan soudasnd
obéma testy a za pozinvniho byl ozra-
cen nemocny s pomovicou bud man-
nanu, nebo antmannanu, pripadng
obou, pak senzitivita narostla a2 na
80 % pfi stdle uspokojivé specificitg
(94 %) [42]. Podobnych wisledkd
pozdéy dosahli @ dalsi autof (tab, 4).
| pres nesparné whody tohoto pii-
stupu se zde stdle setkdvime s jiz zmi-
fovanymi slabgmi misty obou restd:
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a) falebnou negativitow mannanu | ano-
mannanu pi infeke wvalang nikee-
rymi non-albicans kmeny kvasinek,

b) faleinou pozitivitou antimannanu
u kalonizovangch nemacnych.

Je redy zFejmé, Je jednoznadiné po-
staven! (byt kombinované) detekce
mannanu a anbmannanu v diagnos-
bee invazivni kandidezy nenl mokng
v dnedni dobeé bez daliich rozsdhlesr
praci pevné stanowir.

Detekee 1,3-f-D-glukanu -

spanfungilni® diagnostika

1,3-f-O-glukan (BG) je jednim 2 hlav-
nich polysachandd, krery obsahuje bu-
nécna sténa prakoicky viech mykorc-
kych patogend. Je specifickym antige-
nem Rub a revpskytuje se v burkdch
bakeénl, virl ani bufkich hidskych.
Jako integralni souddst skeletu bu-
nééné stény hub je zde daleko pevndji
vazdn, ned napr. ga|akt0rn annan neba
mannan & do tlesmich tekutin se prota
wealfuje jen ve fiz rism mykorického
agens, a to navic ve velmi malém
mnozst [46]. BG mize byt detekovan
v telesngch tekutindch phi invazivni
infeke 2plsabend jak kemeny kandid
a aspergild, tak také pii infekel zplso-
bené vzdcnymi patogeny, jako je Fusa-
riwm sp., Acremoniunm sp., Trichosparon sp.,
Saccharomyces sp., ale také napfikiad
Prigprnocystis jiroveed, Bohudel vehledem
k malému mnodsed BO v sténé a ple-
deviim k minimalnimu uvolfowani z ni
neni BG v télesnych tekutindch dete-
kovatelny pi infeker wvalané krypto-
koky a sygomycetami (Mucar sp, Ri-

20pus 5p, Rhizomucor sp ) [47-49], K zd-
chytu antigenu v télesnych tekutindch
se poudiva koloromerrického testu za-
lozeného na vastnoss BG aktivovat
tzv, faktor G, ktery je souddsti amé-
bacyrl ziskangch z klepltkarcd ostro-
repa amerického | Limulus poliphamus)
nebo ostrorepa yychodoasijského
[Tachypless tnidentatus). Faktor G se
v pfitomnost BG akuvuje a kracks
kaskidovd reakce je vizualizovand po-
moc/ chromegenniho substrifu. Md-
sledné je méfena rména opncke den-
oy v case (kineticka reakee) a nebo
koncowd aptickd denzita {endpaint
reakee) [ 19]. Exstuje nékolik komeréné
dostupnych testl k detekea BG, krerd
se mirné technicky ligi, nicmené v Ev-
ropé a USA je nerozdirendsl Fung-
tell™ (Cape Code). Vehledem ke swé
wpanfungalid” se Fungitell™ test jevl
jako velice zajimavy pro fasnou diag-
nostiku invazivnich mykdz. Na dru-
hou stranu nejsou zatim zkutenast
5 testern takové, aby mohl by jedne-
znadnym knériem pro stanoven(
diagndzy invazivni mykotické infekce
v bézné ldinické prasi.

Senzitivita Fungitell™ testu kolisd
od 64 % do 100 % [50-53], a to ze-
Iména v zdavislosn na hodnoté cur-off,
od kieré je vzorek oznacen jako poz-
tivni (tab. 5). V souéasné dobé se do-
poruduje jake pozitvni cznadit vzo-
rek s naméfenou hodnotou Wil ned
80 pg/ml a nacpak za negatvni wzo-
rek s hodnotou pod 60 pg/ml. Pres-
tode detailni kinetika BG pf imvazvni
mykdze neni ndma, jsou popsany
pripady, kdy k wiznamnému ndrism

WnitF Lék 2007; 53(9): 990-999

263



B dodlo béhem 5 dnf. 2 échro di-
vodl je pro fasny zachyt invazivni
mykotické infekee doporucovan od-
ber keve minmalng Zkedr tedné [19]
Pravidelny momitoring wsoce rizko-
wich nemocnych ve wie zminéném
intervalu miZe wenamné zkratit dobu
do stanoven! diagndey. V praci Pazo-
se et al pozitvita BG pedchizela roz-
voj febnlii s medidnem 5 dnd, preni
klinické priznaky mykozy s medidnem
11 drid, nalez na HRCT = medianem
9 dni a zahdjeni antimykoticke léchy
dokence s medidnem 14 dnd [52],

Uspokojivd je specificita a pPede-
wiim MPY testu, kreré se pohybujl ko-
lem 90 %, resp. 95 % { 50-53). Phi nega-
treniim vysledha tedy mizeme s velkou
pravdépodobnoest invazivel mykdzu
{5 vyjimkou zygomykdzy a kryproko-
kové infekee) wloudic.

Podobné jake u detekce GM
| v tomte testu se setkavame s velmi
kolisavou PPY (od 40 % do 90 %)
& opét je hlavni pfidinou mednost fa-
lefngch pozitivit [50-53]. |ako moine
piicing faleiné pombivity byly popzény:
hemodialyza ¢ celuldzovou kapsli
[19], grampozitivil bakeeriemie |54],
wransfuzni piipravky a krewni denviry
{predevaim intravenomi globuling, al-
bumin, keagulaéni faktory a pfipravky
s poulitim filtrace pfi wrobé) [54],
kontaminace gazou [54] a podivini
nékrerych antbiotk {amaoxicilingkia-
vulanar, ev. imipenem, gentamicin
[53,55). Mutno viak pfipomenaut; fe
Jen v nitkterpch 2 vide uvedenich pii-
padi byla jednoznacng prokizina pF-
tomnost kcntam'rnujl'dhn gluhnu. Ma-
opak nelze (vzhledem k panfungalitg
a vysoké citlivost testu) s jistotou vy-
loudic, 2e mohlo jit v Fadé pripadi
o pacienty se subklinickou invazivnl
mykotickou infekel. Test je obecné
velmi nachylny na kvalitu laboratar-
niho spracovdni. Viletfenl e provadi
2 minimalnihe maoksad séea (phi-
blizng 5 pl)y a doporuduje se poufivar
specidini odbérové sery a laboratorni
materidl neobsahujici glukan, Picke-
ring et al také popsal postupné na-
ristajicl pozinvity vzorku zplscbe-
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now pouze opakovanym pfendsenim
vzorku séra do transpartnich zkuma-
wek | 54 Vaechny zminéné fakrory pak
mahou relativmé snadno ovlivere v-
sledek restu a wiarfeni je tedy vhodné
provadét v laboratofi se zkuienostmi
= touto metodikou.

BG v diagnostice invasivnich miyloo-
tckyeh infekel prindsi nékolik wy-
znamnych whod. Podobni jako u ga-
laksomannanu i zde lze pomod vwvaje
hodnot BG sledovar lecebnou odpa-
vid na podand antimykotika. Mavie
wiak tato korelace byla vedle invazivni
aspergilGzy popsina i uinvazival kan-
didazy |54-56]. Ddle je nespomou
whodou testu jeho panfungalia
Teareticky by ndm jediny test dokézal
zachyrit jak invazivni aspergildzu,
kandidézu a fuzaridau, tak i nékeré
daléi vzdcné imvazivni mykotickg in-
fekce véetné pneumocystove pneumaos
nie [19] Ma druhou strand je nutna
optt plipemenout, e test nezachytl
nemocné s invazivni zygomylkdzou
a kryprokokovou infekcl. PR poziovicé
Je navic nutné provest dalsi labera-
tornf (kulcivace, mikroskopie, wietfeni
galakromannanu, mannanu, ev, PCR),
RTG a klinicke wietfeni s cilem maxi-
malné zpresnit etinlogi infekce a tak
maximalné zacilic antimykotickou
lé<bu. Pozitivita by tedy méla byt sig-
nélem k zahdjent cllenéha patrani po
invazivni mykdze, Maopak negativita
testu nam s wysckou pravdépodob-
nosti {5 wiimkou wie zminénych pri-
pad() systémovou mykotickou infeke
wyleudi [19]. Konedng se 2d4 byt velice
zajimavé pouiit detekee BG ke kanfir-
maci pozitviiho wsledku Platelia As-
pergillus (tzn. galaktomannanu), a tak
wloudic, mebo naopak potvedic falednou
pozitivitu galaktemannana., Y prac
Parose er al méli pacient = invazivii
aspergilozou pozitvitu v obou tes-
tech. Maopak pozitivita pouse BG nebo
pauze OM svEddila pro falednou po-
zitivity jednoho z resch [52].

Zdvir
Casnd diagnostika invazivnich mykotic-
kpeh infekei u hematconkologickych

Casnd diagnostika imvaziviich mykotickych infekel u hematoonkologickyeh nemoenyeh

nemocnych pomach sérologickych me-
tod zaznamenala v poslednich letech
velly pokrok. Sérologickymi metodami
Jsme schoprn detekovat nejfen nva-
zrnl kandiddzu a aspergilozu, ale | ce-
lou Fadu daliich vzdcnych invazivnich
mykaz. Bohuzel stale neni k dispozici
sérologickd metoda, kterd by umaoi-
fiovala diagnostiku systémovyeh -
gomykaz - infekcl, jejich? incidence
v poslednich letech avlasté pak na he-
matoonkalogickych pracoviitich po-
stupné nardstd.

Zeela jednoznadné mista v fasné
diagnostice invazivil aspergildzy si
whudovala detekee galakromannanu
pomoci Platelia Aspergillus testu.
Umafuje skedceni doby do stanove-
ni diagnday, diferencidlni diagnostiku
plicnich infilerdtd & predeviim Zasné
zahdjeni Uéinné antimykoncké léchy,
jejiE efekt napomaha momtorovat.
Hlavnim problémem viak zistava re-
latvné velky poder falednych poziovit,
Kembinace s 1.3-f-0D-glukanem nebo
5 PCR wiak tyto falesng pozibwity
pravdépodobné dokize odlific

Dretekee mannanu a antimannanu
v diagnostice invazivil kandiddzy ma
bahuzel celou Fadu limith a padobné
jako ,panfungalni® diagnosoka po-
maci 1,3-fD-glukanu bude pro uréeni
jednoznadného mista v klinické praxi
wyfadovat vidthe pofiu velkych pros-
pektivriich scudi,

Price byla podpofena IGA MZ CR
NRB452-3/ 2005
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SOUHRN
Racil Z., K vé B., Winterova J., Mayer J.: Vyuziti detekce galaktomannanu pro Zasnou diagnostiku invazivn(

aspergilézy

Invazivni aspergiloza piedstavuje zdvaZnou a Easto letalni mykotickou infekci imunokompromitovanych pacientd, jejiz incidence v po-
slednich letech naristd. Vysokd mortalita infekee je dina na jedné strané tiZ( imunosuprese nemocnych, ale na druhé strané pfede-

viim obtiZnostl stanovit této infekee éasné. Roxvoj neinvazivaich nekultivaZaich metod v poslednich letech pfedstavuje za-

sadni zménu v Casné diagnostice invazivnl aspergilové infekee. Oviem jedind z nich md v soucasnostl své jasné postaveni a to je
stanoveni galaktomannanu ELISA metodou. Test m4 pfedeviim excelentni negativni prediktivnf hodnotu a umoZiuje s vysokou prav- =
dépodobnosti infekci vylouit. Na druhou stranu jeho velmi dobri Itivi (iZe €asto stanovit diagnozu jekt& pred jasnou kli-
nickou manifestact infekee. Nicméné hlavnimi limi i testu jsou koliséni senzitivity ovlivnitelné celou fadou faktordt a moZnost fa-
leingch pozitivit. Cilem této prace je souhr dosavadnich znalosti o vyuZiti galaktomannanu v Zasné diagnostice invazivni aspergilozy.

Klicovd slova: invazivni mykotické infekce, invazivni aspergiléza, sérologickd diagnostika, galaktomannan

4 L, Wagn

SUMMARY

R4&ll Z., Koemanova I, Wagnerové B., Winterova ]., Mayer J.: Contribution of galactomannan antigen detection to early diagnosis of
invasive
Invasive aspergillosis is a serious and often lethal fungal infection in lmmunocompmhed patients, with increasing Incidence in re-
cent years. 11\0 high mortality is related not only to severe i but especially to difficulties in early diagnosis. The de-

invasive nonculture diagnostic methods in recent yem Is a major advance in the early diagnosis of invasive asper-
;illosu bu( lhc only method with a clear position is cu galactomannan detection by sandwich ELISA. The test has an excellent
negative predictive value and is able to exclude invasive aspergillosis with high probability. In addition, its good sensitivity often allows
diagnosis of the condition before it is clinically manifested. However, variations in sensitivity due to numerous factors and potential
false-positive results in certain populations are the main limitations to its use. The purpose of this review is to summarize the current

knowledge of the use of galactomannan in the early diagnosis of invasive aspergillosis.
Keywords: invasive fungal infections, invasive aspergtllosis, serologic diagnosis, galactomannan
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Uvod

V poslednich dvou dekddédch jsme svédky ndristu inci-
dence invazivnich mykotickych infekci a hlavni skupinou
nemocnych, které postihuiji, jsou pacienti s hematologickou
malignitou. U hematoonkologick§ch nemocngch je absolut-
né ncjastdj3f mykézou invazivni aspergiléza, kterd se vy-
skytuje s incidencf 8-20 % u nejvice rizikovych skupin
(pacienti 1é¢enf pro akutnf leukémii a po transplantaci krve-
tvorné tkdng) (1, 2). Mortalita invazivnf aspergilové infekce
je u té&chto imunosuprimovanych pacientl vysokd a pohybu-
Jje se v soucasné dobé kolem 40 % [1]. Vysokd mortalita je
ddna nejen zdvaZngm deficitem imunitnfho systému nemoc-
nych, ale velice Casto pfedeviim obtiZnosti Casné stanovit

sprévnou diagnézu. Na podklad® sprivné diagnézy Casné
zahdjend cilend antimykotick4 1é¢ba je jednim z klicovych
faktori zlepSujicfch prognézu nemocnych s invazivnf asper-
gilézou [3).

Konvenéni diagnostické plistupy bohuZel velmi Easto se-
Thdvaji. Kultivace nebo histologie ze sterilnfho materidlu
vyZaduje biopsii, kterd v3ak u pacientd s koagulopatil
a trombocytopénii nenf moZnd. Navic, je-li biopsie prove-
dena, je senzitivita vlastniho kultivaéniho a histologického
vySetfenf omezend. Kultivace a cytologie materidlu z dy-
chacich cest md opét omezenou senzitivitu a pozitivnf vy-
sledek kultivace je navic vétSinou pozdnf. Pravdépodobna
diagnéza invazivnf aspergil6zy je tedy nejcastéji v klinické

5]
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praxi proviidéna na zdkladé kombinace klinického obraza
a ndlezu ,halo" nebo ,air crescent” na HRCT. Tyto nalezy
jsou viak nejen mdlo senzitivai (obraz invazivni aspergilo-
zy miZe byt na HRCT velmi pestry a ne vidy lze nalézt
Lhalo" nebo , air crescent™), ale také mélo specifické (obraz
Lhalo" miZeme nachézet i u celé fady jinych plicnich pato-
logii) [4,5]).

V¢Se zminéné obliZe v Casné a senzitivni diagnostice in-
vazivni aspergilézy vedly k rozvoji nekultivatnich diagnos-
tick§ch metod. Pokud vyuZivaji detekei antigend, protilitek
nebo metabolitd, hovoffme o metodéch sérologickych a po-
kud detekujf nukleové kyseliny, jsou oznatovény jako meto-
dy molekuldrné biologické.

Ze vSech nekultivadnfch metod mé v sou€asné dob jed-
noznaéné definované a zésadni misto v diagnostice invaziv-
nf aspergildzy detekee galaktomannanu. Cilem této souhrn-
né price je poddni piehledné informace o vyuiitl detekee
galaktomannanu pro diagnézu invazivni aspergilové infekee,

Galaktomannan: struktura, uvoliiovénf a moZnosti de-
tekce antigenu

Kmeny aspergilti uvolifujf pfi svém riistu do okoli exoan-
tigeny, kieré jsou pak detekovatelné v malém mnoZstvi v té-
lesnych tekutingeh. V roce 1978 Lehmann a Weiss nadli
v séru imunokompromitovanych laboratornich zvifat infi-
kovanfch kmeny aspergilil a ndsledné také v séru a moli
pacientdl s invazivni aspergilézou antigen, kter§ byl poté
identifikovén jako galaktomannan (GM), coZ je termostabil-
ni heteropolysacharid bun&né stény aspergili [6,7]. Mo-
Ickula GM o velikosti 25-75kDa se sklddd z neimunni ma-
nnanové korové &dsti a imunoreaktivaich boénich Fetézcl
zakon&enych galaktofuranosylovymi jednotkami [7,8].
In vitro studic ukazujf, Ze rizné kmeny aspergili uvoliuji
rizné mnoZstvi GM, klinick zdvaznost této rozdilnosti se
viak nczdé byt v§znamn4. Na druhou stranu vedle aspergi-
lovych kmend uvolitujf GM také kmeny penicilii a pfi inva-
zivnf infekei timto patogenem (kterd je viak velmi vzicnd)
milZe byt tedy galaktomannan v séru také detekovdn [9). Na
zvifecich modelech byla prokdzéna korelace mezi mykotic-
kou néloZi ve tkdnich a mnozstvim uvolnéného, respektive
detekovatelného GM v séru [10). Kromé toho je to féze ra-
stu hyf, mikroprostiedi ve kterém probfhd infekee, imunitn{
stav jedince, stav rendlnfch funkcf a kone¢né antimykotickd
16Zba, které ve svém konedném bodé mohou ovlivnit defini-
tivnf mnoZstvi GM v cirkulaci [11].

Pro detekei GM je moZno pouZit nEkolik imunochemic-
kych metod - latexovou aglutinaci, radioimunoanalyzu
a sendvi¢ovou ELISu. Li3{ se detek&nfm limitem 1 senzitivi-
tou (rabulka I). Komer&niho uZiti dosihly pouze dvé — late-
xové aglutinace (Pastorex Aspergillus, BioRad, France)
a sendvilovi ELISA (Platelia Aspergillus, BioRad, France).
Oba komerdnf sety vyuZivaji pro detekci krysf monoklondl-
nf protildtku EB-A2, lderd rozpozndvé p(1-5) vizané galak-
tofuranosylové zbytky na molekule GM. Pro pozitivitu tes-
tu je nezbytnd pfftomnost minim&lné 4 téchto epitopd [11].

Latexovi aglutinace (Pastorex Aspergillus, BioRad, Fran-
ce) se jeSt& misty pouZiv (zejména tam, kde je vySetfenf
providéno spiSe pifleZitostnd)- v rutinni diagnostice je ale
v soutasné dobE nahrazena sendvicovou ELISA metodou,
kterd je 10 aZ 15kxdt (pfi pouZitf cut off 1,5) a nebo aZ 30kt
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(pfi pouziti cut off 0,5) senzitivnéjsf. Je tedy schopna dete-
kovat vice nemocnych s invazivof aspergilézou a rovnéZ po-
zitivita je pfi pouZitf téo metody Casnéjsi [12). Reakce je
semikvantitativnf a jeji vysledek je udédvin jako index pozi-
tivity (IP) — pom&r mezi naméfenou optickou denzitou
a optickou denzitou kontrolnfho séra obsahujfciho pfibliZné
Ing GM/ml. Jako pozitivni sc oznaluje vzorek s IP > 0.5
a jako pozitivaf pacient pak nemocny s vice neZ dvéma po
sobe jdoucfmi pozitivafmi odbéry.

\{yv;iitfdaa.hoegahhomammnpodh@dminva-
zi

Studie sledujici deteket galaktomannanu jako markeru in-
vazivnf aspergilézy u nemocnych s nzikem vzniku 1o in-
fekee ukdzaly, Ze Platelin Aspergillus test mé vysokou spe-
cificitu pohybujici se od 81 % do 100 %. Extrémné vysoké
je také negativnf prediktivof hodnota testu, kterd je v abso-
lutni véSing studif nad 95 %. Negativni vysledek testu tedy
s velmi vysokou pravdépodobnosti vyluuje invazivni as-
pergilézn a faleiné negativity jsou vzécné [13,14,15,16,17,
18,19,20,21].

Na druhou stranu senzitivita a pozitivnf prediktivaf hod-
nota (PPV) jsou bohuZel do urtité miry slabymi misty to-
hoto testu. Senzitivita testu v rizaych pracich znaéné kolisé
ato od 30 % do 100 % a velmi podobné je tomu i u PPV,
kterd se pohybuje od 50 % do 100 % [13,14,15,16,17,18,19,
20,21]. Pfimé porovndni vysledki jednotlivich studif je
viak velmi obtiZné, ne-li nemoZné, nebof oba dva zmifiova-
né parametry mohou byt ovlivnény celou fadou faktord [22]
(tabuika 2).

Typ a zévaZnost i

Nedévno publikovand metaanalyza studif sledujicich ten-
to problém poukdzala na znalné rozdfly v senzitivité meto-
dy v zdvislost na studované populaci nemocaych. Zatimco
poolovand senzitivita testu pro nemocné s hematologickou
malignitou byla 70 %, pro nemocné po transplantaci orgénu
byla jen 22 %. Tyto vysledky potvrzuji fakt, Ze test je vice
pinosny pro nemocné s nidorovym onemocnénfim neZ pro
jiné skupiny pacientd. Ale 1 mezi onkologickymi pacienty
Ize najit v§znamné rozdily. Ve studifch do kterych bylo za-
Fazeno velké procento pacientd s tzv. , low-risk* neutropénii
(solidn{ tumory, lymfomy, autologn transplantace krvetvor-
né tkind) je senzitivita niZsi, neZ ve swdiich s vysoce rizi-
kov{mi nemocnymi (alogenni transplantace krvetvorné tké-
né&, akutnf leukémie) [15,17].

Vyie zminéné ndlezy odpovidajf neddvno rozpoznangm
rozdilim v patogenezi invazivaf aspergilézy v jedinch
s a bez neutropenic [23). U neutropenickych zvifecich
modelil je aspergilovi plieni infekce charakterizovéna inten-
zivnfm rdstem hyf, vysokou fungdlni niloZi a velkou angio-
invazf. Vysledkem je pak vysokd niloz GM v plicni tkdni
i v séru. Naopuk, jestliZe byla imunosuprese zvifectho mo-
delu navozena kortikoidy, byla hlavni pfFiinou progrese
choroby intenzivni zdnélivd infiltrace plicnfho parenchy-
mu, Fungdlnf niloZ a angioinvaze byly nizké a vysledkem
tedy byla i koncentrace GM v séru @€sné pfi hranici detek-
ce.
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Manifestace aspergilové infekce

Manifestace invazivnf aspergilézy pledstavuje kontinuum
stavll s odli¥nymi histopatologickymi a radiologickymi né-
lezy, jejichZ rozvoj je dén pledevS{m imunitnfm stavem je-
dince. Spektrum postizeni sahé od angioinvazivaf formy
u t¥%ce imunosuprimovanych aZ po alergickou bronchopul-
mondln{ aspergilézu u hypersenzitivnich nemocnych [24].
le 7leimé, Je plechod antigenil (véetné GM) do cirkulace se
bude u rdznych stupiiid angioinvaze lifit. Zatimeco lokdlnf
nekrotizace plicnfho parenchymu u angioinvazivaf formy
bude prichod GM usnadiiovat, u lokalizovan$ch nebo ohra-
nidenych forem aspergilové infekee (napi. tracheobronchiti-
da v pacientl po transplantaci plic nebo ohranifeny asper-
gilom) bude prinik GM men3{ nebo dokonce Zddny
a vysledek detekee Platelia Aspergillus testu pak bude ne-
gativni [25].

Pfedchozf podénf antimykotik

Poddvinf antimykotik s cfcktem na kmeny aspergild 1é-
&ebné nebo profylakticky omezuje velikost a rychlost ndri-
stu mykotické ndloZe, stejné tak jako intenzitu jejf angioin-
vaze. Tento mechanizmus je pak pravdépodobnou pficinou
snfZené senzitivity Platclia Aspergillus testu u této skupiny
pacientd. V prici Maarové et al. byla senzitivita detckee
GM u nemocngch po transplantaci krvetvorné tking 1éce-
nych profylakticky antimykotiky s cfcktem na vldknité hou-
by pouze 20% ve srovnén{ sc senzitivitou 80% ve skuping
pacientd bez profylaxe [26).

Cut-off

Velice dilezitym faktorem ovliviiujicim senzitivitu testu
je hodnota tzy. cut-off indexu pozitivity (cut-off IP), tedy
hodnota indexu pozitivity, od které je vzorek oznacen jako
pozitivni. Maertens et al. a i dal¥i autofi prokdzali, Ze sniZe-
nf pivodné vrobcem doporucovaného cut-off z hodnoty
IP = 1,5 na hodnotu IP = 0,5 vede k vyraznému zvySeni sen-
Zilivity testu pfi soutasném jen mimém zhor3enf jcho spe-
cificity (82,7 % x 96,5 %) [27]. Toto sniZenf cut-off indexu
pozitivity je dilleité predeviim u nemocngich, ktelf dosts-
vaji profylakticky antimykotika s efektem na vidknité hou-
by a u nemocnych po transplantaci krvetvorné tkdnt s reak-
cf Xt¥pu proti hostiteli (GVHD) Jé&enou imunosupresivy.
U obou t&chto skupin pacientd je, jak v§ie zminéno, myko-
tickd ndloZ nizks, a proto pfi uZitl vy3&ich hodnot cut-off IP
by tito nemoenf byli faleiné oznadeni za negalivni a naopak
pli cut-off IP = 0,5 je test dokiiZe spréivné oznadit za pozi-
tivnf [26,28].

Frekvence provédéngch odbéri

Frekvence a pravidelnost odbérl krve pro detekci galak-
tomannanu v§znamn& ovliviiuji senzitivitu metody a jeji
schopnost fasné detekce invazival aspergilézy. Zatimco
v priici Maertense et al. byl prim&my pocet odbéri na cpi-
zodu 11,2 ve studii Herbrechta et al. pouze 4,1. Senzitivita
metody pak byla v prvni préci 89,7 % ve druhé pak pouhgch
31,6 % [4,14]. Progrese invazivni aspergilézy milZe byt
u t&ce imunosuprimovanych jedinci velmi rychld a ke
zméné z negativaich do pozitivnich hodnot tak miZe dojit
béhem nekolika dni. Nedostate¥nd frekvence odbéri a ne-
bo nepravidelnost v jejich provddénf pak miZe vést ke
zmedkini okamZiku, kdy hodnota indexu pozitivity (IP) 1&s-

Tabulka 1 pop
Detex&nl limit jednotiivich metad pro diagnostiku né presdhne 0,5 a vzorek se stane &asné pozitivnfm. Obeend
galaktomannanu v séru [31] se doporutuje provddét pravidelny rutinnf skrining rizi-
kovych nemocnych (nemocnf s akutnf leukémif nebo po
Metoda Detekénf limit alogenni transplantaci krvetvorné tkdng) 2-3krdt t9dné, v ri-
e ey PRRT zikovych obdobich (febrilni neutropenie nereagujici na anti-
sy, s i biotickou 1é&bu, nalez infiltrdth na HRCT plic) eventuelnd
Radicimunoanal§za 10 ng/ml i Castéji [12]. Podle nasich zkusenostf viak vice neZ jeden
, a5 odbér za den (pfi pouZiti cut-off [P 0,5) jiZ senzitivitu testu
ik o i it does diile nezv§ii [29) (tabuika 3).
Tabulka 2
Nejvyznamnéjsi studie sledujici vyznam detekce galaktomannanu pro diagnostiku invazivni aspergil6zy u hematoonkologic-
kych nemocnych
Préice celkovy potet GM cut-off senzitivita (%) specificita (%) PPV (%) NPV (%)
pac./poZet pac. s IA index :
Maertens (1999)[13) 243733 1.0 92,6 954 93 95
Mmcns (2001){14] 362/95 1,0 89,7 98,1 82,5 98,4
Maertens (2002)[15] 100127 1,0 97,4 98.8 944 98,8
Sulahians(2001)[16] 797/53 15 90,5 A 9% 52 98,7
Herbrecht(2002){17] 797153 15 294 948 519 849
Macrtens (2004)(27] 104729 2*0.5 96,5 98,6 98.6 984 -
Pincl(2003)[18) 807/48 10 50 99.6 85 96,8

GM = galaktomannan, IA ~ invazivaf aspergiléza, PPV — pozitivai prediktivad hodnota, NPV — negativaf prediktivaf hodnota

- [178
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Faktory ovliviiujic{ PPV testu

Druhym slabym mfstem testu je pozitivnf prediktivaf hod-
nota (PPV) testu (&ili pozitivnf vysledek spravné oznalf ne-
mocného s invazivni aspergilézou). Opél se setkdvime s ce
lou fadou faktord, které PPV testu ovliviluji.

Pryvnim z t¥chto faktoni je incidence TA ve vydctfované

PREHLEDOVY CLANEK |

sledovinf nemocnych s vysokym rizikem invazivni aspergi-
l6zy a prokdzal, Ze jak pfi pouZitfl cut-off indexu pozitivity
1,0 tak 0,5 specificita testu vyznamné nardistd, pokud je ne-

v Tabulka 3

skupiné pacientd. Pravdépodobnost, Ze pozitivaf vysledek F iviiiiel senzitivitu Plateli 1"
testu ozna®i skutelné nemocného pacienta, je nejvySSi ve M e e
skupingch nemocngch s nejvySEi incidenefl invazivnf asper- Faktory sniZujlcf senzitivitu

gilézy a 1@mi jsou pfedeviim nemocni s akutni leukémif
a pacienti po alogennf transplantaci krvetvomné tkdng (inci-
dence IA je zde 10 %, resp. 20 %). U ostatnich skupin pa-
cientdl, kde je incidence IA nizké (nemocni s ostatnimi
hematologickymi malignitami a nebo po autolognf trans-
plantaci krvetvorné tkéng, pacienti po transplantaci solid-
nich orgdnd), je vyznamng niZf i PPV testu [30).

Druhym faktorem ovliviiujicim PPV a specificitu Platelia
Aspergillus testu je kriterium, které oznati pacienta jako po-
zitivniho (jednorfizovi versus opakovani/konsekutivaf pozi-
tivita vzorku), Maertens et al. vyuZil test k prospektivnimu

Pucienti bez hematologické malignity/bez neutropenie [63]
Lokalizovans forma aspergilové infekee (64]
Vysokd hodnota cut-off indexu pozitivity (27]
Nizki frekvence odbird (22)
Prodchor{ poddvini antimykotik [26]
Ptftomnost protildtek proti galaktomannanu [17]
Diouhodobé uchovdvdnf vzorkl v zamraZeném stavu (12]

Tabulka 4 ;
Piiciny fale3né pozitivity Platelia Aspergillus testu
Fale$nd pozitivita Mechanizmus Poznémky Ref.
1. Kontaminace vzorku plfi odb¥ru nebo zpracovdnf vzocku
Kontaminace vzdulngmi spérami detekee GM 2 kontaminujich T [44]
A L . o Penicilli like! & ili( wvity;
spergillus sp. a Peaicillium sp. vidken aspergild a penicili W"‘m e Bt
Kontaminace vatou 2k¥{¥cnd rekce a vySetieni opakovaného odbiru
(napt. pi desinfekei mista odbéru) s glukopyranozovymi zbytky [47)
2. Prinik antigenu z GIT pH postiZenf nebo nezralosti GIT

Predtasné narozené déd, prinik antigend z Bifidobacterium sp. ples (43)
novorozenci nezralon mukézu a zkifZend reaktivita

polysacharidii bun&&né st¥ny

) bifidobaktérif s EB-A2
Mukozitida, stievn{ GvHD prinik GM ze stravy OM obsaZen v celé Tad® poteavin  [41.42)
plies potkozenou mukézu (t&stoviny, rye, kyselé zeli a daldi);
vitdinon soucasné nutny alespod
t4stednd zachovany perordin{
piijem stravy

3. Reakee s antigeny v cirkulaci
Infekee Penicillivm sp. zkFfZend reakee s polysacharidem penicilif [65)
Plasma-Lyte (infuzni roztok) reakee s GM kontaminujicim roztok. klinicky jedna z nejlastEjsfch {401

Ke kontaminaci dochdzf phi virobé a nejvyznamnéjich pfitin .
kalcium glukonétu, ktec§ je faledngch pozitivit
souddsti roztoku
Penicilinovi ATB reakce 8 GM kontaminujicim Klinicky jedna z nejéastéjifch -+ [30,33)
(p il semisyntetickd penicilinovd ATB a nejvymamngjifch piicin
ampicilin, co-amoxicilin fale$nych pozitivit 2
od nékter§ch vyrobed)
4, Ostatnf - zmifiované, ale neovéfené pHiny

Cyklofosfamid; Bakterémie; Paraproteinémie; Transfuzn{ pHpravky a keevaf derivity [9,46,65]
[ Kiinicka mikrobiologie a infeksni Iékafstvi 2007 5 179 |
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(180

mocny oznaden za skutecné pozitivaiho aZ pli pozitivit® 2
vzorkd jdoucich za scbou (85,4 % vs. 98,8 % a 98,6 % vs.
85,1 %) [15,27).

Koneénd® nejvyznamnéjsim faktorem ovlivilujicim PPY
testu je moZnost faleSngch pozitivit. T pfes pouZivdni konse-
kutivaf pozitivity je a% 20 % pozitivnich vysledkd falesn€
pozitivnich [30]. Izolované falesné pozitivity mohou byt
zpuisobeny kontaminaci vzorku pfi odb&ru nebo phi zpraco-
véni vzduingmi spérami aspergilii nebo penicilif. Tyto izo-
lované fale$né pozitivity vak lze jednoduse odlidit retestem
pozitivniho vzorku (negativni vysledek retestu svédef pro
kontaminaci pii zpracovinf vzorku) a provedenim kontrol-
nfho odb&ru vzorku séra (negativnl vysiedek pak svédei pro
kontaminaci pii odb&ru vzorku). Retest pryntho pozitivniho
vzorku a predeviim odbér kontrolniho séra by mél byt pro-
veden co moZné nejdiive (do 24-48 hodin), aby nedodlo
k prodlenf v Easném stanoveni diagnézy invazivaf aspergi-
10zy.

Klinicky zdvaznéj§im problémem jsou viak faleSné pozi-
tivity testu pletrvdvajicf i v opakovanych odb&rech, které
pak imitujf obraz nalézany pii skute&né infekei. Odlisend fa-
le$né a skute&né pozitivity je predeviim u vysoce rizikovych
pemocnych, kde 1ze infekei vzhledem k imunodeficitu oée-
kdvat, velmi obtizné. Pro klinika je tedy nczbytnd dobrd
znalost moZngch pifin faledné pozitivity testu, jednak pro
Jjeho sprévnou interpretaci, ale piedeviim pro nutnost v ma-
ximdlnf mife tyto faktory u pravideln& monitorovanych ne-
mocnych eliminovat, Nejast&j§i pFiciny falelné pozitivity
Platelia Aspergillus testu jsou zminény v ndsledujicim texw
[11,12,22,30,31].

Intravenézaf poddinf penicilinovych antibiotik

Aplikace penicilinovych antibiotik — piperacilinu, pipera-
cilinw/tazobactamu, nékterych co-amoxicilind a ampicilinu
- j¢ jednfm z nejastEjSich pfi¢in falc$né pozitivity phi de-
tekei GM [32,33,34,35]. Didvodem je pravdépodobn€ konta-
minace antibiotik GM pfi jejich semisyntetické v§robé.
Tento proces vyuZiva kmeni penicilif a GM z jejich bundg-
nych stén se pak pravdépodobné dostdvd do findlnfho v§-
robku [22). MnoZstvi kontaminujictho GM kolisd jednak
mezi jednotlivimi antibiotiky, ale také mezi jednotlivgmi
Jarfemi jednoho v¢robku a proto intenzita fale$né pozitivi-
ty (tj. IP séra nemocnych) pfi poddvén{ téchto preparati ko-
lisd [36). Vzhledem k odlifné kinetice kontaminujicfho GM
od kinetiky vlastniho antibiotika dochdzi pfi poddvan{ Iéku
ke kumulaci GM a tak i k nardstu méfeného IP v séru ne-
mocngch [37). Navic po ukondeni poddvini antibiotika fa-
lednd pozitivita testu vzhledem k pomalejsi eliminaci konta-
minujictho GM pietrvava jestd témeF 6 dnl [38].

Eliminace fale$ngch pozitivit pfi podivin{ viie zming-
nych preparitd je sloZitd. Idedlnf je vyloueni pouZivin{
téchto antibiotik u nemoengch, u ktergch probihd monito-
ring GM. Toto je moZné u ampicilinu a co-amoxicilinu, ale
velmi obtiZné u piperacilinu/tazobactamu. V t&chto pfipa-
dech je pak doporuCovin odbér vzorku séra pro vydetien{
GM &sn& pied podénim dalii ddvky antibiotika, kdy by m&-
la byt koncentrace kontaminujictho GM nejniZ3f [39). Nic-
méné vzhledem ke zminéné kumulaci kontaminujiciho GM
1z¢ tohoto mechanizmu vyuZit pouze v prynich dvou dnech
poddvin{ 1éku, ncbof nasledné je i ustdlend koncentrace

kontaminujiciho GM vysokd [37). Podle natich zkuienost!
Jze minimalizovat fale3né pozitivity pfi poddvani piperacili-
nu/tazobactamu testovdnim jednotlivich Sarkf a pouZivanim
pouze ZarZ{ GM negativnfch. K velmi podobnym nédzordm
pak dochézf také Bart-Delabessc ct al. [35].

Pritomnost GM nebyla potvrzena v celé fadg daldich anti-
biotik (cefalosporiny, karbapencmy, aminoglykosidy, chino-
lony, vankomycin) a poddvinf @chto 1ékd nemocnym ne-
vedlo k rozvoji falednfich pozitivit Platelia Aspergillus testu
[37,39).

Aplikace roztoku Plasma-Lyte

Hage et al. publikoval faleSnou pozitivitu pii detekci GM
z tekutiny ziskané bronchoalveoldrnf lavizi (BAL) pfi sou-
Easném pouZid infuzntho roztoku Plasma-Lyte (Baxter)
jako lavaZnf tekutiny [40]. Vysoky index pozitivity byl zjis-
t&n také pii testovén( jednotlivych 3arZi roztoku. Pricinou
faleSné pozitivity je opét pravdépodobng koptaminujfci
GM, ktery se do roztoku dostévé pii virob¥ — Plasma-Lyte
totiz obsahuje kalcium glukondt, ktery se vyrdbf fermentact
pomoc kmeni aspergild. Autofi viak nepfedpokladali, Ze
by pii podéni roztoku intravenézn (coZ je ale jeho hlavni
pouZitf) po distribuci v cirkulaci mohlo mnoZstvi kontami-
nujfciho GM zpiisobit faleSnou pozitivitu. Nase zkuSenosti
viak ukazujf, Ze priv& intravenézni poddvini roztoku Plas-
ma-Lyte je vedle penicilinovych antibiotik jednou z hlav-
nich pfitin faleSné pozitivity Platelia Aspergillus testu
(nepublikovand data). Resenfm této piitiny falelnych pozi-
tivit testu je pak pouZivén{ jingch infuznfch roztoki pro hy-
drataci nemocnych, u ktergch probihd rutinni skrining GM.

Prilnik antigeou z gastrointestindlnfho traktu

GM ze stény aspergild a penicilif byl prokdzdn v celé fa-
48 potravin a ndpoji a je b&Zné nalézdn ve stolici [41]. Men-
§ molekuly GM ze sticva tedy mohou teoreticky plechdzet
do cirkulace pfi naruieni integrity stfevnf mukdzy. Predpo-
kldd4 se, ¥¢ tento mechanizmus je jednou z moZngch piicin
falesné pozitivity Platelia Aspergillus testu u nemocnych
s mukozitidou a soucasn® alespoii Edstedné zachovanym
perordlnim pifjmem stravy [42]. V Klinické praxi se viak
s louto situacf u onkologickych nemocnych piilis Casto ne-
setkdvame, Na druhou stranu v8ak préavé priichod polysa-
charidit ze stény bakeérif Bifidobacterium sp. (zkI{Zené rea-
gujicl s protilitkou EB-A2 pouZitou v Platclia Aspergillus
testu) ze zaZivaciho trakiu pfes nezralou mukézu je jednou
2 hlavaich pfi€in fale3né pozitivity Platelia Aspergillus kit
u predasné narozenych détf [43].

Infekee jinymi patogeny

Vzécnou piitinou faleiné pozitivity pfi detekei GM miiZe
byt infekce mykotickymi patogeny, které nesou zkFfZend
reagujici epitopy s kmeny aspergill, jako jsou infekce vyvo-
lané Penicillium sp. a Cryplococcus neoformans [44,45].
“Tyto infekee jsou viak nadtéstf velmi raritnf, NEkteii autofi
spekulujf také o faledné pozitivit® testu pfi infekei néktery-
mi 2 bZngch bakérif (Escherichia coli, Staphylococcus $p..
Enterococcus sp., Pseudomonas sp.), nicmén& Swanink
et al. neprokdzal reaktivitu kmend s testem in-vitro a fales-
né pozitivity Platclia Aspergillus testu u nemocnych s bak-
teriémif nebyly v 2ddné korelaci s vysledky kultivace [9].
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Ostatnf pficiny fale¥né pozitivity

V literatufe lze najit celon fadu moZnych pii¢in faleSnych
pozitivit Platehia Aspergillus testu. Nicméné jde spife o po-
pisy jednotlivych pifpadd, neZ Ze by se jednalo o klinicky
v§znamné a frekventnf pfi¥iny faleSnych pozitivit. Navic
v#Sinou nejsou potvrzeny vice autory a jejich mechanizmus
nenf vétSinou jednoznaln& vysvétlen. Jsou popsdny faleiné
pozitivity testu pfi autoimunitnich stavech a pfftomnosti pa-
raproteinu, pfi dialyze, pfi pouZiti cyklofosfamidu a phi kon-
taminaci vzorku vatou [46,47,48 49) (tabulka 4).

aewkeegahlnmnnmumqﬂnjeémﬁjﬂdwu

Pravidelny a rutinnf monitoring GM umoZiiuje zkrétit &a-
sov§ interval do stanovenf diagnozy invazivaf aspergilGzy.
Ve studii Maertensc et al. pledchdzela antigenémii diagné-
za 1A stanovend na zdkladé radiologickych abnormalit
0 8 dni v 80 % piipadi a diagnéza stanovend na zdkladé
pozitivntho kultivadnfho vySetfeni pak o 9 dni u 89 % ne-
mocagch [15]. Podobn& 1 nekolik dal¥f praci prokdzalo
predchézeni pozitivity GM piibliZn€ o 7 dni pozitivitu zo-
brazovacich metod [16,50]. Navic v prospektivai studii
Maertense ¢t al. byla antigenémie primdrnim impulzem pro

proveden{ HRCT plic u 84 % hematologick§ch nemocnych
s febrilni neutropénif a tento impulz* pledchézel klasic-
kym divoddm k provedeni HRCT [51]. Je viak ziejmé, Zc
pravdépodobnost Casné pozitivity GM bude ovlivaéna frek-
venci provéd&nych odbéri a hodnotou zvoleného cut-off in-
dexu pozitivity (IP). Pfi pouZiti dnes doporutovantho cut-
off IP 0,5 ptedchéizela pozitivita testu v prici Marrové et al.
rozvoji klinickych pfiznakd a definitivnimu stanoveni diag-
nézy o 6 respektive 10 dni. Naopak pki pouziti cut off 1P 1,0
nebo 1,5 poztivita testu vySe zminéné parametry nepfed-
chézela viibec [26).

Galaktomannan jako marker 1é&ebné odpovidi IA

Z Klinického pohledu je velmi dileZité Casné zhodnoceni
odpovedi IA na 1é¢bu antimykotiky. Klinick§ obraz, ale ani
nélez na HRCT v3ak nemohou v prvni 2 t§dnech 1écby k to-
muto hodnocenf slouZit [22,52]. Jak bylo zminéno vyie, pfi
studifch na zvifecich modelech byla prokézina korelace me-
2i fungdlnf ndloZi v plicich a mnoZstvim GM v plicnim pa-
renchymu, respektive hladinou GM v séru [10].

Tato zjiSténi jsou pak vysvétlenim pro ndlezy klinické
a celd fada autord prokdzala vyuZiti detekce GM v séru jako
markeru 1é6&ebné odpovEdi. Pfi Gspeiné 16EbE 1A dochdzi

Tabulka 5
Detekce galaktomannanu — Platelia Aspergillus - souhrn

Indikace

Pravidelny monitoring minimdln& 2-3krit za tyden indikovén u pacientd s nejvy¥$fm rizikem IA (alogeanf HSCT, GvHD, ncutropénie

pli 12bE AML)

U ostatnich onkologickyeh nemocngeh a jinak imunosuprimovangch pacientd (napf. po transplantaci solidnich orgdni) je indikovin

odbér pti febrilitch nercagujicich na antibiotika nebo rozvoji plicaich infiltrdul

Interpretace

Jako pozitivaf je se oznaduje vzorek s IP > 0,5

Jako pozitivni se oznatuje nemocny s minimilné s dvéma vzorky s IP > 0,5

KaZdy pevaf vzorek s IP > 0,5 by mél byt v laboratofi retestovin pro odliSenf laboratorni kontaminace

KaZdd pevaf pozitivita by mela bt ovifena odbérem daliiho vzorku v co nejkratiim Sasovém intervalu

Vyuit

Casnd detekee invazivni aspergilézy

Diferencidlnf diagnostika plicaich infiltréud

Monitorace 16ebné odpovEdi na antimykotika

Rizikové body:
2) moZnost falefngch pozitivit
b) faleiné negativity jsou spfe vzicné

¢) nizké (hraniénl) hodnoty visledkil 1ze ofckdvat u nemocnych s profylaxf antimykotiky s G¢inkem na vidknité houby

Dali{ materifly vhodné k testovéaf

Tekutina ziskand z BAL - diferencidlnf diagnostika plicnich infiltritd, meZnost &asnj¥f pozitivity ve stovadn( s detekel GM v séru

MozkomiSn mok — diagnostika postifeni CNS invazivn( aspergilézou

IA - invazivaf aspergil6za, HSCT - transplantace krvetvorné tking, GvHD - reakce S&pu proti hostiteli, AML akutni myeloidn{ leukeé-
mie, IP — index pozitivity, BAL bronchoalveoldmf lavi?, CNS - centrdlnf nervovy systém
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tedy k poklesu hladin GM a naopak s trvale rostouci hladi-
nou GM a nebo rekurenc{ ndristu po predchozim poklesu se
setkdvéme u pacientd, v kterych 16&ba selhdvéi [14,16,50).
Vzestup GM IP o vice jak 1,0 po 7 dnech 1é¢by je s vice jak
90% pozitivnf prediktivnf hodnotou spojen se selhinim te-
rapic a m&la by byt zviZena jeji zména [53). Za urtitgch
okolnosti se viak miZeme setkat s paradoxnim vzestupem
GM I[P i pies dobrou 1é&ebnou odpovéd infekce. K para-
doxnimu vzestupu GM miZe dochdzet pfi soutasném z4-
vazném rendlnim selhdni eventuelné i s nutnosti hemodialy-
zy (porucha klirens vysokomolekuldrniho GM, ktery nenf
eliminovdn ani hemodialyzou) a v prvnich n¥kolika mélo
dnech Iécby echinokandiny (pofkozenf a rozpad bun¥tné
stény obsahujicf GM)[54,55,56).

Ostatnf materidly

PlestoZe je Platelia Aspergillus test urlen primérné k vy-
Sctfovdn( séra, 1ze pomocf n&j detckovat GM i v jingch -
lesngch tekutindch eventucIng v tkénich (57).

ProtoZe invazivnf aspergiléza je ve vEiné pipadi inha-
laénf infckef a primérné jsou postiZzeny plice, neni pfekva-
penim, Ze necjéastgji vySctfovanym materidlem jinym neZ
sérum je tekutina ziskand bronchoalveoldrni laviZi (BAL).
Detekee GM z tekutiny ziskané BAL je spojena se senziti-
vitou pohybujici s¢ od 60-100 %. Senzitivita je op&t vy3sf,
jestliZe je pouZit jako cut-off dnes doporucovany IP 0,5, pfi-
Zemz specificita testu z0stdvd stile vysokd (94 %) [58]. V-
hodou detekce GM 2z tekutiny zfskané BAL je pfedevifm
vyznamné vy33f senzitivita a Casn&j3( pozitivita ve srovndni
s konvenénimi mikrobiologickymi metodami pouZivanymi
k detekei [A z materidlu ziskaného BAL (kultivace, mikro-
skopie). Jsou popsény pripady, kdy pozitivita GM z tekuti-
ny ziskané BAL pfedchézela pozitivitu GM v séru. Tyto
nilezy odpovidaji patogenezi plicni formy invazivai asper-
gilozy. V béiné klinické praxi, kdy vétfinou providime
BAL v ptipadé néilezu plicnich infiltrétd na zobrazovacich
metodéch, je Casovy rozdfl mezi pozitivnim zichytem GM
z krve a z BAL veéisinou minimding, Podobné jako pri testo-
vini séra se i v pifpadé detekce GM v tekuting z BAL mi-
Zeme setkat s faleSnou pozitivitou i negativitou. Zejména
u nizce nzikovych nemocnych je moZnd fale3nd pozitivita
pfi kolonizaci dychacich cest kmeny aspergilii. Nicméng
podobné jako je tomu phi interpretaci pozitivafho kultivad-
ntho zéchytu aspergildh z matenidlu z dychacich cest je i PPV
Platelia Aspergillus testu v tomto pifpadé tim vy&(, &m je
nemocny rizikovéjii, Fale$ng negativnf pak mirZe byt detek-
ce GM 2z tekutiny z BAL u nemocnych, u kterych je BAL
proveden vice neZ 3 dny od zabdjenf G&inné antimykotické
1é2by [59].

Dalsim materidlem, ve kterém miZe byt GM detekovdn,
Jje mozkomi&ni mok. PostiZeni centrilniho nervového systé-
mu je véSinou souldsti diseminace plicni formy IA, spise
vijimeené jde o izolované postiZeni. Detekce GM z mozko-
misniho moku u nemocnygch s postizenim CNS je spojena,
na rozdfl od velmi Casto negativa( kultivace, s velmi vyso-
kou senzitivitou pohybujicf se mezi 80100 % [60,61). Po-
zitivita GM z mozkomfEnfho moku (samotnd nebo spolu
§ pozitivitou GM v séru) je tak vedle klinického a eventuel-
né i radiologického ndlezu jeding mikrobiologicky marker,
ktery miZe vést k diagnéze postiZzeni CNS invazivaf asper-

gilézou [60). Je viak nutné si uvEdomil, Ze i pi plicni formeé
IA (bez postizeni CNS) miZe Cdst sérového GM pronikat
pres hematoencefalickou bariéru a stejné tak miZe dojit ke
Jkontaminaci* mozkomf¥nfho moku GM z krve pii hemor-
hagickém odbéru vzorku likvoru. IP pozitivity GM v moz-
kominim moku viak v téchto piipadech bgvaji v¢razné
nizii (60,62).

Detekee GM z jingch t€lesnych tekutin eventuelng z tké-
nf byla sice testovina, nicméne interpretace vysledkd neni
v souc¢asné dobe jednotnd [62).

Zéver

AZ doncddvna byla diagnostika invazivnf aspergilézy vel-
mi obtiZnd a pozdnf, nebof Casto jedinou moZnost stanove-
nf diagnézy byl histologicky nebo kultivaéni prikaz hyf ze
sterilnfch tkdni ziskanych biopsii. Rutinni zaveden{ detekee
galaktomannanu do diagnostického algoritmu u nemocngch
v riziku invazivai aspergilozy pledstavuje zédsadni zménu
v Casné diagnostice 1A. PrestoZe test neni zeela jist® napros-
1o idedini, pravidelny skrining nemocnych v riziku umoz-
fluje zkricenf doby do stanovenf diagnézy infekce a tak
i zleplenf prognézy nemocnych s IA, Vysokd negativnf pre-
diktivnf hodnota testu naopak usnadfiuje rozhodnuti o ukon-
Zenf empiricky podané drahé antimykotické 1éby, respekti-
ve umozZiiuje vykat s jejim zahdjenfm. Rutinni monitoring
GM ELISA metodikou dovoluje zacilit poddni modernich,
ale drahych antimykotik na memocné s vysoce pravdépo-
dobnou IA (tzv. preemptivni podéni antimykotik) a tak ales-
poi &istedné sniZit celkovou cenu éto léchy.

Price byla podpoicna IGA MZ CR NR8452-3/2005.
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Abstract: Baseline chest computed tomography (BCT) in high-risk hematology patients allows for the
early diagnosis of invasive pulmonary aspergillosis (IPA). The distribution of BCT implementation

in hematology departments and impact on outcome is unknown. A web-based questionnaire was
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designed. International scientific bodies were invited. The estimated numbers of annually treated
hematology patients, chest imaging timepoints and techniques, IPA rates, and follow-up imaging
were assessed. In total, 142 physicians from 43 countries participated. The specialties included
infectious diseases (1 = 69; 49%), hematology (11 = 68; 48%), and others (n = 41; 29%). BCT was
performed in 57% (1 = 54) of 92 hospitals. Upon the diagnosis of malignancy or admission, 48%
and 24% performed BCT, respectively, and X-ray was performed in 48% and 69%, respectively.
BCT was more often used in hematopoietic cell transplantation and in relapsed acute leukemia.
European centers performed BCT in 59% and non-European centers in 53%. Median estimated IPA
rate was 8% and did not differ between BCT (9%; IQR 5-15%) and non-BCT centers (7%; IQR 5-10%)
(p = 0.69). Follow-up computed tomography (CT) for IPA was performed in 98% (1 = 90) of centers.
In high-risk hematology patients, baseline CT is becoming a standard-of-care. Chest X-ray, while
inferior, is still widely used. Randomized, controlled trials are needed to investigate the impact of
BCT on patient outcome.

Keywords: invasive aspergillosis; antifungal prophylaxis; infection in hematology

1. Introduction

Invasive aspergillosis (IA) typically affects high-risk hematology patients, in particular those with
acute leukemia or the recipients of hematopoietic cell transplantation (HCT) [1]. The incidence of
probable or proven IA in these patients ranges from 2%, while on posaconazole prophylaxis to 11.2%
without mold-directed prophylaxis [2,3]. The overall and attributable mortality are high reaching up to
42% and 27%, respectively [4,5]. Invasive pulmonary aspergillosis (IPA) is associated with even higher
mortality up to 75%, and it has been shown to negatively impact the long-term survival of leukemia
patients [6,7].

Early diagnosis and treatment are crucial in the management of IPA to improve patient
outcome [8,9]. However, 1A is still a frequently missed diagnosis in hematological patients [10].
In patients that were diagnosed with IPA, the serial assessment of pulmonary findings on chest CT has
been shown to be superior when compared to galactomannan or lesion counts in survival prediction
and combination of these tools seems useful [11].

Baseline chest computed tomography (BCT) in adult high-risk hematology patients has been
suggested for the early diagnosis of IPA. Abnormal findings on BCT were found to be an independent
risk factor for invasive fungal disease (IFD) [12]. Recent prospective studies in patients that were
admitted for intensive chemotherapy or HCT found abnormalities on BCT in 36% (11 = 196) of patients
close to admission time, and 10% met the EORTC/MSG radiographic consensus criteria for IFD [13].
When BCT findings were abnormal, the risk of developing IPA doubled as compared to unremarkable
BCT findings [14]. A study that was conducted in Israel found abnormal BCT in 31% (1 = 295) of
patients; of these, 5% were diagnosed with IPA on admission and another 10% subsequently during
hospital stay. In the subgroup of patients with de novo acute myeloid leukemia (AML), 55% of IPA
were detected by BCT [15]. However, none of this has been the subject of randomized, controlled trials,
yet complicating the impact assessment of BCT on mortality and follow-up.

BCT appears to be a useful screening tool for identifying those patients that require treatment
for IPA rather than prophylaxis. However, the added value might depend on local epidemiology,
exact timing of the CT, specific imaging techniques, and it might differ between patient groups.
Since this patient population frequently receives mold-active prophylaxis during remission induction
chemotherapy, BCT might help to differentiate primary IPA from breakthrough invasive fungal
infection (BT-IFI) [16]. The guidelines do not recommend BCT in this high-risk group [9,17]. Currently,
it is unknown how widely BCT has been implemented and what the specifics of BCT use in hematology
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departments are. Therefore, we conducted a survey to determine the current BCT practice in hematology
departments throughout the world.

2. Materials and Methods

A web-based health services research questionnaire was designed and made accessible via
www.clinicalsurveys.net.

Members of the following scientific bodies were invited to participate: Working group on Infections
in Hematology and Oncology of the German Society for Hematology and Oncology (AGIHO), Acute
Myeloid Leukemia Cooperative Group (AML CG), Australian and New Zealand Mycoses Interest
Group (ANZMIG), European Confederation of Medical Mycology (ECMM), European Hematology
Association (EHA)—Study Working Group on Infections in Hematology, European Society for Blood
and Marrow Transplantation (EBMT), FungiScope® registry contributors, International Society for
Human and Animal Mycology (ISHAM), Mycoses Study Group Education and Research Consortium
(MSGERC), Epidemiological Surveillance of Infections in Hematological Diseases (SEIFEM), Austrian
Society for Hematology and Medical Oncology (OeGHO), and Swiss Society of Hematology (SHG-SSH).
The participants were encouraged to respond for their medical center and spread the survey through
their personal network.

All of the participants were asked to provide country and institution as an obligatory item, whereas
additional personal data, affiliated scientific organizations, and practicing specialty were optional.
The participants were encouraged to provide estimated annual numbers of patients that were treated
at their hematology center with the following underlying conditions: AML (de novo/relapsed), acute
lymphatic leukemia (ALL) (de novo/relapsed), and allogeneic HCT. The estimated rates of IPA in these
patient groups were to be provided.

The timepoints and techniques of chest imaging for the respective underlying condition were
assessed via a multiple-choice chessboard response form. Timepoints comprised at diagnosis,
at staging, at admission, before each chemotherapy course, upon signs and symptoms of respiratory
infection, at first fever, after 72-96 h of persistent fever, despite antibacterial treatment. The imaging
techniques to be selected were X-ray, computed tomography (CT), or no imaging. All of the indicated
timepoints of imaging may overlap. Baseline CT was not explicitly mentioned in order to obtain a
non-suggestive assessment.

CT scan specificities, namely contrast-enhanced or non-contrast, low-dose or standard-dose,
and evaluation of imaging through other specialties than radiology were assessed. Standard-of-care
follow-up CT imaging for diagnosed IPA were to be selected on day 7, 14, 21, 28, or none.

BCT was defined as the performance of a CT scan upon admission or at diagnosis of the
above-mentioned underlying conditions according to the two above-mentioned studies [14,15]. These
two groups may overlap. For practicability of the survey, “HCT” was listed in diagnoses but also
considered as medical history. Double-entries or invalid responses were not considered for statistical
analysis. Initially, the findings of BCT were to be assessed. This approach was abandoned due
to practical reasons, since even estimated determination of specific radiological findings for IPA is
highly complex.

Free text options were provided wherever necessary.

Statistical analysis used SPSS software version 25 (IBM, Chicago, IL, USA). Participants” data
entries from categorical variables were summarized employing frequencies and percentages. Median
and interquartile range (IQR) were used in the continuous variables. Categorical data were compared
while using Chi? test or Fisher’s exact test. A p value <0.05 was set as being statistically significant.

3. Results

Between July 1st and August 31st 2019, members of the above listed scientific societies entered
data into the survey form.
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Among 142 participants from 43 countries, 92 entered data for all of the questions. Seventy-nine
(55.6%) participated in Europe and sixty-three (44.4%) participated outside Europe. Countries with
highest participant numbers were Germany (1 = 32; 22.5%), Italy, and the United States (n = 11; 7.7%
each), followed by Brazil and Spain (11 = 6; 4.2% each) (Table 1 and Figure 1).

Participating centers per country

4

W vt
RO
Figure 1. Geographic Distribution of Survey Participants.
Table 1. Participant characteristics.

Country n =43 n [%] Continent n = 142 n [%]
Argentina 4 2.8 Europe 79 55.6
Australia 3 24 America 31 217

Austria 3 24 Asia 13 9.1
Belarus 1 0.7 Africa 15 10.5
Brazil 6 4.2 Oceania 4 2.8
Chile 1 0.7 European vs. non-European countries n [%]
Czech Republic 2 14 Non-European 63 44 4
Egypt 2 14 European 79 55.6
Finland 2 14 Medical specialty* n [%]
France 3 21 Infectious Diseases 69 48.6
Germany 32 22.5 Hematology 68 479
Hungary 1 0.7 Microbiology 15 10.6
India 4 2.8 Intensive Care 8 56
Indonesia 1 07 Oncology 6 4.2
Israel 2 1.4 Pediatrics 4 2.8
Ttaly 11 77 other 8 5.6
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Table 1. Cont.

60f13

Countryn =43 n [%] Continent n = 142 [%
Lebanon 2 1.4
Malaysia 3 21

Mexico 1 0.7
Nepal 1 0.7
Netherlands 1 0.7
Nigeria 1 0.7
Pakistan 1 0.7
Peru 3 2.1
Philippines 1 0.7
Portugal 1 0.7
Qatar 1 0.7
Romania 1 0.7
Russia 2 1.4
Saudi Arabia 1 0.7
Serbia 2 1.4
Singapore 1 0.7
Republic of Korea 1 0.7
Spain 6 42
Switzerland 4 2.8
Taiwan 2 1.4
Thailand 1 0.7
Turkey 5 35
United Arab Emirates 1 0.7
United Kingdom 5 35
United States of America 11 77
Venezuela 3 21
Overall 142 100

* numbers are super-additive.

Specialties involved were infectious diseases (11 = 69; 48.6%), hematology (n = 68; 47.9%),

microbiology (1 = 15; 10.6%), intensive care (i1 = 8; 5.6%), oncology (11 = 6; 4.2%), and pediatrics (i1 = 4;

2.8%) (Table 1).

The estimates of total overall annually treated patient numbers at participating hospitals (n = 101
responses) include 5505 AML (3736 de novo; 1769 relapsed), 2641 ALL (1817 de novo; 824 relapsed),
and 5287 allogeneic HCT patients. The estimated median numbers of annually treated patients are 40

(IQR 18-70) for AML, 16 (IQR 7-35) for ALL, and 35 (IQR 2.5-75) for HCT (Table 2).
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Table 2. Patient numbers treated annually (at participating sites).

=101 AML AML AML ALL ALL ALL Allogeneic
S Total de novo Relapsed Total de novo Relapsed HCT *

: 40 25 10 16 10 5 35
Medism (JIOR) g o (10-50) (5-25) (7-35) (5-20) (2-10) (2.5-75)
(Min—-Max) 0-377 0-300 0-150 0-206 0-150 0-60 0-400

Overall
annually patient 5505 3736 1769 2641 1817 824 5287
numbers

* this group may overlap with others. AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia;
HCT = hematopoietic cell transplantation, IQR = interquartile range.

CT and/or X-ray across all patient groups is performed, as follows (1 = 95 responses). At disease
staging, X-ray is done in 34% (1 = 32) and CT in 49% (1 = 47), no imaging in 45% (1 = 43). Before the
beginning of chemotherapy administration, X-ray is performed in 34% (n = 32), CT in 18% (n = 17) and
no imaging in 61% (1 = 58). Upon initial signs or symptoms of pneumonia, X-ray is carried out in
40% (n = 38), CT in 76% (n = 72), and no imaging in 3% (n = 3). At first fever, X-ray is completed in
48% (n = 46) and CT in 20% (n = 19), while, at persistent fever, over 72 to 96 h 15% (1 = 14) and 89%
(n = 85) do X-ray or CT, respectively. In these two situations, 41% and 8% do not perform any imaging,

respectively (Figure 2).

89%
76%
69%
61%
48% 48% 49% 45% 48%
% o 40% 41%
" ., 34% 34% :
24% =y g 20%
18% ; 15% .
| [ i BB EE N
- E
> = ap > — oo > - [T} > — Bo > - [T} > — oo > — 1))
o o = @ o = o o c o o c o (&) c o o c o (= c
i w5 o % w  F ‘W | ‘W % W | T ‘an
> © = ] > v} = (] > ) = (1] > ()
E = E = E = E
o o) o) ) o o o
Z z = 2 z 2 z
At Admission At Diagnosis At Staging Before each = Uponsigns of At first fever = After 72-96
chemotherapy respiratory hours of
course infection persistent
fever

Figure 2. Shows the different timepoints and techniques of chest imaging in high-risk hematology
patients in detail; n = 95. CT = computed tomography.

At admission or at diagnosis of malignancy, X-ray is performed in 48% and 69% of participating
centers, respectively. At the same timepoints, 24% and 48% of centers performed CT, respectively.
As per our definition, this qualifies as BCT, which makes a proportion of 56.8% (11 = 54) of centers
performing BCT for any timepoint and condition (11 = 95). Detailed BCT numbers at admission are
13.7% (n = 13) and 14.7% (1 = 14) for de novo and relapsed AML, respectively, 11.6% (1 = 11) and 14.7%
(n = 14) for de novo and relapsed ALL, respectively, and 16.8% (n = 16) for HCT. The detailed BCT
numbers at diagnosis are 20.0% (1 = 19) and 25.3% (i = 24) for de novo and relapsed AML, respectively,
26.3% (n = 25) and 29.5% (1 = 28) in de novo and relapsed ALL, respectively, and 37.9% (1 = 36) for
HCT. Overall, HCT is the underlying condition that is most frequently triggering BCT (44.2%; n = 42)
and BCT is more frequently performed in relapsed than in de novo acute leukemia (Figure 3). The first
implementation of BCT in a center was in 2010. Table 51 displays detailed timepoints, techniques,

and numbers of chest imaging with respect to the underlying condition.
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58 37.9
25.3 253
16.8

3
31.6 30.5

56.8
48
_— 29.5 y
20
I13.7I 14.7 Ill's I14.7 I

AML de novo AML relapsed ALL de novo ALL relapsed allogeneic HSCT  Any condition#

M CT at diagnosis [%] ™ CT at admission [%] ™ Baseline CT (at diagnosis and/or at admission) [%]

Figure 3.  Underlying condition and performance of X-ray or CT at diagnosis or at
admission, respectively—defined as Baseline CT; n = 95. # Numbers are super-additive.
CT = computed tomography; AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia;
HCT = hematopoietic cell transplantation.

CT is contrast-enhanced in 37.6% (1 = 35) and non-enhanced in 62.4% (n = 58). CT is low-dose in
37.6% (n = 35) and standard dose in 62.4% (n = 58) (total n = 93). The BCT scan specificities are 33.3%
(n = 18) enhanced and 66.7% (1 = 36) non-enhanced while 61.1% (17 = 33) are standard-dose and 38.9%
(n =21) low-dose. In addition to radiology reports, the participants mostly read CT scans themselves.
For BCT centers, this is the case in 87% (1 = 47) (Table 3).

Table 3. Chest computed tomography (CT) specificities.

Chest CT Specificities n [%]
Chest CT contrast-enhanced 35 37.6
not contrast-enhanced 58 624
All Standard-dose CT 58 624
centers n =93 % Doses
Low-dose CT 35 37.6
4 Yes 79 84.9
CT assessment

No 14 154
Chest CT contrast-enhanced 18 33.3
not contrast-enhanced 36 66.7
Baseline CT centers Doses e el o1 s Akl
only n =54 Low-dose CT 2, 38.9
Yes 47 87.0

CT assessment *
No 74 13.0

* total i of response to the respective question; * participants indicated if they evaluate chest imaging themselves
despite not being radiologists. CT = computed tomography.

Overall, the median estimated rate of IPA is 8% (IQR 5 to 14%; n = 94). In non-BCT performing

centers, it is only 7% (IQR 5-10%; n = 37), whereas it is 9% (5-15%; n = 52) in BCT centers (p = 0.69)
(Table 4).
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Table 4. Median estimated invasive pulmonary aspergillosis (IPA) rates.

n Participating Centers IPA Rate, Median (IQR) p-Value
. Overall participating
s centers 11 = 94 i )
BCT centers
9 (5-15
n=289*% i ; ; o
non-BCT centers
0= 37 7 (5-10)
European centers
n =58 106-15) 0.25
n=94*%
non-European centers 8 (5-14)

n=236

*total 1 of valid responses to the respective questions. IPA = invasive pulmonary aspergillosis; BCT = baseline chest
computed tomography.

European centers perform BCT in 59.0% (1 = 36), while non-European centers do so in 52.9%
(n = 18). The reported estimated IPA rates do not differ between European and non-European centers
(medians 10% vs. 8%; p = 0.25) (Table 4).

Follow-up CT imaging in the case of IPA diagnosis (1 = 92) is performed in 97.8%. CT on day 7
after IPA diagnosis is performed in 27.2%, on day 14 in 65.4%, on day 21 in 33.7%, and on day 28 in
28.3% of centers. Other timepoints for follow-up CT were indicated in 14.1% (n = 13) (Figure 4).

65.4
337
272 283
14.1
—_—

Day7 Day 14 Day 21 Day 28 Other timepoints  No follow-up
chest CT
Figure 4. Timepoints and percentages of follow-up CT if IPA was diagnosed in a patient, n = 92 valid
responses. CT = computed tomography; IPA = invasive pulmonary aspergillosis.

4. Discussion

In this web-based survey study, 142 participants from 43 countries contributed to assessing current
chest imaging use in high-risk hematology patients. BCT, defined as chest CT at diagnosis or at
admission, is performed in 57% of centers to detect IPA early. The BCT rates in relapsed acute leukemia
and in allogeneic HCT recipients are higher than in de novo acute leukemia [18]. As an expected
finding, CT is mostly part of diagnostic-driven approaches, in particular in the case of persistent fever
or suspected pneumonia, as recommended by guidelines [9,17].

Despite the acknowledged reduced diagnostic accuracy of plain radiography compared with CT

for detection of IPA in neutropenic patients, it is still broadly used as a frontline investigation [19,20].

Chest X-ray was the preferred imaging procedure at baseline, although a negative X-ray calls for the
more sensitive CT and a positive X-ray demands a standard or low-dose CT for its higher diagnostic
specificity [19,20].

Low-dose CT detects and characterizes lung lesions in neutropenic patients early and with equal
precision when compared to standard-dose CT [21,22]. Still, the use of standard-dose CT is more
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widespread than low-dose CT. When BCT is implemented, one needs to keep in mind that the effective
radiation dose of modern techniques is less than that of a conventional standard dose CT [23]. Therefore,
introducing low-dose BCT might provide acceptable radiation exposure and allow for early diagnosis
of IPA with a lower fungal burden and improved patient outcome [24-26]. This point is particularly
important for pediatric cancer patients as most will be long-term survivors. However, pediatric data
for BCT is limited [27].

The median estimated IPA rates appeared to be higher with BCT in this survey, a finding that
is in line with previous single center studies, but also underlying relatively small sample size and
comprising the inherent bias of diagnosing more 1PA episodes than without BCT [14,15]. The higher
IPA rate suggest BCT as being likely beneticial for early diagnosis, also if asymptomatic. Early CT
in hematological patients has been proposed to detect IPA at an early state of disease potentially
improving patient outcome [28]. However, early findings on CT frequently do not match EORTC/MSG
criteria and can delay diagnosis and subsequently deteriorate disease prognosis [29]. Therefore, in the
revised EORTC/MSG radiological criteria, it was decided to include a broader range of radiological
findings [13]. These were recently validated, revealing that nearly one-third of IPA patients presented
with a consolidation pattern, but without typical nodules on the first CT [30].

Follow-up CT was more frequently indicated on day 14 than on day 7. Reflecting the course of
infiltrate size, the aspergillosis EQUAL score recently suggested CT scans on days 7, 14, and then 21 or
28, but that is only practiced in 3% of the studied sites [11,31]. Some past studies did not favor baseline
chest imaging due to low yield, although study design and population differed in their analyses [27,32].
To the knowledge of the authors, prospective clinical trials assessing baseline CT findings on patient
outcome are lacking.

QOur study has its limitations. First, 36% of respondents did not complete all of the questionnaire
items. Second, only members of scientific bodies were invited to respond. Finally, frequencies were
asked as estimates and may, thus, be imprecise. The widespread lack of in-house surveillance systems
might make reported practices and fungal incidence imprecise. Our definition of BCT only comprises
timepoints, but does not consider the heterogeneity of patient groups and their individual risk for
IPA, such as heavily pre-treated patients that are admitted for HCT. The strengths of the study lie in a
worldwide distribution of participants and an extensive analysis of chest imaging policies in high-risk
hematology patients.

In conclusion, BCT in high-risk hematology patients has evolved into a standard of care in
many centers worldwide, despite the absence of randomized controlled trials (RCTs) evaluating this
procedure. However, chest X-ray, as the inferior technique, is still widely used. Low-dose CT techniques
are apparently underused. Although much depends on local epidemiology, risk stratification of patients
and local resources, centers considering the implementation BCT may find it useful for early diagnosis
and the treatment of IPA in high-risk hematology patients.
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Monitoring trough voriconazole plasma concentrations in
haematological patients: real life multicentre experience

Zdenek Racil,""* Jana Winterova,'* Michal Kouba,? Pavel Zak,? Ludmila Malaskova,*
Lucie Buresova,® Martina Toskova,' Martina Lengerova,’ Iva Kocmanova,® Barbora Weinbergerova, '
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Summary The objective of this retrospective study was 0 evaluate results from vorieonazole
therapeutic drug monitoring (TDM) in haematological patients in routine clinical
practice, Between 2005 and 2010, 1228 blood samples were obtained from 264
haermatological patients  (median 3 samples/patient; range 1-27)  receiving
varteonazole for targeted /preéemptive treatment of invasive aspergillosts (TA) (46.3%
of samples), empirical therapy (12.9%) or prophylaxis [40L8%). A high-pressure liguid
chromatography assay was used to analyse vorlconazole concentratbons, Clinkeal and
laboratory data were analysed retrospectively. The median of the detected voriconazole
plasma concentration was 1.00 pg ml™ frange =0,20-13.47 pg mi ") Signiflcant
inter- and intra-patients variability of measured concentrations (31.9% and 50.5%)
were Wentified. With the exception of omeprazole admintstration, there was no
relevant relationship between measured voriconazole concentrations and drug dose,
route administration, age. gender, CYP2OIW'I genotype. gastrointestinal tract
abnormality, administration via nasogastric lwbe, serum  creatinine, and  liver
creymes. Hewever, per patient analysis dentified  slgnifleant role of  bdividial
voriconazole dose and drug form change on measured plasma concentration.
Measured voriconazole concentrations did noe correlate with the reatment outeome
of patients with 1A, We only identified a limited number of adverse events related to
voriconazole therapy: however, the median plasma concentration was not different
from concentrations measured in samples without reporied toxbeity. Our retrospective
study has suggested that routine menitoring of vorcomazole plasma concentrations
has probably only a limited role in daily haematological practice,

Key waords: Vorleonmeole, plasma concentration. haematologheal mallgnancy.
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Introduction

Tnwvashve fungal diseases (IFDY are an important cause of
morbidity and mortality in paticols with haematological
diseases, " Voriconazole Is o brosd-spectrum triazole
used for the trestment of proven and probable [FD
{matnly Invasive aspergillosis'l, as well as for prophy-
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laxis of these diseases in high-risk  haematological
patients. ™"
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Some recent studies have suggested a possible refa-
tionship between voriconazole plasma concentration and
the therapeutic outeome of reated Infection™ ™ as well az
drug toxicity."" However, it is well-known that several
variables may influence the steady-state voriconazole
plasma concentration, ncloding modification of bioavail-
ability from food due o the oral formulation, non=linear
dose response, hepatic metabolism, genetic polymaor-
phism of eviochrome P450, and drug=<drug  inter-
actions."""" Therefore, the clinieal setting where
voriconazole therapeutic drug monitoring (TDM} should
be used, whether it be routinely or situation-based only
[ Fallure of therapy or pessible dirug eelated Loxicity), is
still a matier of debate. Morcover, only one study to date
has shown that chaonging the dose based on a single
measurement of plasma concentration led to an increase
in the subseguent voriconazole plasma concentration
that resulted in an improvement in patient outeome.”
Above all, the wast majority of published studies were
conducted on a limited number of patients with a lmited
number of ohtained samples per patient,” ™17

Therefore, in this study, we condocted & large
relrospective amalysis of patients in three tertiary cire
hospitals in the Crech Republic to evaluate the role of
voricomnazale TDM in o veal clinical setting, This study
aimed to identify clinically  important  Factors that
possibly affect measured plasma concentration, and
finally to investigate the possible role of the measared
voericenazole plasma concentralions on the outcome ol
patients treated for proven and probable invasive
aspergillosis or on the development ol reported adverse
events assoclated with administration of this trizzoele in
routine clinical practice,

Methods

All adull patients treated with voriconaeole at three
tertiary  care haematological centres In the Crech
Republic (Department of lnternal Medicine - Hemalol-
ogy and Oncology, Masaryk Untversity and University
Hospital Brmo, Broo: Institute of Hematology and Blood
Translusion, Prague; and Department of Medicing 2 -
Clinical Hematology, Universily Hospital and Charles
University, Faculty of Medicine, Hrades Kralove)
between 20H05 and 2000, and who had received
vorieonazole TDM as a parl of rontine procedures were
identified from medical records. The patients” clinical,
laboratory, and pharmacy dats were retrogpectively
analysed. Voriconazole TDM was performed al the
dizeretion of the treating physiclan. In most cases,
TOM was used to inlorm the physician of the achieved
voriconazole plasma concentration after the start ol

therapy or after a change in voriconazole dose or form.
In addition, TDM was performed il there were concerns
about fallure of therapy or @ suspected adverse event
Possible voriconazole dose adjustments were decided by
the treating physician and ocearred when. based on the
literature, voriconazsle plasma concentralions. were
Identified as inadequate or high, Clinical condition igself
was only exceptionally the reason lor voriconazole dose
change, The Institutional Review Board ol the Univer-
sity Hospital Brno approved this study.

TFor the analvsis of the relationship between vorico-
nazole plasma concentration and outcome of invasive
aspergillosis, the Buropean Organlgation for Bescarch
and Treatment Cancer (EORTCAMSG) criteria for the
definition of proven and probable wvasive aspergillosis
(TA)"™ &5 well as the definttion of treatment outcome'®
were wsed Adverse events were marked as possibly
related to voriconazole in the absence of any other clear
explaration (Le, any other medications with similar side
eflects or a clinical condition with similar signs and
symploms). Por evaloation of hepatic toxicity, liver
[unction tests results from the day of voriconazole
plagma level sampling (if not available, the earfiest
available subsequent Hver function test analvsist were
used, Common Terminology Criterta for Adverse Events
(CTCAEl wersion 4.0 (http/ ‘hitps//etep.cancer gov/
protocelDevelopment/electronic_applications/cte. him#
rle_sHY were used for toxicity assessment.

Trough voriconazole plasma  concentrations were
drawn 15-30 min prior to the next dose of the drug
given in 12 h intervals, Time of administration of the
last dose of voriconazole and exact time of blood
sampling was routinely collected, Thus, samples that
did not sirfetly fullil mentioned prespecified criteria lor
trough voriconazole conceniration measurement wery
nod Included in the analvsis. Concentrattons  were
quantified wsing a standardised high-pressure liguid
chromatography assay at each participating centre with
the technique proviously deseribed ™ For stotistical
analvses. wny results below the limit of detection
(=43.20 pg ml™ ') were marked as 0.

For the analvsiz of CYP2C1%* 2 and *3 polymorphisms,
retraspectively, collected and stored pationts’ DNA from
routime analvses le.g. CMV viral load determination) was
used, The DNA way extracted from 5 ml of EDTA-anti-
coaguiated peripheral Blood using the (MMAsmp Blood Kit
(Diagen, Germany), [n 142 subjects, stored DNA was
avallable and was tested on s ome-thme basks for
CYP2O19%2 (AR1G=A) (red244385) and CYP20197)
[A36G>A) (re98AES 1) nelng commerclal Taghan Drog
Metabolism Genotyping  Assays (Applied Biosystems,
Forster City, CA. USA) at the end of the study.

& 112 Blackaol Vedag GmbH
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For statistical analysis, the software Statistica [Stat-
Soft Inc. (2010)]. Statistica (data analysis softwarc
system, version 9.1. http://www.statsoft.com), and R (R
Development Core Team. 2009) were used. Proportions
were compared with the M-L Chi-square or Fisher exact
tests, as appropriate. Continuous variables were com-
pared with the Mann-Whitney or Kruskal-Wallis axova
tests, as appropriate. The relationship between vorico-
nazole plasma levels and another continuous variable
was examined using the Spearman correlation coeffi-
cient. A twossided P-value <0.05 was considered
statistically significant. Inter- and intra-patient variabil-
ity was estimated using a coefficient of variation.

Results

Measurements of voriconazole plasma concentration

During the study period, 1228 samples from 264
patients with haematological disease were analysed
[mean and median 4.7 and 3 (range 1-27) samples per
patient]. Table 1 shows the patient characteristics and
indicates the type of voriconazole administration used
during the sampling.

The majority (89.0%) of samples were obtained during
administration of the oral form ol voriconazole, with
400 mg day~" being the most frequent dose used (69.1%
of all samples and 71.2% of samples obtained during oral
administration of the drug). The absolute daily doses as
well as daily doses per kilogram of patient weight were
significantly higher with the administration of the
intravenous form of voriconazole (P < (0.001: Table 1).

The mean and median of the detected voriconazole
plasma concentration were 1.40 and 1.00 pg ml™’
(range <0.20-13.47), respectively. The inter- and
intra-patient variability in the measured voriconazole
plasma concentrations were 83.7% and 66.5% for all
patients, respectively. The values of identical parameters
in the homogenous group of patients treated with 400 mg
day™" orally only were 81.9% and 50.5%, respectively.

Voriconazole levels were undetectable  (<0.20
pg ml™") in 10% of analysed samples and <1.00 and
2,00 pg ml™" in 50% and 76% of all samples, respec-
tively. The voriconazole plasma concentration exceeded
5.00 pg ml™! (range 5.12-13.47 pg ml™") in only 38
(3.1%) samples from 26 (9.8%) patients.

Dose- and voriconazole form-concentration relationship

There was no significant correlation between vorico-
nazole daily dose (total as well as per mg kg™') and
measured  voriconazole  plasma  concentrations

© 2012 Blackwell Verlag GmbH
Mycoses, 2012, 55, 483-492
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(N = 1225, rg = 0,055, P = 0,056 for absolute daily
dose and N = 1080, r¢ = 0.035, P = 0.253 for daily
mg kg™’ dose). Moreover, there was no significant
difference between voriconazole plasma concentrations
obtained during the administration of oral or intrave-
nous lorms of the drug (P = (0.298).

Importantly, even a global analysis did not identify
any relationship between daily voriconazole dose and
measured plasma concentration, the analysis of indi-
vidual patients results and their change alter modifica-
tion of the daily dosing of the drug found a significant
role of individual voriconazole dose changes (absolute
daily dose as well as daily dose in mg kg™') in the
change of measured plasma concentration (Fig. 1a and
b: P < 0.001 for both dosing). Similarly, the global
analysis did not find differences in voriconazole concen-
tration between oral and intravenous forms of the drug:
however. when the analysis was conducted on a per
patient basis, differences in the concentration were
observed. When the intravenous form was switched to
the oral form of the drug (N = 21), the mean daily dose
decreased by 0.52 mg kg™' (SD 2.15) and the mean
voriconazole plasma concentration decreased by
0.6 pg ml™' (SD 1.88). In contrast, when the oral form
was switched to the intravenous form of the drug
(N = 14), the mean daily voriconazole dose increased
by 0.14 mg kg ' (SD 1.85) and the mean voriconazole
plasma concentration increased by 0.52 pg ml™' (SD
1.52).

Factors affecting measured voriconazole plasma
concentration

Several factors that possibly affect voriconazole plasma
levels were analysed. We found that administration of
omeprazole significantly increased the voriconazole
plasma concentration (P = 0.008). In contrast, gen-
der, the genotype of CYP2C19*2 (wild-type or het-
crozygote), abnormality of the gastrointestinal tract
(defined as mucositis and/or ileus and/or intestinal
graft vs. host discase), and administration of vorico-
nazole through a nasogastric tube did not aflect the
measured  voriconazole  concentrations  (Table 2).
Moreover, we identified a significant positive correla-
tion of voriconazole plasma concentration with
age, level of serum creatinine, bilirubin, aspartate
aminotransferase, and gamma-glutamyl transferase
(Table 3). However, these correlations were very weak
(r¢ = 0.060-0.234), and therefore although these
data are statistically significant, the clinical Impact is
very limited or minimal (Table 3). Morcover, multi-
varlant analysis using linear regression model

293



7 Racil et al.

Patients
No. of patients 264
Age (years) - median {range) S1.(18-770)

Gender - male/female (n, %)
Patient’s baseine dsease - n (%)

154 (58.3%) /110 (41.7%)

AML 118 (44.7%)
AlLL 30 (11.4%)
NHL 26 (9.8%)
ML 16 (6.1%)
(218 15 (5.7%)
L] 13 (49%)
Other 46 (17.4%)
Patient’s CYP2C19 genotype — n {%6)
CYP2C19°2 — wild type /mutated heterozygote / 103 (72.5%)/39 {27.5%)/0'
mutated homozygote
CYP2C19*3 - wild type/mutated heterozygote/ 87 (100%)/0/0%
mutated homozygote
Samples
No. of samples 1228
No. of samples per patient - median (range) 3(1-2n
Days from the start of therapy 10 sampling - median (range) 26 (1-409)°
Vericonazole form during sampling
Oral = N (%) 1093 (89.0%)
Intravenous - N (%) 133 (10.8%)
Not known = N (%) 21(0.2%)
Vericonazole dose during sampling
Vorionazole dose (mg day~') - median (range):
All samples (¥ = 1225) 400 (200-1200)"*
Oral form only (X = 1090) 400 (200-1200)"¢
Intravenous form only (N = 133) 400 (200-800)5%
Vorkonazole dose {mg kg~' day™") - median (range):
All samples (N = 1080) 5.8 (2.2-27.37
Oral form only (N = 955) 5.7 (2.2-27.3)**
Intravenous form only (N = 123) 671(23-133)%%
Anticancer therapy during sampling
Alogenex HSCT 708 (57.6%)
Induction/renduction / consolidation therapy of acute leukaemsa 284 (23.1%)
Autologous HSCT 70 (5.7%)
Other 118 9.6%)
None 10 (0.8%)
Indiation for vors le during sampling
Therapy of proven IFD 59 (48%)
Preemptive therapy of probable or ble 14 510 (41.5%)
Empincal therapy of febrile neutropaenia 158 (12.9%)
Prophylaxs {including secondary prophylans) 501 (40.8%)

T Analysis performed In 142 patients.
*Analysis performed in 87 p
'In 8 samples the time perlod was not known.

“In 3 samples the dose of voriconamle was not known.

*In 2 samples the form of voriconamle was not known.

“During admi ion of i form of vori le the dose (mg day™") of the drug
was significantly higher (P < 0.001) (Mann-Whitney test).

7In 148 samples. the actual weight of the patient or voriconazole dose was not known.
*During administration of i form of vori le the dose Img kg™" day™") of the
drug was significantly higher (P < 0.001) (Mann--Whitney test),

ALL acute lymphoblastic leukaemia: AML, acute myeloid leukaemia: CLL, chronic lympho-
cytic keukaemia; CML. chronic myeloid keuk ja: HSCT. h poictic stem cell trans.
plantation: IA. Invasive aspergiliosis [FD, Invasive fungal disease: MM, multiple myeloma;
NHL, non-hodgkin lymphoma.

Table 1 Baseline characteristics.

© 2012 Blackwel Verag GmbH
Mycoses, 2012, 55, 483-492

294



[ Mean
Mean & F
T Mean = 2750

- =

i

Yuorstonarole plesms bevel change (gg mi o]

ke

Visriconaele TDM in haematological patsents

- 1 1 1 ™
Varkonamle dese change {mg day ')
N [ S0 1T 12 T ]
Mo voncanansdy
plasma beval cossiaml| uvszoaa| caes s oszoan] wviwn ] wasan
gl 1450
1L B
1 vy
[l iz = 5E
T e & 2750 A
]
g,
8 .
C
5 ¥ T
i "
By
&
i.
LI
Py I s s s . s 3
<l ALl 1A i Hin s TAmds == dd

Workonanle dess change (ng kg 1 pes iy

7 24

20 Exl 5] 1o

N

Wlzan vorie anaol:
I —

g od 1451

DE14AT)

10402 0| 010171 LR

146 (230}

Figure 1 The rale of deily vorfeonasole dose change in mg day” Yarand mg kg ! |1.1:|"' thi o imclividsal voriconamobe plasoma coneeniratiog,

explained only 3.6'% variability of measured vorico-
nazole plasma concentrations and thus was nod found
clinically relevant.

Relationship between measured voriconazole plasma
cancentration and efficacy

Fifty-three patients with proven (n = 11) or probable
(=42) IFDs (all invasive aspergillosis) from  our

2012 Blackwell Verlag GmbH
Wlpoomes, 2010, 55, 453492

patient  groups were available for anafvsis of the
refationship between measured  vortconazdle  plasma
concentration and therapy outcome, The median length
ol voricomagole therapy In this patient subgroup was
32 days (range 5-160 davs) and the median number of
voriconazele plasma concentralion measurements per
case was four (1-27). Thirty-three patlenis (62%)
received combined  antifunpgal therapy with echino-
candin, at least during a portion of this time
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Reazured voroonasode plasma Concentration

Tabde 2 Relutionship betiveen voricome-
wle plasma concentration and  pender,

pgendype ol CYP2CIYL, eeneprasole

higctan ancpe adminkstration, pasteakntestinal tact (GITI
g i } X I
Parameter L g mi™) fug i 95% 15 o ahnormality, and sibministration of voric-
Gander oz vin @ nasogastric bobe | Mann-
male 154" 1.20 2792 1.38-1,&1 a2z Whitney fest).
female 1y’ 114 (2548 1.16-1.5%
Ganatype 2013427
wild typi 03 1.12 <2598 1.16-1.56 aase
Faterazyeaie 397 1.45 0,256 37 1.30-1.99
Comeprazole adminisirasion
VEE a04 1.06 < 2-13.47 1.39-1.60 0.008
T A4 0.8 <0.2-738 1.11-1.324
Ahrarmality of GT*
VEE 182° 038 <0 2-5.82 1.05-1,35 0.15%
T 005" 1.05% «=0.2-808 1.31-1.4E
Adminitration via rasogastne tube
s an* 084 =0.2-531 &80-1.52 a3n
s 1053° 1.03 <0 1-2.98 1.29-1.45
Iabeulated por pittient jmean plasma concentration |,

*Mutated homasygite of CYP2019°2 was not idetilbed b sor patlent popalation
"Cabeulated per putient fmean plasma concentration]. In 122 patients. the identilication of

CYP2C19%2 genotype was niot performes).

Mrefined a3 presence of mucositis andSor lets aondsor intesting! graft vs, host disease,

*Cabeulated only for samples obiained during administration of aral form of voricomaznde.

Signbficant valees are given o bold,

Tabla 3 Correlation betwesn voricomazsde plasma: comcoeniniim
and age; serm creatinke, total serum peetebn, albamle, serom
bifliewbsin, liver cngymes, and serum anumoiis | Speasman corvela-
tomh.

Parameter 1] Fi P

Age’ 264 0234 <0001
SEFAT: Creafinine 1158 Q096 o.001
Total serum protein 04 -0038 249
Serum alumin aar -0 025 T.462
Serum bileubm o $0a0 045
Alanire fransaminase 54 (RLFER] 300
Aspariate aminotransferase 1034 o0 0003
Gamma whitarnyl anilerase ey [l ] LR
Alkadine phasphatace 1159 o5 054
Sariam ammania an G002 L

For pviuluation of bepatic toxicity, liver function tests rsulis Ieane
the duy ol voricoaesbe plasma level sampling (i med aveilable, the
eqrliest avuilahle subsequent Bver fonction test analysis) were
tesed,

Calbeulated per pilsnl fmean p|aﬁnw concenkration |,
Significant walues are given in bold,

There was no significant difference between the
voriconazole  plasma  concentration  measured o
the end of therapy and the outcome of treated

invagive aspergillosis cases (Table 4), Moreover, para-
doxically, patients with better treatment outcomes had
sipnificantly lower first measured voriconazle plasma
concentration during the therapy, as well as a lower
mean of voriconazole plasma concentrations chtained
during the. entire therapy  period (Table 41, This
lack of dilference between the freatment outcome
groups or paradoxically higher measured vorconazole
plasma  concentrations (first sample, sample at the
end of therapy, or mean concentration from all
obtained samples during therapy) in paticnts with ther-
apy [ailure was alzo found when the subgroups of
paticnts with and withoot combined antilungal ther-
apy, or patienis with proven and probable aspergillosks
only where analysed separately (data not shown).

There was a higher number of vorconaeole dose
changes in patients with & successful treatment out-
come compared with patients with therapy Failure,
although it did net reach significance (55 8% vs. 33.3%.
respectively; P = (L1251 However, regardless of a
continuous increase in voriconazole dosing during
trestment in patients with a successful  treatment
outcome, the median vortconazole plasma concentra-
tior i subsequent  mensurements  revealed  shmiliar
resulis in these two patient groups (Table 5).

@ X112 Blackwel Verlag GmbH
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Tabde 4 Measured voricoeaeede plasima concentralion in palients acconding o outcome of Gy of provenprobable invasive asper-
il bosis

Concentrasion (ugmé ') in different groops of patents accord-
ing to tharapy outcome

SLKCrss Faiure #

First measured yonconazole plasma concentraton

Budian (range) |n] 0,68 (=l 2-3198) [n = 34] 229 {0.2E-7.00) [m = 15] 0.0083

Mo, (%] of patiants with concentraton <1 pg mi™' 19 {55 &%) 3 (20.0%) 0,029

M. (%) of patients with concentraton <2 pg i 24 179.4%) 1B, T 0.041
Last measured plasma concentration before the end of therapy

Bledian (range) |n] 0.90 (ol 2-541} |1 = 29] 207 {=0.2-6.96] |n= 11] 0.2ed

Mo, %1 of patients with concentration <1 pg ml ™' 15 151, 7%:) 3 (27.3%:) 0,285

Mo, %) of patierts with concentraton <2 pg mi-' 22 175.9%) 5 5. 5%) 0128
Mzar wonconazele plasma concentratan from all abtsined sargles duning the thesapy

BAedian (range) [n] 130 (oD 2=-3.321% [n = 37] B4 {0,705 08) [n = 16| 0.033

Mo, (%) of patients with concentration <1 pg mi~' 15 140 5% 2 112.5%) 0.0s8

Mo, 1% of patierts with concentration <2 pg mi~' 27 173.0%:) 9 156.3%) 0.337

Sueeess = defined as complete ad partial response; Failore = defined as stable disease, progression, and attrbuied death w invasive
aspergillistn Mumber of patiests differs according o the availubifity of vericonazale plisma measurement =

Stgndlbennt values are given i Bkl

Tabde 5 The change of yorconaeole dose and messored yoncenazele plasma concendration during. the therapy of proven/ probakhle

lovastve mspergifosls according (e drestment suteeme groups,

1. sairple 2. sample 3. sample 4 sampls

Successful outcome at the end of therapy of proven./probabde invasive aspergilosns

Mo of analysed patenic 34 33 19 12

orlconazoke daly dose img day ' — medan (range) A0 1400-600) 400 {200-B0a) B30 {Z00-B0H 600 (400-Bo

Yoriconazol plasma congeniration = median {range) 083 {0-398] G E2 D=2 BN P02 =108 1.05 {0=13 475

Mo %) gf patierts with concentraton <1 jag i 19 455 98| V351,55 8 142.1%) 5141 ¥k
Fallure of therapy at the erad of treatment of provenpoobabie invasive aspergitosis

Mo, vl analyied patenis 15 i2 B 3

Voriconazode daly daose (mg day ') - meden (rangel 400 (400-RO0) 400 (200-E00} 400 200400 400 (04000}

oriconazok plasma concentration — median {(range 2.29 10,287 000 2.1 (0.20-6.98) 1B [0-5.62) -

Mo, (%) of patients with concentratsan <1 pg ' F(20.0%) 1483 %: 3 (50.0%) 2 1667 Sl

Relationship between measured voriconazole plasma
concentration and toxicty

Only seven samples were related 1o possible vorteona-
e toxicity (nearoloxicity in one case and six episodes
of hepatetoxkcity ) with & medlan deug serum concen-
tration of 192 pg ml™" (range =0.20-4.352 ppml™
However. this concentration  was not  substantially
different from wvoriconazole concentrations measured
in =amples without reported toxiclty,

Discussion

This s the hargest study published to date that has
analvsed hacmatological paticnts reporting experience
with voriconaeele TDM in a real-life sctting, We con-

& 2013 Blackwsll Yerlag GrhH
fpcoses, H012, 55, 423493

firmed previously published studies showing significant
inter- and nira-patient variability of measured plasma
concentrations.”'® These variabilities were found 1o
reach 80% and 50% Inoor analvsis, respectively, which
miakes it impossible to predict @ measured concentration,
naot only among different patients treated with the same
dosging, bun also to predict the next voriconazole plasma
lewel during individual patient treatment. These lindings
conbirm those by Triflilio ¢ ol [ 16] which showed a poor
correlation between the initial and subsequently mea-
sured voriconazole plasma conveniralions,

(dar study also eonfirmed the categorical distribution
of resulis presented in previously published smaller
studies.'” Tn 10% of our samples, the drag was under
the limit of detection of the assay, and based on data by
Pascual ef al, (6] 50% of the anabvsed samples would be
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associated with a higher likelihood of failure in patients
treated for IFD.

Consistent with previous reports,”'” we did not
observe a correlation between the daily dose of voric-
onazole and detected plasma concentrations. Moreover,
to date, the influence of the route of voriconazole
administration on the measured plasma concentration
has not been analysed, with the exception of a small
study on healthy volunteers.*’ Similar to that study,”'
our study did not find an effect of the voriconazole
formulation on the plasma concentration. However, our
analysis showed that on an individual patient basis, a
switch from the intravenous to oral formulation led to a
decrease in the daily dose of voriconazole, which
resulted in a decrease in the measured drug plasma
concentration, and vice versa.

There are number of factors that have been shown in
the literature to either have a relationship with or affect
the measured voriconazole plasma concentrations, and
therefore play a role in drug plasma concentration
variability,"*'7##*2* The majority of these factors were
analysed in this large study presented here. Importantly,
we did not find any of these factors to have a clinically
significant influence on the measured plasma concen-
trations. The only exception was with the administra-
tion of omeprazole (a competitive inhibitor of
CYP2C19"%), that significantly increased the voricona-
zole plasma concentrations in our study. However, this
is in contrast to the study by Wood et al.[15] which did
not identify this proton pump inhibitor as factor
affecting voriconazole pharmacokinetics. Other drugs
that possibly interact with voriconazole metabolism
were not studied, however, none of the patients
analysed here received any known strong CYP450
inducers or inhibitors.'” Finally, preanalytic variables as
the standard sampling time and time of the last
voriconazole dose before sampling could lead to vari-
ability of measured drug plasma levels.”” However,
special attention was paid in our analysis to these
variables and all samples that did not fulfil strict
prespecified criteria were excluded. Thus, contrary to
Miyakis et al. [26], only true trough and no random
voriconazole plasma concentrations were measured and
used for analysis. Similarly, the role of Inclusion samples
obtained carly after the start of therapy in to the
analysis could be excluded, because in our study, only
4.2% of samples were obtained before the 5th day of
treatment, the day when steady-state vorlconazole
plasma concentration is achieved. After exclusion of
most of these factors, it Is very likely that the significant
variability in voriconazole plasma concentration was
caused by changes In voriconazole distributional vol-

4%

ume or drug clearance,*” which could markedly vary in
this population of severely ill, and often septic. haema-
tological patients during the treatment of IFD,

The expected role of voriconazole TDM in daily
clinical practice should be used as guidance for antifun-
gal treatment to improve efficacy and minimise toxicity.
Smith ¢t al. suggested that random concentrations less
than 2.05 pg ml™" are related to therapy failure.”” The
most cited work by Pascual ef al|6] found a higher
probability of antifungal treatment failure in patients
with random voriconazole concentrations less than
1.00 pg ml~'. However, due to significant intra-patient
variability of voriconazole plasma concentrations and
the difficulty in predicting the plasma concentration of
individual patients,’® it is unlikely that a single mea-
surement can predict therapy outcome. Therelore, a
more clinically relevant observation was described in the
study by Miyakis et al.. which showed that a median
voriconazole concentration less than 2.20 pg ml™’
during therapy was related to therapy failure.

In our study, we did not identify higher initial or
terminally measured plasma concentrations or mean ol all
measured concentrations in patients with a better treat-
ment outcome of invasive aspergillosis. Moreover, the
initial single concentration and mean of all analysed
concentrations were paradoxically significantly higher in
patients with therapy failure. Similarly, the number of
patients with a single initial or terminal concentration and
mean of measured concentrations less than 1.00 pg ml™?
(as suggested by Pascual et al.) as well as those with
concentrations less than <2.00 pg ml™* (as suggested by
Smith et al. and Miyaikis et al.) were identical or signifi-
cantly lower in patients with therapy failure (Table 4).

Moreover, when we analysed the number of patients
with a dose change during therapy, we again found a
higher frequency of changes and increase of voriconaz-
ole dose during the therapy in patients with a successful
therapy outcome compared with patients with treat-
ment failure. However, in patients with therapy success
who recelved even more frequent Increases in the
voriconazole dose, the terminally measured voriconazole
plasma concentration and the mean voriconazole
plasma concentration from the entire treatment period
were lower compared with patients who had therapy
failure. Moreover, the median voriconazole plasma
concentration in subsequent measurements revealed
similar results in these two patient groups regardless of
continuous Increase In voriconazole dosing during the
treatment in patients with a successful treatment
outcome (Table 5). This may reflect what Is seen In
common practice, when physicians, influenced by liter-
ature data, Increase the dose of voriconazole in patients

© 2012 Blackvsl Verdag GmbH
Mycoses, 2012, S5, 483-492
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with good treatment outcome solely based on low
measured voriconazole plasma concentrations. In these
cases, the dose of voriconazole Is not changed in the
majority of patients with progression of discase because
the analysis shows adequate drug plasma concentration.

It remains clear that treatment response in patients
with invasive aspergillosis is largely multifactorial and
dependent on many factors,”*” such as baseline discase
and activity, the type of immunosuppression, neutrophil
counts or increase in counts during the therapy, and
others. Therefore, it is unlikely that in real life practice,
a single parameter, such as the voriconazole plasma
concentration {a parameter that substantially varies
during therapy). could significantly influence the treat-
ment outcome.

Neurological®*” and hepatal® adverse events (AEs)
related to voriconazole therapy were reported to be
associated with high voriconazole plasma concentration
exceeding 4.00-6.00 pg ml™". In our study, we sur-
prisingly found a very low number of AEs that were
probably related to voriconazole therapy, and we did not
observe substantially different voriconazole plasma
concentrations during the AE episode compared with
other samples. Moreover. our study found a markedly
low number of samples where the measured plasma
concentration exceeded 5.00 pg ml™'.

In conclusion, our multicentre study (which although
importantly limited by a retrospective design. predom-
inance of orally treated patients, and a relatively small
number of patients with proven and probable IFD) was
not able to confirm previous findings (which are often
based on a limited number of measurements in individ-
ual patients) and the measured voriconazole plasma
concentrations in our study did not correlate with the
treatment outcome of patients with invasive aspergillo-
sis. Thus, voriconazole TDM is most likely only one
component, with less impact than expected, in the
complex management mosaic of patients with IFD. To
determine the definitive role of voriconazole TDM in the
management of IFD, a prospective study with two arms
is needed, which should include a treatment based only
on the clinical condition and a treatment based on
voriconazole TDM. Moreover, additional studies that
analyse the relationship of voriconazole plasma con-
centration and its tissue distribution®' in patients with
IFD could help to better explain this complex Issue.
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Background: The performance of the golactormannan enzyme immunoossay (GM-ELA) is impaired in patients
receving mould-octive ontifungal therapy. The impact of mould-active antifungal therapy on Aspergillus PCR
testing needs to be determinad.

Objectives: To determine the influence of anti-mould prophylaxis (4MP) on the performance of PCR blood test-
ing Lo aid the diognosis of proven/probable invasive aspergillosis (1A),

Methods: As part of the systematic review and meta-analysis of 22 cohort studies investigating Aspergillus FCR
blood testing in 2912 patients at risk of [4, subgroup analysis was performed to deterrine the impact of AMP on
the occuracy of Aspergiius PCR. The incidence of 1A was calculated in patients receiving ond not receiving AMP.
The impact of two different positivity thresholds (requiring either a single PCR positive test result or =2 consecu-
tive PCR positive test results) on occuracy waos evaluated, Meta-analytical pooling of sensitivity and specificity
was performed by logistic mixed-rmodel regression.

Results: In total, 1661 (57%) patients received prophylaxis. The incidence of 1A was 14.2%, significantly lower in
the prophylaxis group {11%-12%) compared with the non-prophyloxis group {18%-19%) (P<0.001). The use
of AMP did not offect sensitivity, but significantly decreased specificity [single PCR positive result threshald: 26%
reduction (P=0.005); =2 consecutive PCR positive results threshold: 12% reduction (P= 0.0159)).

Conclusions: Contrary to its influence on GM-E14, AMP significantly decreases Aspergilius PCR specificity, without
affecting sensitivity, possibly as o consequence of AMP limiting the clinical progression of 1A andfor leading to
false-negotive GM-E[A results, preventing the classification of probable 1A using the EORTC/MSGERC definitions.

Introduction

There is convincing evidence showing that both the sensitivity and
specificity of the galoctomannan enzyme immunoassay (GM-ET4)
ore impaired in potients receiving mould-octive ontifungal therapy
LAFT), M Previous exposure 1o AFT also needs to be considered
when interpreting Aspergilus PCR results, os onimal studies and
clinical trials both indicate that AFT may adversely affect test per-
formance.*™ Recently, o systematic review and meta-analysis
investigoting Aspergilius PCR blood testing to oid the diognosis of

invasive aspergillosis (TA) in immunocompromised patients was
performed.” Most patients had a hoematelogical malignancy, had
undergone H3CT or were solid orgon transplont (30T) recipients.
The mean prevalence of proven or proboble [A wos 16.3%
[769/4718 patients).* Pooled data showed that PCR has moderate
diognostic accuracy when used as a screening test for 14 in high-
risk patient groups.” The sensitivity and specficity of PCR for the
dingnosis of 1& varied according to the interpretative criterio used
to define a test as positive, Considering a single positive test result
as significant, the sensitivity ond specificity were 79.2% oand
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79.6%, respectively, changing to 59.6% and 95.1% when requiring
twio consecutive positive resulls, Diagnostic ORs (DORs), negotive
predictive values (NFYs) ond positive predictive volues (PFVs) were
14.8/28.8, 95%/92% and 42/ 70%, respectively, for a single positive
test/two consecutive positive tests.”

As port of the systematic review and meta-onalysis of cohort
studies investigoting Aspergilius PCR blood testing in patients
at risk of 1A, subgroup analysis wos conducted ond included on
evaluation of the impact of anti-moutd prophyloxis {AMP) on the
diegnostic accuracy of Aspergillus PCR. This manuscript describes
those findings.

Patients and methods

Meta-analytical review

The index tests included PCR testing of blood specdmens (whole blood or
serurny/plasmal. Subseguently, methodologcol heterogeneity was evident,
with different DNA extroction methods and PCR methods {e.g. nested,
PCR-ELISA, quantitative PCR). Depending an the original date of publicaticn,
provervprobable 14 was defined using either the orginal (2002) or the
revised (2008) Europeon Orgonization for Reseorch and Trectment of
Cancer/Mycoses Study Group Educotion and Research Consortium (ECRTCS
MEGERC) consensus definitions of invasive fungal disease (TFDLSE AL the
time of analysis there had heen no studies using the recentty published se-
cond revision of the EORTCMSGERC corsensus definitions; subsequently,
Aspergifius PCR was not @ mycological criterion for defining [4." Systemic
AMP wos defined when patients received itroconazole, voriconazole, posa-
canazale, amphatericin B or caspafungin,

The cumulative inciderce af 1A wos calculated in both patients recening
ard et receiving AMP, The impact of twe different posithity threshalds
(requiring either o single PCR positive test result or =2 consecutive PCR
pasitive test results) on diognostic accuracy wos evoluoted, as the latter
threshald is essociated with increcsed specificity. A meta-onalytical peoling
of sensitnity and specificity waos performed by logistic mixed-model regres-
sian, where the dependent varioble was the positivity of the PCR test and
the covoriates were ‘T4 "AMP {yes/no)” and ‘itraconozile wersus other
AMPF The final comparison was included as the efficacy of itracanazale
prophylows could be inferior to ather AMP, DOR, positive likelihcod ratio (LR
pasithe) ond negative likelihood ratio (LR negative] were ohtained as post-
estimotion results. PPY and NPV were colculoted using the Bayes® rule, as
indicoted by WHD, using sensitivity, specificity and prevolence data,” For
this purpose, the considersed inciderce was the value colculated for each of
the four mdividual groups, according to positivity threshold end prophylaxis.
Logistic mixed-model regression onalysis was used ower conventianal
mieta-analytical pooling {Table 52, available as Supplementary dato at JAC
Onling} as it presenves the randomization of each individuod study, thereby
liriting ony confounding bigs introduced through simple data p-unting."
Calculabors weare perfarmed with Statav. 16.0 and Microsoft Excel

Results

Cf the 29 primary studies included in the prirmary meto-analysis,
12 used AMP, across the entire population or in subsets of patients,
ond 17 studies did not use AMP, olthough 4 of these studies used
fluconazole for prophyaxis against certain Condida species. The
sensitivityfspecificity data for Aspergillus PCR ossociated with
EORTC/MSGERC-defined 14 and the administration of antifungal
prophyloxis was available from 22 primary studies (Table 51). Ten
studies administered AMP to all potients (n= 14328}, 10 studies did
not administer prophyloxs to any potients (n= 1027} and 2 studies
differentioted patients receiving (n= 223} or not receiving (n=224)

prophylaxis. [n total, 1661 potients received prophyloxis and 1251
did not receive prophylaxis,

The overatl incidence of 1A was 14.2% {55% CI: 13.0-15.5). The
incidence of 14 was significantly lower in the prophylaxis group
cormpared with the non-prophyloxis group: 11,9% (16401373, 95%
CIi10.3-13.8) versus 18.7% (2161156, 95% CI: 16.5-21.0) in stud-
ies using a single PCR positivity threshold; and 11.4% {155/1356,
95% CI: 9.8-13.2) versus 18.0% (720401, 95% CI 14.5-22.0}
in those requiring =2 consecutive pasitive test results; the differen-
ces were statistically significant (P<0.001), irrespective of the
threshold.

The use of AMP had no relevont effect on sensitivity, LR negative
and NPV, but decreosed specificity, LR positive and PPV (Table 1).
When examining data under the criterion of o single positive test
rasult (21 studies; 2529 patients, 1373 receiving prophylaxis and
1156 without prophyiaxis) the use of AMP decreased specificity
(from 0.86 to 0.60; P=0.005), PRV {from 0.57 to 0.23) ond DOR
(fram 25.7 to 7.60; P=0.01} (Table 1), Requiring =2 consecutive
positive results (12 studies; 1757 patients, 1356 receiving prophy-
laxis and 401 without prophylaxis), AMP use decreased spedificity
(from 0.98 to 0.86; P=0.019), PPV {from 0.87 to 0.37) ond DOR
(fram 98.1 to 11.8; P=0.02), but ogain had no significant impact
an sensitivity. Excluding studies with itraconazole prophylaxis did
not significantly affect the performance (data not shown).

Discussion

Sensitivity and specificity data were determined in subgroups aof
patients receiving or not receiving AMP from 22 cohort studies
reporting the disgnostic eccuracy of PCR testing of blood for the
diagnosis of I4 in immunacompromised patients, As expacted, the
cumulative incidence of 14 was significantly lower in patients
raceiing AMP. Prophylaxis significantly decreased the specficity of
PCR, irespective of the interpratative criteria used to define positiv-
ity. Corwersely, AMP had no significant impact on sensitivity.
Likewise, AMP decreased PPY considerably, but hod no retevant ef-
fect on NPV, A decrease in DOR with both interpretative criterio wos
observed. One limitation of the study is that the effect of AMP on
the PCR performonce of assays compliont with Fungaol PCR
[mitiative (FFCRT) rethodological recommendations was not evel-
uated. Given that most studies pre-dated the ovailability of these
recammendations, the number of compliont methods will be
limited ond subsequent additional analysis will be needed to de-
termine whether aptimal methoeds minimized the effect of AMP.
Data fromn clinical trials and the systematic review show that
mould-active antifungats affect the accuracy of GM-ELa,"10
Haowever, in thesa studies the effect of anti-mould drugs wos het-
erogeneous, depending on the incidence of breakthrough infec-
tions, time of drug edministration and positivity threshold esed for
the GM-ETA test. [n one study, AMP had anly o minor effect on
sensitivity ond decreased specificity, but the pre-test probability of
[4 weas very low (1.9%).° By contrast, other observotions suggest
that receipt of mould-octive antifungal drugs decreases sensitivity,
without any relevant effect on specificity. "™ This can be explained
by antifungol drugs limiting the detectable burden of GM antigen
through inhibition of growth and reduction of the Aspergiilus by-
phol load able to shed the antigen, which is only released into the
circulation during infection, when the fungus invedes the endathe-
lial compartment.'’ Indeed, GM is no longer recommended for

636

Z20Z Wy g | uo gani Ag 7 0Go08rSeE 0 fepe ne oo dnor MU By Sl W Dapeo|Esm

304



Antifungal prophylaxis impact on Aspergillus PCR performance

JAC

Table 1. Effect of AMP on aspergillosis incidence ond disgnostic test estimates as determined by togistic mixed-model regression

Positivity threshald: 1 pesitive PCR test

Positivity threshald: =2 positive PCR tests

Parameter prophylaxis

no prophylasis

prophiylaxis no prophylags

Incidence, n/N (%)
Senstivity (95% CI)
Specificity (95% C1)
DOR (95% C1)

LR positive [95% C1)
LR negative {95% C1)
PPY {85% C1)

NP (95 % C1)

1641373 (1194
0.8310.72-0.91)
060 {0.63-0.75)
760 {3.77-15.31)
2.10{1.30-2.50
0.28 {0.14-0.51)
0.22 10.15-0.28)
096 (0.95-0.%8)

21611156 (18.68)°
0.810.70-0.88)
0.86(0.75-0.92)F
1569(13.32-49.56)7

5T2 1265879
0.22(0.12-0.32)
0,57 (038-0.67)
0.95{0.93-097)

155/1356{11.43)
067 (0.51-0.79)
086 (0.71-0.93)
1180 (4.39-31,69)
4,62 (1.21-8.02)
0,35 (0.23-0.56)
037 (0.13-0.51)
0,95 (0.93-0.97)

721401 (17.98)°
0.70 [0.50-0.84)
098 (D.91-0.959)"

Q806 (20.79-462.60)"
30.29 (NE-72.30)
031 (L1 3-0.45)
D87 (NE-0.94)
094 [0.90-0.97)

NE, no estimote availatie. PPYs and MNPVs were calculated using the Bayes’ rule,
“Difference in incidence of T4 with ond without prophylaxis was significant (P= 0.001)

"The specificity wos significantly lewer under prophylaxis (P= 0.005).
“The specificity was significantly lower under prophylaxis (P=0.019},
“The DOR was significantly lower under prophyloxis (2= 0.013).
“The DOR wos significantly lower under prnph}lluxis P=0022],

routine blood screening n patients receiving mould-octve AFT or
prophylosis,' 12

The effect of AFT on the sensitivity of PCR assays for 18 has long
been debated. There is some evidence from animal models and
climical trials thot mould-octive antifungals imit PCR detection, bul
this effect is not consistent ecross studies.™* 17 Variation in the
antifungal administered, theincidence of [A and the study poputa-
tion will influence the pre-test probability of 1A and potentiol assay
performance, Our findings, bosed on o considerable number of
tricls and patients, did not show a significant reduction in the sen-
sitivity of Aspergillus PCR testing of blood from patients receiving
AMP. On the controry, AMP reduced the proportion of EQORTCS
MSGERC-defined proven/probable coses of 14 ond lowered specifi-
city (i.e, increasad PCR false positivity). % It is possible that active
AMP reduces the clinical progression of 14, limiting the manifesta-
tions typically associated with 14 that are essentiol when classify-
ing probable 1A using the EORTC/MSGERC definitions. Furthermore,
given thot AMP hos been ossocioted with reduced GM-EIA
sensitivity, the use of AMP could result in false-negative GM-ETA
results preventing coses of possible 14 becoming probable 14 and
campramising PCR specificity, Corversely, the shedding of genom-
ic moterial into the circulation still occurs during early infection,
with the release of DNA {DNAcemia) potentially being enhanced
by AFT disrupting the fungal cell membrane or wall and detection
of this torget could define probable 1A cases thot would be ather-
wise rmissed using GM-ETA. Recently, Aspergiius PCR has been
included in the updoted EORTC/MSGERC definitions for IFD, os it
provides o robust diognostic test for screening ond confirming the
disgnaosis of Aspergilius infection.” While the use of AMP may limit
the dingnostic specificity of a single PCR positive test, the specificity
for multiple PCR positive tests {os required in the EORTC/MSGERC
definitions) rernains excellent ond is suitoble for confirming a diog-
nesis of 1A, Given the rensons obove and that clinical/rodiological
rmanifestations typical of overt 1FD are required to achieve a clossi-
fication of probable 14, the presence of Aspergilius PCR positivity in
this setting will likely continue to provide sufficient mycological
specificity. From o clinical perspective, Aspergillus PCR of blood is

best used to exclude 1A, bosed on odeguate sensitivity, which from
this study appears to be unaffectad by the use of AMP,
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We present a method for rapid and dnplt ddccllon of dhkllly relevant mucormycetes of Ik Mucorales

order in cultures and clinical !

PCR uses specific p

s and

is followed by species identification u-; hi‘b-md-liu melt (HRM) analysis. The method is highly suitable

for routine clinical diagnostics.

Invasive infections caused by mucormycetes started to occur
more frequently in the last decade and are connected with
rapid progression and high mortality rates. Early diagnostics
and targeted treatment are crucial. Most mucormycosis cases
(over 90%) arc caused by Rhizopus spp., followed by Mucor
pp., Lichtheimia spp., Rhizomucor pusillus, and, rarcly, some
nlher :pccies (1. 9, ll. 16).

A of

s 18 usually made after
hislop.uhologw.:l proof of mucormycete-like hyphse in in-
volved tissue; the causative agent can be determined only by
culture (13). So far, no scrological test is available and radio-
logical methods are nonspecific.

Molecular detection of is licated by |
hﬂorx:mlursulldonulh.rwnyﬂ.mdardptuowll-cw
methods for the detection of mucormycetes have been pub-
lished, and only some have been cevaluated using clinical
samples (1, 5, 10, 14, 15, 17) or samples from animal models
(6, 7).

The aim of this study was to develop a rapid and sensitive
technique for the d on and wdentification of dinically im-
portant mucormycctes. We adopted primers from a qualitative
method previously published by Bialck et al. (1) that is specific
for members of the order Mucorales targeting 18S ribosomal
DNA (rDNA). We modified it to seminested realtime PCR
with EvaGreen dye, followed by species distinction by high-
resolution melt (HRM) analysis. HRM analysis uses amplifi-
cation of DNA in the presence of intercalation dye. Fluores-
cence is measured during a controlled melting of PCR product
that results in a melt curve that depends mainly on GC content,

can be used for gcnoh‘pmg or m\muon scanning without the
need for ti g (4, 12).

DNA was isolated lxom 50 wl ol fungal culture (moculum
was prepared by covering sporulating colonies with approxi-
mately 2 ml of sterile 0.85% saline) or a picoe of fresh tissue (2
by 1 mm) using the ZR fungalbacterial DNA kit (Zymo Re-
scarch). Tissue samples were incubated in I\sls buler over-
night, and cul were liateh g 1o
the manufacturer’s protocol. Dnrupuon was extended lo 15
min (Disruptor Genic; Scientific Industries). DNA from forma-
lin-fixed, paraffin wax-cmbedded (FFPE) tissue samples was iso-
lated from 2 or 3 scrolls (5 to 10 pm cach) of paraffin block using
a DNeasy blood and tissue kit (Qiagen). Paraffin was dissolved in
1 ml of xylene, and then the tissue was washed two times using 1
ml of 96% ethanol and mncubated in 150 pl of ATL buffer (Qia-
gen) and 20 pl of proteinase K (600 mAU/ml solution, where one
mAU represents the activity of proteinase K that releases folin-
pasitive amino acids and peptides corresponding to 1 pmol of
tyrosine per min) at 55°C overnight and then at 90°C for 1 h. The
next steps were done in accordance with the manufacturer’s pro-
tocol. DNA isolation from clinical samples was done in a biolog-
ical safety cabinet. An aliquot of sterile water was processed with
cach set of samples as a lof [ ial contamination during
the isolation process.

Five microliters of DNA was amplified in 25 pl of amplifi-
cation mixture that contained a 0.2 pM concentration cach of
primers ZM1 and ZM2 (1), 120 uM deoxynuclcoside triphos-
phates (ANTPs; Roche, Germany), 2.5 mM Mg(l,, 1% Gene-
Amp PCR Gold buffer, and 1.5 U AmpliTaq Gold DNA poly-

length, and sequence of the PCR product. This simple hod

* Corresponding author, Mailing address: Centre of Molecular Bi-
ology md (‘-cnc 'nmapy Depunmcm ol Internal Medicine—Hema-
| Broo, C Ini 9. 613 0 Bmo,
Czech R:publn: Phone: 420532234641, Fax: 420532234623, E-mail:
khracirova(@ fobrno.cz.
" Published abead of print on 30 June 2010,

3392

{Applied Biosy ). The cycling conditions were 10
min at 95°C. 16 cycles of 30 s at W°C, 30 s at SU°C, and 60 s at
72°C. and 7 min at 72°C. One microliter of PCR product from
the external round was then amplified in duplicate using Ro-
torgene 6000 (Corbett Rescarch, Australia). Twenty-five mi-
croliters of the amplification mixture contained a 0.4 uM con-
centration each of primers ZM1 and ZM3 (1), 125 pul of
SensiMix HRM, and 1 pl of EvaGreen (both from a SensiMix
HRM kit; Quantace, United Kingdom). The cycling conditions
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FIE. 1. Representastive rosall af high-resolution melt [ FRM) snalves, Shown ore HEM oarves Bor i musommoetc isodates (ilack curves ) and

A fpegarie snd Gne poetive tissue sample (grav curves)

were 1bmin at B5°C, followed by 20 cvgles of 155 w0 93°C, His
at BIPC, andd 30 s 0 T2°C facquired on the gresn chanmel),
followed by HEM anal:_mis {mmp from 747 b TRS"C rising by
1 each cyele, scguired on the HEM chunnel), Roborgene
BN series soltwane (versbon 17) wad wsed for analysts of the
results, Adl positive results wore confirmed by sequencing of
the PCR product. DMNA was purified wsing 0 QlAquick PCR
purification kit [(Chagen, Germany} und sequenced esing a
Bigbve Terminutor v1.1 oycle sequencing kit (Applied Bioss.
tema) on an ABL Prism 310 genetic analyeer (Applicd Biosys-
tema ). Sequetoes were analyzed using the BLAST alignment
program of the GenHank dotahase.

We psed DINA extracted from five mucormycete cultures
diluied m Trs-EDTA {TE) baifer as positive controls inoevery
run, A DMA Eolation conbral (senle waler processed with
cledcal samples} and 4 pegative coitral of PCR {sterile water)
were added 1o cach run as well.

In this study, we tested 2] fungal isclafes, comprising 10
mucormyceds solates arad 21 solies from other lamentous
fuengal groups {Department of Clinical Microbiology, Univer-
aly Hospital Brrio and Crech Collection of Microorganisms,
Crech Republic). All mucormyecte dsolates were correctly
dentified. The melting temperamares (T, ) for each species
were as follows: for Rfuzemes microspors, 7460 for Khizo-
o anzme, TS, for Weeor necenromus, ThTRC fior Muror
circipelondes, THORS for Rinzomncoer pu\ﬂ!lu. TTETC; and
for Lichfeimio corpmibdfers, TR0 Represontative HEM
curves for siv different mucosmyestes are shoswn in Fig 1. All
HEM analysis resulis were confirmed by sequencing, Mone of
the nonmucormycete fungi were positively tested, The resulis
wre symmuarized in Tuhle 1

Wiz alsr tested 12 tssue. samples, 7 (6 fresh and 1 FFPE)
trom patients with histopathobogically or culluse-proven mu-
cormycosis und § (3 fresh and 2 FFPE) from patients without

TABLE 1. List o fumgul ssedstes used in this such and resules of

HEM unakysis*
} R Y P
Orpromm wares HEM analps
Mucsampcebes
Rlrzigiis srvaae Thnical solale: DM Bz erie
OB RS b s
Rtz g CTinieal moline; DO Sz s
Rz Ty Chmcal solaic; TCM Ao mucmsqoess
ooy peaile 0™ P hzemueer el
Afidoy e O RLA) Aoy ke
[ Chinkal wobile: XM ior ririnaoader

Lickeisi cormhiens LOM WETT Lachmesmie Lol
Chnical sulste. CM Lichiheimie cormibdim
Clmnzal mobie: TS Lachivimie aemigio

Uiher Alpmesions fung
[T — Chinical sulile: DOM Mepiive
Clhinizal milate; DO Mg
Fsaniny e ensmi Chnical solie; DCM Wegstive
Fusanmm milam 0™ REA Mepuiive
Asperpiion nupwy Chmical mobie DO Mogmimes
Chniieal Bokane; DO Megative

Arperlbe ngger Chnical subiie; DOV Megatier

LE™ BEES Pl paitive
Aipreipiio flavns (agRit) P pailree

COM P17 H.:::ﬂrrr
Aspergilho i L™ R M guiive
Arvirpls urfin COM P14 Begulive
Ao ndilaiie N -2 P puitree

Dl |

Al salisaii Emwioamen: DCM - Megitive

Scvskaymnun apraspemer Clinical mobc, DM Begaiive

 bndpaanm Enviromumeni; NEM Negpriive
vy

Chanluipeiing OO0 F-HE Mgl
riaiaenowks L s,
Fie ]

M commng OO FO27 P gutive

Fericalier bromnmpecim U Rl Pegatier

Envireament; DUM Megitive
Pinicibivr chrvaugenis Ensireanient, DOM Megalne

" UCKL Crech Odllecthn of Micrcorgasisms, Coech Repullic; DOBE Depani
moai of Clinscal Miooteoligy, Ueversty Hosperal Bimo, Ciech Repitic,
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TABLE 2. List of tissuc samples used in this stody and results of HRM analysis

Patiemt Trsue sauphe Hastopathology result Cukerc result HRM analysis reult

1 Lung Positive Negative Rhtzopus microsporus

2 Lung (FFPE) Positive Negative Rivizomucor pusillvesmichel

3 Oral cavity Positive Lichthesmin conymbifera Lichtheimia conmbifora

4 Lung Positive Rivzopus microsporus Rivczopees macrosporus

s Lung Positive Lichthesmia corymbsfern Lichtheimia conmbefern

6 Oral cavity 1 Positive Rivizopus microsporus Rivizopas microsporus
Oral cavity 2 Positive Rivizopus microsporus Rivizopus micrasporus

7 Lung Negative Negative Negative

L] Lung Negative Negative Negative

9 Lung (FFPE) Negative Negative Negative

10 Lung Negative Negative Negative

1 Lung (FFPE) Negative Negative Negative

mucormycosis (obtained from hemato-oncological patients
from University Hospital Brno, Czech Republic). All seven
tissue samples from patients with proven mucormycosis were
PCR pasitive, and in all cases, we were able to directly deter-
mine the ess R microsp (n = 4), L
corymbifera (n = 2) and R pusillusimichei (these two species
have 100% sequence homology in the target region and therefore
cannot be distinguished; n = 1). All five tissue samples from
patients without mucormycosis were negative, Results are sum-
marized in Table 2, and rep ive HRM analysis curves are
shown in Fig. 1. Amplification of fragmented DNA from FFPE
samples can be problematic (8). In this study, we tested one FFPE
tissue from a patient with proven mucormycosss, and the result
was positive,
The sensitivity of the method was d by amplificati

PCR based sdeatdicution and discrimisation of agosts of moooemmyoosis and
wpergilloss in parallin wie embeddod trene. ). Cla, Pathol. S8:1150-1184

2 Chsyakulh M., M. A Gh a-ll.l.Md.me
ws: the re ping fungal inf Eur. ). Chn. My Infest. Drs
28215-229.

L Ohio, RW. K, MY, Murphy, C. Fidler, B C. Y. Zee, ). S. Walnscoat, and
A )uu...xm D:lnmmuondlth!)w compurson of 2 doudle

system appecach and a multiphes real-tme
qmu.l.m\v PCR meadl Clin. Chiem. 871667672

4 I:rlI.)I.K.V Vm-‘( T\N.Ilr 208, Iluhmmmtkac

Soe chakcal & Exp Mol. Pathl. $850-58,

S.MD J. S, P Backwalter, B S, Pritt, G, D. Reberts, and N. L. Wen
genack, 0K Read-time PCR method for dctection of sypoeyeetes. J. Clin.
Microbiol 462353-2158

& Ihrabim, A. 8., J. C. Bawman, V. Avanessian, K. Erewn, B, Speliberg, J. E.
Edwards, Jr., and C. M. Dosglas, 2005, Caspotungin mhitets FACoges oncee
L3f-0-glucss synthase, Jowers burden i brais mewured by quantitative
K‘R and-n;vmummlnab- bt mot a bagh dose dunng munne

of dilutions (2 % 107 10 2 % 10" copies/S pl) of plasmid DNA
(external PCR products of R pusillus and L. corymbifera
cloned into the pCR2.1 vector: Invitrogen). Reproducible melt
curves were obtained for concentrations up to 0.1 fg of plasmid
DNA, the detection limit corresponding to the original quali-
tative method (1), in both species.

To assess potential PCR inhibition, human albumin gene
was detected by real-time PCR (3) in all tissue samples. No
inhibition was observed.

In conclusion, the HRM assay presented is very simple and
enables rapid and accurate detection and identification of mu-

in tissue ples and culture isolates. It & able
o dmingunh the main clinically relevant mucormycetes and
shows no cross-reactivity with nonmucormycete filamentous
fungi. It is highly sensitive and specific and is suitable for
routine clinical diagnostics. Its potential for use in diagnostics
with other clinical materials, such as bronchoalveolar lavage
fluid, sputum, ete., needs further study but is evident.

Nucleotide sequence accession numbers. Scquences of
products from the internal round of PCR were deposited in
GenBank under the following accession numbers: for Riuzopus
microsporus, HM234125; for Rhizopus onyzac, HM234126;
for Mucor racemosus, HM234127; for Rhizomucor pasillus,
HM234128: for Lichtheimia conmbifera, HM234129; and for
Mucor circinelloides, HM234130.

This study was supported by grants from the Ministry of Health of
the Czech Republic (NS10842-3°2009 and NS10441-3/2009).
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Rapid Detection and Identification of Mucormycetes in
Bronchoalveolar Lavage Samples from Immunocompromised Patients
with Pulmonary Infiltrates by Use of High-Resolution Melt Analysis
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Maimir Moulis,® Zdenek Paviovsky,” Barbora Weinbergerova,® Martina Toskova,® Jirl Mayer®b©

Pepammen] of Intemal Medicine—Hemaclogy and Cr h
Oncology, Faculty of ke
D et of Clinical Micro

Republic®, CETE
3, Crech Repastol

Rapid differential diagnostics of pulmonary infiltrates suspected of invasive fungal disease in an immunocompromised host and
early initiation of effective antifungal therapy are crucial for patient outcomes, There are no serological tests available to detect
mucormycetes; therefore, PCR-based methods are highly suitable. We validated our previously published PCR followed by high-
resolution melt analysis (PCR/HRMA) to detect Rhizopus spp., Rhizomucor pusillus, Lichtheinia corymbifera, and Mucor spp. in
bronchoalveolar lavage (BAL) samples from immunocompromised patients who were at risk of invasive fungal disease. All PCR/
HRMA-positive samples were retested using novel real-time quantitative PCR (RQ PCR) assays specific to the species identified.
In total, between January 2009 and December 2002 we analyzed 99 BAL samples from 86 patients with pulmonary abnormalities
using PCR/HRMA. Ninety (91%) BAL samples were negative, and 9 (9%) samples were positive. The sensitivity and specificity of
PCR/HRMA were 100% and 93%, respectively. By combining the positive results of PCR/HRMA with positive RQ PCR results,
the specificity was raised to 98%, PCR/HRMA, due to its high negative predictive value (99%), represents a fast and reliable tool
for routine BAL sample sereening for the differential diagnosis of pulmenary infiltrates in immunocompromised patients for the
four most clinically important mucormycetes.

Invas'w-.' mucormycosis (IM}, characterized by rapid progres-  sured during controlled melting of the PCR product. The shape of

sion, high morbidity, and mortality, is a serious infectious com-  the melting curve depends mainly on the GC content, length, and
plication in patients with a hematological malignancy (1). More  sequence of the PCR product, The ability of this method to detect
than 9% of cases are caused by Rhizopus eryzae (or Rhizopus  and identily the most common pathogenic species has been
microsparus), followed by Mevcor species, Lichtheimia corymbifera, praven in both cultures and tissue samples, Since this rechnique is
and Rhizomucor pusillus and rarely by some other mucormycetes very fast and suitable for routine testing, it might be an ideal ool

(2, 3). for screening clinical samples from immunocompromised pa-
Early diagnosis and a prompt start of targeted 1M antifungal  (enes who are at risk of 1M,

therapy are crucial for suceessful patient outcomes. However, de-
finitive diagnosts of these infections mm routing chinical practice 1s
very difficult, and the disgnosis is often not confirmed until there
is histological proof of mucormycete-like elements in affected tis-
sues or positive cultures (4, 5).

Contrary to invasive aspergillosis diagnosis, where a large
numbet of atteimpts were made to detect galactomannan, both in
serum and bronchoalveolar lavage (BAL) samples, no such sera-
logical test is available for mucormycetes. Even [i-o-glucan, when
used as a panfungal antigen, is negative in IM.

The maost frequent manifestation of [M in this patient group is
pulmonary disease; however, obtaining lung tissue samples (e.g.
by fine-needle biopsy) can be accompanied by serious complica-
tions (bleeding and pneumothorax), Therefore, bronchoscopy
with BAL is routinely used for the differential diagnosis of pulmo-
nary abnormalitics,

The aim of this study was to validate PCRFHRMA for the
screening of BAL samples from hematological malignancy pa-
tients with pulmonary infiltrates and assess the clinical relevance

Theretore, one of the nost promising tools for early muocor- oF THICaLTIy el d"“,m“" m B,'o‘[", M‘m“'w”' b ‘_j“'gncd o
mycete detection is the use of molecular methods, mainly various spmes-spg{l!ﬁc real-time quantitative PCR (RQ) PCR) ASSIYE for
PCI modifications. Until now, only a limited number of mucor- the most clinically relevant mucormyeetes (R oryzae, R microspo-
mycete-specific PCR methods have been published. Moreover,
only some of them allow the quantification of the fungal DNA

load in samples (6—10), which can be important to differentiate Peceived 4 March 2014 Retiemed far modification 16 Apnl 1014
hetween a real infection and comtamination/colomization of the Accepted 15 fday 2014
sample/patient, Pubihished ahead of print 11 May 2004

We recently introduced a semiquantitative method for the spe- Editor; & A Laret
cific detection of mucormyceles in tissue samples using high-res- Acdressy cosraspondence 1o Mirting Lengerva misnoaraBd i ce
olution melt analysis (HRMA]} (11). This method 15 based on am- Cognymight £ 2004, Arnsncarn Soety for Moreiology: A8 Rights Reserved:
plification of DNA with specific primers in the presence of an ol 1101 T280CM 20837 - 14

intercalating dye. Alter PCR, the change in flusrescence is mea-

2824  jcm.asm.ong Faurnal of Clinical Microbicfogy  p. 28242828 Ausgust 2014 Volume 52 Number 8
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TABLE 1| Demographic characteristics

Characteristic” Mo of patients
Male kU]
Fermale 3
AML 33
CLL 11
ALL @
HL 3
HCL 3
CML 1
MM 9
MHL 12
DOther [
Allogeneic unrelated HSCT 17
Autologous HSCT 7
Induction/reinduction of acute leukemia 25
Conselidation of acute keukemia &
Chemotherapy 12
Onther therapy '}
Mo therapy 10

" AML, scute myeloid deukemis; C1LL, chronic lymphaocyiic leakemiag ATL, acute
ymiphoblasts leukemia: HL, Hadgkin's ymphamea HCL halry cell Eeabemba: CWL,
chiromse mpcloicl leakemta; MM, multiple myelomas NHL, son-Hodgkan s mphaoma;
HECT, hematopnietic stem cell transplantation.

rus, Mucor spp., R. pusillus, and L. corymbiferal, which were used
to quantily the fungal load in positive samples.

MATERIALS AND METHODS

Mucormycete isolates, Mucormyceic solates were obtained from the
Czech Collection of Microorganisms (COM), Crech Republic {Absidia
[Lichiheimia) corpmbifers, COMBO77; Mucer racemosus, CCMS190;
Rhizawrncer pugillus, COMF-2115 and Riezopus enzae, CCMS0T3) and
culture-positive clinical specimens from the Department of Clinical Mi-
crobiology, University Hospatal Brow, Czech Bepublic (2 Lhthewma co-
ryenbifera, 3 Riizopes meicrasparus, 2 Rlizopus oryzae, and | Mucor ciecinel-
loeddes). Fungal cultures were grown for 5 days, and spores were harvested
By seraping the agar surfaces of Peiri dishes using a sterile microbiological
loop, transferred o 1 ml of 0.9% sodium chloride solution, and stored at
-7

Clinical samples. Baseline patient population characteristics are sum-
marized im Table 1, Overall, we tested 99 samples from 86 patients, All
patients provided informed consent before the BAL procedure, and the
institutional review board approved the study. The samples were pro-
cessed immediately or srored at —70°C,

Fungal DNA isolation, DMA was isolated from the clinical samples in
a biofogical salety cabinet in 4 separate labaratory, An aliquet of sterile
water was processed with cach set of samples as a control for potential
contamimation during the wolation process, Before the lselation step,
samples were thawed for 30 min-al room temperature, and DNA was
iselated from 30 pl of fungal ineculum or 2 ml of BAL fluid using a ZR
Fungal.l’lmumri:ll kit {Zymo Research, Irvine, CA, USA}, The sample vor-
texing time with glass beads was extended from 5 to 15 min, and DMNA was
eluted with 100 ] of elution bufler as described previously (111

Detection of the human albumin gene. To verify the DNA isolation
process, the human albumin gene was detected in each sample, Quantita-
tivie PCR was carried out in a total volume of 25 pl containing 2% ABso-
Tute QPCE mix (Thermo Scientific, UK, 400 nM each primer, 200 nkd
TagMan probe, and 5 pl of genomic DNA. PCR was performed as follows:
57 for 10 min, followed by 50 cycles of 95°C for 155 and 60°C for | min
(121, Samples with negative albumin amplification were excluded from
the analysis. All clinical samples were analyzed in duplicate.

PCR/HRMA. PCR amplification was carried oul in serminested PORs
followed by HRMA using the protocel described previously (11), Samples
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were amalyzed in duplicate, DNA extracted from 5 mucormycete strains
(K. weicrasporis, B oryzas, M. racemosusz, B pusillis, and L corymbifera), at
a 1o ditutions in TE buffer (10 mM Tris-CL 001 mM disodiom EDTA
[pH #]), was used as a positive control in every run. A sample was consid-
ered positive if at least ene parallel PCR produced a melting curve that was
different from that of the negative sample. Rotor-Gene 6000 sexies soft-
ware {version 1.7} was used to analyze the results.

RQ PCR assays. We designed new species-specilic real-time POR as-
says (targeting the internal transcribed spocer 2 [IT52] region of nbo-
somal DNA) with Primer Express 3.0 soltware {Applied Biosystems,
LISA)L The sequences of primers and probes, the sequences used as a
template, and the lergths of the PCR products are summirized in Table 2,
Dhae to the intraspecies sequence variabitity among Lichiheimia isolates, it
wiis necessary to design two different assays. Five microliters of 1solated
[INA was amplified in duplicate in 25 pl of amplification mixrure that
contained 125 pl of 2% ABsolute QPCR ROX mix { Thermo Scientific,
LK), 4060 i primers, and a 200 nM Taghan MGE priobe {(for the list of
primeers and probes used for each assay, see Tahle 2}, Cycling conditions
were 15 min at 95°C for 50 cycles (15 s at Y5°C and 60 5 at 60°C, with
acquisition on the green and yellow channels) on the Rotor-Gene 6000,
Muigor and Rliizemiicor assays were run as multiplex PCRs, Stenle water
(B, Braun, Germany) was used as a no-template control {NTC) in each
rum. Rotor-Ciene 6000 serics software (version 1.7) was used to analyze the
results. Ouantilication was done wsing @ slandard curve; 5 pl of PCR
product was cloned into plasmid vector pCR 2.1 (Invitrogen, USA) in
103 dilutions from 2 2 10% 10 2 3 10" copies of plasmid DNAJS pl.

Statistical analysis. The sensitivity, specificity, positive predictive
value (PEV), negative predictive value (NPV), and positive and negative
likelihood ratios were calculated wsing MedCale for Windows (online
version 12.7.0; MedCale Software, Ostend, Belgium [ httpeiwww.medcale
orgfealefdiagnostic_test.php| ). The criteria for a positive test were PCR/
HEMA positive only ar both PCR/HRMA and R0 PCR. positive.

RESULTS

Weadopred a previously published nested PCR (6] that is targeted
to o conservative part of the mucormycete genome and replaced
sequencing of the PCR product, which was necessary for species
identification using HRMA. As we described in our previous study
{11}, each of the mucormycete species produces a unique curve
.silspr. and PCRpmlucu melt at defined lemperatures, Represen-
tative results of mucormycete-positive and -negative BAL samples
are presented in Fig. 1.

In vitro standardization, The sensitivity of PCR/HEMA and
individual R(} PCR assays was tested on serially diluted genomic
DA isolated from mucormycete cultures. The last dilution de-
tected using both PCR/HRMA and RQ PCR contained 1 fg of
genomic DNA (<1 genome). The linear dynamic range of the RO
PCR assays was initially assessed using a dilution sertes of genomic
DNA of all species. The assays were shown 1o be linear over the
entire range of 1 ng/pl to | fgful.

Testing clinical samples. In this study, we analyzed 99 BAL
samyples from 86 patients using PCR/HRMA. Ninely BAL samples
were negative; 9 samples were positive {Table 3). None of the
samples presented inhibition, and negative controls were never
amplified. Species detected using POR/HRMA were Rhizopus spp.
(6 samples), Rhizomucor pusillus (2 samples), and Lichthedmia co-
rymibifera (1 sample). This is in agreement with previously pub-
lished data, because Rhizopus spp. are considered 1o be the most
frequent causes of [M.

Twa BAL samples (belonging to two patients with proven IM)
were clearly positive (the melting curve was a copy of the one from
the positive control, and all parallel reactions were positive). The
other 7 samples were marked as weakly positive [ the melting curve
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TABLE 2 Sequenses of primers and TagMan MGEB probes (5" 10 3" af assays used in thes study

Primers and Query sequence PCR product
Farget species probe Sequence (3’ —3") [GenBank accession ne.)  length (hp)
Elizopus microspor Forward primer TTOGTGAATCATCGAGTOTTIGA
Reverse primer  AGCAAGUGTACTCTATAGAAGATCCA D901 66
MGB probe F-FAM-CGCAGCTTGCACTCT-MGBNFQ
Rlizopus aryzae Forward primer AGCAAAGTOUGATAACTAGTGTGAM
reverse primer TGAAGUAGGOGTACTCTATAGAAAAA (SIS IRENET N 10z
MEGB probe B-FAM-COCAGCTTGCACTCT-MGBNFC
Mugor spp, Forward primer GEAACTIGOGETEATTGGTA
Reverse primer GLATAGAGGGTTTGTTTTGATACTGAA 31 1891 66
MGE probe G-FAM-COAATGAGCACGCCTE-MGENFQD
FRizommcor posilluz Forward primer CCGTTCAAGCTACCOGAALA
Reverse 'prim.er AATGEAAGUCCTOAAGGAAN E3C)] 1 904ME | =]
MGB probe E-VIC-TTTGTATGTTCTTGACCETTG-MOBNFQ
Lichtheinria corymbifers (assay 1) Forward primer | TTCAGTTGCTGTCATGGOCTTA
Reverse primet | CATCOGGCAAATHACTAAAGT FI7E3084.1 67
MGE probe 1 B-FAM-ATACATTTAGTCCTAGGIAATT-MGENFQ
Lichtheinia corpmbifers (assay 2} Forward primer 2 GTTGAGTTGGAACTGGGCTTET
Reverse primer 2 AGGACATTGATTTAAGGUCATGA (11 18983.1 67

MGB probe 2

G-FAM-TTGATGGUATTTAGTTGUT-MGBNEQ

* MGE, minar-groove hinder.

P a-Fa, -carbuyibioresceln: MGENFOL mino-groove bnder nonfluorscent quencher,

was present but diverted slightly from the positive control, and/or
amplification was not present in all parallel reactions from the

same sample),

Retrospective analysis of medical records was performed, and
these cases were not classified as IM, but 2 were classified as pos-

sible invasive fungal disease (1F1}} according to the European Or-
ganization for Research and Treatment of Cancer/ Mycoses Study
Group [FORTC/MSG] criteria (13), 4 as other infections {3 as
bacterial pneumonta and | as Prenmocystis pneumonia [PCP]L
and 1 as a noninfectious process. Most cases of false positivity of

] 4
1A R. oryroe M. racemosus L corymbifera 1 B R, microsporis
i §|
. i '/R_Fm‘ v_l’p-ul!wem
. MICrOSPorus 5
E‘ u’: E‘ negative BAL
i H
1 3
i i
T45 TS TR T TS 7T TP M TR MW ™S s TS YA e Tad l-w" WA T TS T 7as
el
" L corymbifera o
M. racemosus R. microsporus
porsitive BAL
JC o D
g R pusillus negative BAL
¢ ;
E . oryzoe
- -
R, mitrosporus
20 20
M M ME M 0TmE T F e v 1 "S5 m ms m m3 v hs owm mE o
dag say

FIG 1 Representative results for FRMA: melting curves of 5 mucormycete solates (A and C) and positive/negative BAL samples (B and D).
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TABLE 3 Summiry of cases with positive PCR/HRMA

FCAMHRMA Desection of Mucormyostes

Patient  Date Underlying Results of Species detected by Results of

0. (day-moeyrl disease” '['uerzp'rl' PURIHREMA PCR/HRMA RO} PR C," Clinical diagnoses”

1 3432011 AML Induction/reinduction  Weakly positive  Blizopus spp. Megative  MA  Bacterial preéumonia

2 IR-3-2012 M Autcdogous HSCT Waeakly positve Biizopus spp, Negative MA Peosibde [FD

3 23-6-20M9 HL CHT Weakly positive  Lichitheleia corpmbifere. Positive 342 Bacterial preumonia
4 M-4-2012 WHIL Na therapy Weakly positive  Rhizopuz spp, Megative MNA Bacterial preumionia
5 18- 3- 2004 AML Consolidation Weakly positive  Rfvizommucor pasillic Megative MA Passilde [FD

& 23220009 ALL Induction/reindustion  Positive Ehizopos spp. Pasttive 240 Proven mucormycasis
E 5-1-208H HCL Crther Weakly positive  Risizapus spp. Megative A Pulmonary fibrosis

L] F-10-20419 HHL CHT Weakly positive  Bhizopus spp. Puasitive .1 PCP

H 25-4-2012 HCL CHT Paositive Bhizommucor pasilis Paoaitive 36 Proven mucormycssis

* AML, acane mycload bekembes MM, multiple srpedama; HL, Hodgkin's lpmphomag NHL, pea-Hisdgdin's lmphaoaa: ALL, scote lrmphoblastic heakenmba: HCL, hary cell

eukemiz

* HSCT, kematopaictic stem cell transplantatian: CHT, chemisherapy,
R PCR, real -t quamitative PCE,

15, opele thrishald; MA, nut applicable.

TIFD, invasave fungal disease; PCP, Prermocyss pneumionie

the PCR/HRMA test were thus associated with other ongoing in-
fections, Patients with possible IFD did not respond to the initial
treatinent with antibiotics; therefore, antimycotic drugs {1 patient
treated with micafungin [Mycamine] and 1 with amphotericin B)
were empinically added, and the patients recovered. The patients
classified as having bacterial pneumonia received only antibiotic
therapy according to culture findings and recovered. PCP pneu-
monia was treated successfully with high-dose trimethoprim-sul-
famethoxazale.

All PCR/HRMA-positive samples were retested using real-
time PCR specific to the species identified; 2/2 (100%) samples
from patients with proven IM were positive, and only 27
[29%) samples from patients without proven IM were also pos-
itive with RQ PCR.

Results for basic statistical parameters were calculated and are
presented in Table 4. The two methods showed excellent sensitiv-
ity, specificity, and negative predictive value. The combination of
POR/HRMA with species-specilic RO PCR raised the spealicity to
8,

DISCUSSION

The differential diagnosis of fungal pulmenary infections remains
challenging, although the early initiation of effective treatment
clearly impacts patient outcomes (14}, Millon et al. (15) recently
published a strategy based on monitoring the mucormycete DNA
in serum samples from patients with histopathologically proven
IM. Testing serum samples is very convenient, but due to the low

TABLE 4 Sensitivity, specificity, PPV, and NPV of the tests using
various parameters”

U (95% C1°) of samples % (93% CI) of samples

PCR/HREMA positive PCRMHRMA and RO
Measure omly PLR positive
Sensitivity 10 (19, 29-100,00] b (19.29-100)
Spel:i.ﬁl.iiy 93 (BS.AR-9T M) QR (U2 TI-NY.69)
PPV 1T (3.47-59.94) 50 CRH-S1T)
wPY HMb [(95.84-100) Lk (96, 15-100)

Positive likelihood ratio 12,86 (5.79-28.249) 485 (123191 14)
Megateve likelithood ratsa 0 (MNA) nirAl

PPV, positive predictive valug; NI'V, negative predaciive valie,
* (L confidence interval; Ma, not applicable,
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amount of circulating fungal DNA, the positivity of serum sam-
ples can be expected only in advanced stages of the disease,

In this study, we evaluated the use of PCR/HRMA to screen
BAL samples in which higher loads of the pathogen might be ex-
pected. In general, the use of PCR/HRMA was significantly sim-
pler, and the diagnostic results were obtained fastet than with the
original protocol that consisted of nested PCR and sequencing.
We can abtain the results in about 5 h from sample receipt at the
laboratory, including the time necessary for DNA isolation.

Cur PCR/HRMA showed an excellent NPV {100%). There-
fore, a negative test result can virtually rule out an IM diagnosis,
and empiricafly used amphotericin B therapy might be switched
to less toxic drugs,

Owerall, only 9/99 (945} BAL samples in our study were PCR/
HEMA positive, making it a very useful screening test for testing
these nonsterile clinical samples. If patients were treated for [M
based on PCR/HRMA positivity, in 4 patients {proven 1M or pos-
sible IFID, the treatment would be correct, and in only 3/9% (5%
patients [wilhrJuL TED) would at lead to possible overtreatment.
Taking into consideration the lack of a specific diagnostic method
and the risk of rapid progression and high mortality due 1w IM,
preemiptive treatment based on our results i more than elinjcally
acceplable.

Maoreover, the quantification of fungal load with species-spe-
cific RQ PCRs is supposed to distinguish contamination or colo-
nization of the airways from an ongoing infection. In this study,
RQ PCR increased the specificity and positive predictive value.
The discrepancy between FCR/HEMA and RO PCR results giving
low positive samples can be explained by the very low amount of
fungal DNA present at the detection limits of both assays, which
could be identified with a higher probability with-a seminested
PCR/HEMA than with a single-round RQ PCE. Moreover, in low
positive samples, the primers used in this study coamplify human
DDINA {present in excess ), and this causes distortion of the melting
curve (proved by sequencing: data not shown ), We suppose that
after testing a larger cohort of patients with more 1M cases, we will
he able toset a threshold {threshold cycle [ O] value) coupled with
IM, which would further increase the positive predictive value.

The main limitation of our study is the low prevalence of the
disease (<2 5%} in our cohort; however, this is the limitation of
all single-center studies focusing on differential diagnosis of pul-
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manary infections in hematological malignancy patients. The
utility of the methods to diagnose IM should be tested on a larger
panel of clinical samples or probably more likely on an animal
madel of TM.

In conclusion, we suggest that PCR/HRMA is a fast and reliable
tool for routine screening of BAL samples for the differential di-
agnosts of pulmonary infiltrates i immunocompromised pa-
tients. Specific real-time PCR assays might be used to confirm
positive results, o quantify the fungal load, or to monitor the
response to therapy in patients with proven or probable IM.
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Abstract

Despite advances in the treatment of invasive fungal diseases (IFD), mortality rates re-
main high. Moreover, due to the expanding spectrum of causative agents, fast and ac-
curate pathogen identification is necessary. We designed a panfungal polymerase chain
reaction (PCR), which targets the highly variable ITS2 region of rDNA genes and uses high
resolution melting analysis (HRM) for subsequent species identification. The sensitivity
and specificity of this method was tested on a broad spectrum of the most clinically im-
portant fungal pathogens including Aspergillus spp., Candida spp. and mucormycetes.
Despite the fact that fluid from bronchoalveolar lavage (BAL) is one of the most fre-
guently tested materials there is a lack of literature sources aimed at panfungal PCR as
an IFD diagnostic tool from BAL samples. The applicability of this method in routine
practice was evaluated on 104 BAL samples from immunocompromised patients. Due
to high ITS region variability, we obtained divergent melting peaks for different fungal
species. Thirteen out of 18 patients with proven or probable IFD were positive. Therefore,
the sensitivity, specificity, positive predictive value and negative predictive value of our
method were 67%, 100%, 100%, and 94%, respectively. In our assay, fungal pathogens
identification is based on HRM, therefore omitting the expensive and time consuming
sequencing step. With the high specificity, positive and negative predictive values, short
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time needed to obtain a result, and low price, the presented assay is intended to be used
as a quick screening method for patients at risk of IFD.

Key words: Panfungal PCR, High resolution melting analysis, Bronchoalveolar lavage fluid, Inmunocompromised

patients.

Introduction

Although new drugs are available, IFD mortality rates in im-
munocompromised patients remain high.! Prolonged neu-
tropenia is a major risk factor, related mostly to the treat-
ment of acute myeloid leukemia (AML) and/or allogencic
haematopoietic stem cell transplantation (HSCT).

The vast majority of IFDs are caused by the genera As-
pergillus and Candida. However, in the last few decades
more cases caused by rare filamentous fungi (mucormycetes
— Rhizopus spp., Mucor spp. and Absidia spp; Fusarium
spp.; Scedosporium spp.), yeasts (Trichosporon spp.) and
yeast-like fungi (Geotrichum spp.) have been observed.”™*
These species’ varying susceptibility to antifungal drugs
brings the necessity of not only detecting fungal hyphae in
biological samples but also identifying the causative agents
of infection.

Molecular methods, the most important of which is poly-
merase chain reaction (PCR), have provided a powerful
tool to improve the detection and identification of fungal
pathogens in clinical microbiology practice.” However in
medical mycology, cultivation, microscopy and detecting
fungal antigens in serum still remain the major approaches.
In hemato-oncological patients, cultures are often negative
due to low load of fungal cells and reduced fungal cells
viability after prophylactic therapy. With positive culture,
MALDI-TOF with its low cost, resolving power (especially
for yeasts), speed and simplicity can be used to identify in-
fectious agents.®~? Histological examination and detection
of serological markers are reliable tools to detect a fungal
disease, but they are not specific enough to identify fungal
pathogens. Direct observation of fungal elements in biolog-
ical samples using microscopy enables only an estimate of
the species based on its size and shape.!? Both galactoman-
nan (GM) and 1,3-beta-D-glucan (BG) can be produced by
multiple species. With negative culture, PCR is the only
method that enables pathogen detection and identification
to the species level, including the discrimination of closely
related species. In comparison with culture, PCR is fast and
its sensitivity is significantly higher in immunocompromised
patients.!0:11

Because of the rising spectrum of fungal pathogens,
panfungal PCR could be a favourable method. So far, it
is mostly utilized when primarily sterile material is ex-
amined.!>~!4 However, as pulmonary disease is the most
prominent manifestation of IFD, one of the most frequently
tested materials is fluid from BAL. So far, to diagnose

invasive aspergillosis (IA) and invasive mucormycosis (IM)
from BAL mostly genus/species specific PCR is used.!>17
However, support of the use of panfungal PCR as a di-
agnostic tool for IFD from BAL samples is missing in the
literature. BAL is a primarily nonsterile material and thus
interpreting a positive panfungal PCR result can be difficult.
It is important to distinguish ongoing infection from the
colonization of airways with nonpathogenic species and/or,
possible contamination with environmental fungi. Sequenc-
ing the obtained PCR product is therefore necessary, but it
is costly, time consuming, and mixed sequences are fre-
quently detected in primarily nonsterile material. Besides
sequencing, fragment length analysis can be used to iden-
tify products obtained from panfungal PCR. However, this
method is not discriminatory enough because the length of
different fungal species’ fragments can be very similar.'®

Recently, high-resolution melting (HRM) analysis was
described as a faster, cheaper and more convenient alterna-
tive to sequencing.'®!'~2! This method is based on PCR am-
plification in the presence of an intercalating dye (EvaGreen
or SYBRgreen).22 After PCR, the next step is controlled
melting of the PCR product while measuring changes in
fluorescence depending on amplicon length, sequence, and
CG content. In fungi, this approach is suitable when vari-
able regions are targeted, such as ITS1 and ITS2 rDNA
regions.

The aim of this study is to develop a rapid screen-
ing method based on panfungal PCR followed by HRM
analysis (pan-HRM) to detect clinically significant fungi
in BAL samples from immunocompromised patients and
to determine its contribution to IFD diagnostics. We veri-
fied our method both on cultures and clinical samples. The
Pan-HRM results were compared to the results of other
methods—culture, BAL GM detection, and detection of as-
pergilli and mucormycetes using PCR.

Materials and methods

Fungal strains

Twenty-eight fungal species (105 strains) were used to test
the ability of the assay to detect clinically relevant fungal
species and create a library of reference HRM temperatures
(Table 1). Reference strains were obtained from the Czech
Collection of Microorganisms (CCM, Masaryk University,
Czech Republic) and Culture Collection of Fungi (CCF,
Charles University in Prague, Czech Republic). Clinical and
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Table 1. List of fungal reference strains and clinical isolates.

No. of strains from

Species Reference strains clinical isolates
Absidia corymbifera CCM 8077 2
Aspergillus flavus CCM 8363, CCM F-171, CCF 3151, CCF 1624, CCF 642, 2
CCF 1739, CCF 1288, CCF 2497
Aspergillus fumigatus CCM 8338, CCF 1187, CCF 3623 12
Aspergillus nidulans CCM F-266, CMF 1189, CMF 1767, CMF 1766, CMF 1768 0
Aspergillus niger CCM 8155, CCM 8189, CCF 1297, CCF 629, CCF 1610, 1
CCF 3264, CCF 3433, CCF 2875, CCF 2477

Aspergillus sydowii 2
Aspergillus terreus CCM 8082, CCF 2539, CCF 3389, CCF 3315, CCF 2911 2
Aspergillus ustus CCM F-414 0
Aspergillus versicolor CCM F-581 0
Candida albicans 10
Candida glabrata 10
Candida krusei 1
Candida parapsilosis 2
Candida tropicalis 1
Cryptococcus neoformans CCM 8312 0
Cunninghamella blakesleeana CCM F-705 0
Fusarium oxysporum CCM F-485 3
Fusarium proliferatum 1
Fusarinm solani CCM F-358, CCM 8014, CCM 8079, CCM 8034 1
Mucor circunelloides 1
Muscor racemosus CCM 8190 0
Paecilomyces variotti CCM F-566, CCM F-398 0
Rbhizomucor pussilus CCM F-211 0
Rhizopus microsporus 1
Rhbizopus oryzae CCM 8075 2
Rhizopus stolonifer CCM F-445 0
Scedosporium apiospermum 1
Trichophyton mentagrophytes 1

environmental isolates were obtained from the Department
of Clinical Microbiology, University Hospital Brno. Clinical
isolate identification was done by microscopy and sequenc-
ing the rDNA ITS2 region.?

Clinical samples

We tested 104 BAL samples from immunocompromised
patients with an episode of pulmonary infection in this
study. Patient characteristics are shown in Table 2. All pa-
tients provided informed consent to use their BAL sam-
ples for scientific purposes. The BAL samples were pro-
cessed immediately or stored at —70°C. The episodes were
classified according to the European Organization for Re-
search and Treatment of Cancer/Mycoses Study Group
(EORTC/MSG) criteria®® into three categories—proven
(n = 2), probable (n = 16), and possible (n = 86).

Culture

Cultivation was carried out on the Sabouraud dextrose agar
(Laboratorios CONDA, Madrid, Spain) with Amikacin
(200 mg/l) (Bristol-Myers Squibb, Prague, Czech Republic)
and Vancomycin (6 mg/l) (SANDOZ, Prague, Czech Re-
public) for 6 days/30°C (yeasts) or 7 days/25°C and 37°C
(filamentous fungi). Identification of positive culture was
done by microscopy and colony morphology and confirmed
by sequencing.

GM detection. BAL fluid GM concentrations were deter-
mined using the Platelia Aspergillus kit (Bio-Rad, Marnes-
la-Coquette, France) according to the manufacturer’s in-
structions. The BAL fluid samples were centrifuged at
10,000 x g for 10 min, and 300 pul of the supernatant
of each sample was used for GM detection. A sample
with a GM index of positivity above 0.5 was considered
positive.
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Table 2. Demographic characteristics of patients.

No. of patients

Total
Male

Female

A
NN o
=

—_

Acute lymphoblastic leukemia

N

Acute myeloid leukemia

—_

Chronic lymphocytic leukemia
Chronic myleoid leukemia
Hairy cell leukemia

HIV positive patients
Hodgkin’s lymphoma
Myelodysplastic syndrome
Multiple myeloma
non-Hodgkin’s lymphoma
Solid tumor

OO A A WA O RN e

Unspecified malignant neoplasm
Other

-
™)

Probable IFD 16
Proven IFD 2
Possible IFD 86

DNA extraction

DNA extraction from both fungal cultures and BAL sam-
ples was carried out using a ZR Fungal/Bacterial Kit (Zymo
Research, Irvine, CA, USA) with a few modifications as de-
scribed previously.!” With each batch of samples an aliquot
of sterile water was processed to uncover possible contam-

ination during the DNA isolation step.

pan-HRM

Primers were designed on the free online Primer3 pro-
gram. (http://simgene.com/Primer3). We chose broad range
primers that hybridize to conserved sequences of 5.8S
(MB-F 5-GATGAAGAACGCAGCGAAAT-3") and 28S
(ITS-R §-TCCTCCGCTTATTGATAT-3) of rDNA, sur-
rounding variable ITS2, which is suitable for HRM
analysis. Bioinformatics’ analysis of possible cross re-
activity with other fungal species was done in Molec-
ular Evolutionary Genetics Analysis (MEGA) software
(http://www.megasoftware.net/). The reaction volume of
20 pul contained 10 pul of SensiFast HRM mix (Bioline,
London, United Kingdom), 0.8 M of each primer MB-F
and ITS-R and 4 pl of extracted DNA. Thermal cycling
conditions were as follows: initial denaturation at 95°C for
120 s, followed by 40 cycles of denaturation (95°C for § s),
annealing (60°C for 10 s), and extension (72°C for 20 s).
HRM analysis started at 74°C for 90 s (pre-melt condition-
ing), then the temperature was subsequently increased to
94°C by 0.05°C/s. A Rotorgene 6000 instrument (Corbett

Research, Sydney, Australia) was used for amplification.
The results were analyzed using Rotor-Gene 6000 series
software 1.7. We considered one clear peak (two peaksin C.
tropicalis and C. parapsilosis) which intersected the thresh-
old dF/dT > 0.5 as a positive result. Each strain was tested
in duplicate in two separate experiments by pan-HRM and
a library of their melting temperatures was created. The
sensitivity of the pan-HRM reaction was determined by
testing the genomic DNA isolated from fungal cultures (C.
albicans, F. solani, and A. fumigatus), serially diluted in
sterile deionized water. The last positive dilutions for C.
albicans and F. solani contained 1 fg of fungal DNA which
corresponds to less than 1 genome. The last positive dilu-
tion for A. fumigatus was a dilution containing 10 fg of
fungal DNA.

Detecting aspergilli and mucormycetes

In our institution, BAL from patients at high risk of IFD
or with suspicious IFD symptoms are tested with two
methods—commercial real-time PCR assay to detect the
four most common Aspergillus species A. fumigatus, A.
flavus, A. niger, and A. terreus (gb MICRO Aspergillus,
Generi Biotech, Hradec Kralove, Czech Republic) and
mucormycetes-specific nested PCR followed by HRM anal-
ysis as described previously.!” Detecting aspergilli was per-

formed according to the manufacturer’s instructions.
)

Statistical analysis

The contribution of pan-HRM to IFD diagnostics was as-
sessed. The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likeli-
hood ratios, and negative likelihood ratios were calcu-
lated using the online version of MedCalc Version 14.12.0
(http://www.medcalc.org/calc/diagnostic_test.php).

Results

pan-HRM in reference strains and strains from
clinical isolates

The ranges of each species’ melting temperatures were de-
termined using both reference strains and strains from
clinical isolates to create the HRM temperature library
(Table 3). Our method proved its ability to detect a broad
spectrum of fungal pathogens.

Detection and accurate identification of the five most
common species of Candida spp. (C. albicans, C. glabrata,
C. krusei, C. tropicalis, and C. parapsilosis) is presented in
Figure 1. C. albicans, C. glabrata, and C. krusei provide a
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Table 3. Melting temperatures library of reference fungal strains and strains from Department of Clinical Microbiology.

Range of melting temperature Length GenBank

Species (=0 No. of strains (bp) Acc. number
Absidia corymbifera Neg 3 NA NA
Aspergillus flavus 89.88-90.15 10 347 AJ853764.1
Aspergillus fumigatus 90.43-90.92 15 348 HF677588.1
Aspergillus nidulans 90.67-90.95 5 348 AJ937756.1
Aspergillus niger 89.67-90.25 10 350 AJ876876.1
Aspergillus sydowii 90.48-90.65 2 348 AMS883163.1
Aspergillus terreus genotype 1 90.78-90.95 2 356 AB661667.1
Aspergillus terreus genotype 2 91.53-91.80 5 356 AB661667.1
Aspergillus ustus 91.17-91.25 1 350 HG964332.1
Aspergillus versicolor 90.42-90.47 il 347 AMS883156.1
Candida albicans 84.63-84.85 10 333 KJ187033.1
Candida glabrata 83.37-83.52 10 414 HE993757.1
Candida krusei 88.43-88.45 1 341 KF959839.1
Candida parapsilosis 81.47-81.70 2 305 AB828583.1
Candida parapsilosis 2" peak 83.10-83.25 2 305 AB828583.1
Candida tropicalis 81.00-81.22 i 322 JQ904699.1
Candida tropicalis 2" peak 82.32-82.35 il 322 JQ904699.1
Cryptococeus neoformans 84.02-84-03 i 369 AJ876525.1
Cunninghamella blakesleeana 77.33-77.40 1 397 JN205865.1
Fusartum oxysporum 85.23-85.68 4 332 HF546393.1
Fusarium proliferatum 88.20-88.27 1 346 AJ810449.1
Fusarium solani 89.63-90.33 5 353 AB775570.1
Mucor circunelloides 80.22-80.33 1 365 AM745433.1
Mucor racemosus 80.02-80.05 I 362 AB369913.1
Paecilomyces variotti 90.85-90.95 2 349 KC237293.1
Rhizomucor pusillus Neg i NA NA
Rhizopus microsporus Neg 1 NA NA
Rhizopus oryzae Neg 3 NA NA
Rhizopus stolonifer Neg N NA NA
Scedosporium apiospermum 88.07-88.10 1 381 AB489090.1
Trichophyton mentagrophytes 90.12-90.17 i 363 7979951

Note: Expected length of PCR products according to representative strain from NCBI database.

single melting peak (84.63-84.85°C, 83.37-83.52°C, and
88.43-88.45°C), while C. tropicalis and C. parapsilosis are
characterized by a pattern with two peaks (81.00-81.22°C
and 82.32-82.35°C; 81.47-81.70°C, and 83.10-83.25°C).

Our pan-HRM method was also positive for Aspergillus
spp. including the most clinically important species of this
genus—A. fumigatus, A. flavus, A. terreus, and A. niger
(Fig. 1). Due to the similar melting temperatures, it can be
difficult to distinguish A. fumigatus/A. nidulans/A. sydowii
and A. niger/A. flavus (Fig. 1). However, using analysis of
the melting curves A. fumigatus can be distinguished from
A. nidulans and A. niger from A. flavus (Fig. 2). Strains of A.
terreus provided melting peaks in two different temperature
ranges (90.78-90.95°C and 91.53-91.80°C). However, af-
ter sequencing we found the explanation in two different
genotypes of A. ferreus sp. analysed in our collection of
fungal strains,

Fusarium oxysporum, F. solani and F. proliferatum gen-
erated a distinct melting peak (85.23-85.68°C, 88.20-
88.27°C and 89.63-90.33°C). The melting peaks for Fusar-
ium spp. and other medically important pathogens are pre-
sented in Figure 3. The range of melting temperatures of
F. solani was similar to ranges of melting temperatures of
A. flavus and A. niger. Differentiation of those species is
also possible by using melting curves (Fig. 4).

From the group of mucormycetes, we obtained posi-
tive results only for Mucor circinelloides, Mucor racemo-
sus and Cunninghamella blakesleeana. Also M. circinel-
loides and M. racemosus provide similar melting tempera-
ture but can be distinguished via comparison of their melt-
ing curves (Fig. 4). We obtained negative results for the
rest of mucormycetes, namely Absidia corymbifera, Rbi-
zopus microsporus, Rhizopus oryzae, Rhizopus stolonifer,
Rhizomucor pusillus. This was expected due to several
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Figure 1. Melting peaks of Candida spp. and Aspergillus spp.
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Figure 2. Identifying Aspergillus spp. using melting curves from high resolution melting analysis.
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Figure 3. Melting peaks of other medically important fungi.

mismatches between primers and target sequence in mu-
cormycetes DNA caused by low sequence homology of the
5.8S and 28S rDNA region compared to the other fungi.
Detecting mixed infection was tested on mixed samples of

C. albicans and C. glabrata with DNA concentration ra-
tios 1:1, 1:10, and 1:100 (Fig. 5). Our method is able to
differentiate a mixed sample of two fungal species if the
DNA concentration ratio between those two agents is 1:1
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Figure 4. Differentiation of fungal species with similar melting temperature using high resolution melting curve analysis. (A) Fusarium
solanilAspergillus flavus/Aspergillus niger; (B) Mucor racemosus/Mucor circinelloides.
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Figure 5. Detecting mixed samples. (A) Candida glabrata, (B) Candida glabrata : Candida albicans 1:1, (C) Candida glabrata : Candida albicans 10:1,
(D) Candida glabrata : Candida albicans 100:1.
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Table 4. Results of microbiological and molecular tests in BAL samples from patients with proven or probable IFD.

Patient  Gender IFDf Diagnosis*  Culture GM (IP)  Species-specific PCR Pan-HRM

1 M Proven IA CLL Neg 2.21 A. fumigatus Neg

2 M Probable A AML Neg 3.88 Neg C. albicans

3 M Probable IA MM A. fumigatus 9.44 A. fumigatus C. glabrata + A. fumigatus
4 M Probable A TAA A. fumigatus 8.96 A. fumigatus + A. niger  C. glabrata + A. fumigatus
5 F Probable IA  AML A. fumigatus, A. flavus ~ 8.49 A. fumigatus + A. flavus  A. fumigatus

6 F Probable IA  HL A. fumigatus 6.81 A. fumigatus Neg

7 M Probable A ALL A. fumigatus 8.6 A. fumigatus A. fumigatus

8 F Probable A MA A. fumigatus 5.54 A. fumigatus A. fumigatus

9 F Probable A AML A. fumigatus 9.53 A. flavus A. flavus

10 M Probable A MNoL Neg 1.5 Neg Neg

1 M Probable A  ALL A. fumigatus 6.96 A. fumigatus A. fumigatus

12 F Probable A AML Neg 0.5 Neg Neg

i3 F Probable A ALL A. fumigatus 5.14 A. fumigatus A. fumigatus

14 M Probable A  CLL A. fumigatus 6.57 A.fumigatus + A. flavus  A.fumigatus+ A. flavus

15 M Probable IA CLL Neg 7.1 A. fumigatus + A. flavus  A. fumigatus

16 F Probable IA  AML ND 6.2 A. flavus A. flavus

17 F Probable IA  AML Neg 239 A. fumigatus + A. flavus  A. fumigatus

18 M Proven IM HL Rhizomucor miebei neg Rhizomucor sp. neg

TIA, invasive aspergillosis, IM, invasive mucormycosis; *IAA, idiopathic aplastic anemia; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia;

CLL, chronic lymphocytic leukemia; HL, Hodgkin’s lymphoma; MA, mastocytosis; MM, multiple myeloma; MNoL, malignant neoplasm of unspecified part of

bronchus or lung; GM (IP), galactomannan in BAL (index of positivity).

or 1:10. When the DNA concentration ratio between two
pathogens is higher our method is able to detect only the
pathogen with a higher DNA concentration.

pan-HRM in BAL samples

In this study, we tested 104 BAL samples. One BAL sam-
ple was obtained from a patient with proven IA, 16 BAL
samples were obtained from patients with probable IA. 1
sample was obtained from a patient with proven IM and
86 BAL samples were collected from patients with possible
IFD.

Results from patients with proven or probable IFD are
summarized in Table 4. In BAL samples from the patients
with proven or probable IA (n = 17) culture was positive
in 10/17 (59%) cases; 17/17 (100%) samples had highly
positive GM. Aspergillus PCR was positive in 14/17 (82%)
cases, in five cases, it revealed a mixed infection with two
different Aspergillus species.

Pan-HRM was positive in 13/17 (76%) samples. Apart
trom aspergilli, Candida spp. were detected, which were
most probably contaminants from the upper airways. In
Figure 6 we demonstrate the performance of the assay on
BAL samples—positive detection of A. fumigatus, A. flavus,
and C. glabrata and a negative sample are presented.

The culture from the patient with proven IM revealed
Rbizomucor miehei. GM was negative, which is in con-
cordance with a diagnosis of invasive mucormycosis. Mu-

cormycetes PCR was positive for Rhizomucor sp. Pan-
HRM was negative, which confirmed our expectations,
based on the results mentioned above.

Culture results, aspergillus PCR and mucormycetes PCR
of all 86 samples from patients with possible IFD were
negative, All 86 samples were negative using pan-HRM,
and we did not observe any false positive results caused by
contamination, which is crucial as the BAL is not sterile
material and our method is able to detect a broad range of
fungi.

The sensitivity, specificity, NPV and PPV of the pan-
HRM method based on its ability to prove or rule out IFD
are summarized in Table 5.

Discussion

Rapid and accurate diagnostic tests are needed to improve
clinical IFD outcomes. For PCR detection of fungi in clinical
specimens, cither species-specific or broad-range methods
can be used. The advantages or disadvantages of both ap-
proaches must be considered. Species-specific primers might
miss infections caused by untargeted fungi; conversely, pan-
fungal primers can provide false positive results due to
environmental fungal DNA contamination. The results of
species-specific methods are usually available within 24 h,
while when panfungal PCR assays are done, verification of
the results by sequencing is necessary, which usually takes
2-3d.
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Figure 6. Results of fungal detection in BAL samples. (A) Aspergillus fumigatus, (B) Aspergillus flavus, (C) Candida glabrata and (D) negative sample.

Table 5. Sensitivity, specificity, PPV and NPV of pan-HRM.

Pan-HRM 95% CI
Sensitivity 66.67% 40.99-86.66
Specificity 100% 95.80-100.00
Positive Likelihood Ratio — NA
Negative Likelihood Ratio 0.33 0.17-0.64
PPV 100.00% 73.35100
NPV 93.48% 86.34-97.57

Note: PPV - positive predictive value, NPV — negative predictive value, HRM
- high-resolution melt analysis, CI - confidence interval.

Due to the issues raised above, panfungal PCR use
has so far been mainly focused on sterile samples (serum,

)12:13:25 or to identify fungal

blood, cerebrospinal fluid
pathogens in fresh or formalin-fixed paraffin embedded
tissue specimens from patients with culture or histologi-
cally proven IFDs.'* However, since the lungs are the most

common organ affected, BAL samples are frequently tested

for the presence of fungal pathogens. BAL samples are
usually tested using species/genus specific PCR to IA and
eventually to other possible fungal pathogens such as mu-
cormycetes.”’”

Within the framework of differential diagnosis in our
laboratory, we routinely test BAL samples from immuno-
compromised patients for the presence of Aspergillus spp.
and mucormycetes. If the results of these two tests are
negative, but there is still a suspicion of IFD and/or pos-
itive results in other tests (detecting GM and/or BG; mi-
croscopy) we then test the samples with nested panfungal
PCR followed by sequencing.?* Unfortunately, due to the
presence of colonizing/contaminating microbiota sequences
frequently being a non-pathogenic species, sequencing only
prolongs the time necessary to obtain results and increases
the analysis costs!* with no significant contribution to the
final diagnosis.

In this study, we decided to replace sequencing with
a method based on panfungal PCR followed by HRM
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analysis. The sensitivity and specificity of this method was
validated on both reference strains and clinical isolates.
Testing the fungal strains showed that the generated melting
peaks together with melting curves are highly discrimina-
tory. It was proved that the assay is able to detect as low
as 1-10 fg of fungal DNA (which is similar to real-time
PCR). We successfully amplified DNA from the most im-
portant fungal pathogens—Candida spp., Aspergillus spp.,
and Fusarium spp.

After the HRM temperature library was created, our
method was tested on a set of samples from immunocom-
promised patients. In patients with proven or probable IFD,
a comparison of results from other tests (culture, GM de-
tection) showed high compliance. The positive detection of
yeasts in three patients can most likely be classified as BAL
contamination from the oral cavity, since none of these pa-
tients had evidence of an infection caused by the Candida
spp- We were able to detect mixed infections (Patients 3,
4 and 14). In some cases (patients 4, 5, 15, and 17), pan-
HRM captured only one species of Aspergillus, while the
aspergillus specific assay found two different species. When
we analysed these cases closely, we found that the DNA
load of the species not detected by pan-HRM in the sample
was 20 to 25 times lower than the species captured. This
correlates with our findings listed above (Fig. 5).

The low false positivity frequency compared to other
panfungal methods can be explained by the more stringent
PCR amplification conditions. In previously published stud-
ies, high sensitivity was usually obtained by using nested
PCR, by using our method this was done in a single round.
Moreover, our method has a high annealing temperature
(60°C) ensuring specific amplification. In our opinion, this
makes our method more robust and less susceptible to de-
tecting air-borne fungi.

Due to the single center character of this study, we
are aware that our research is limited by its low number
of proven and possible cases of IFD. The most promi-
nent drawback of our assay is its inability to detect mu-
cormycetes (possibly except Mucor spp.) due to the low
sequence homology of the 5.8S and 28S region of rDNA
compared to other fungi. It prohibits MB-F/ITS-R primers
binding to this region. Therefore, additional tests (e.g., PCR
followed by HRM analysis'”) are necessary to exclude in-
Vvasive mucormycosis,

The role of our method in routine laboratory diagnosis
is designed to rapidly detect a fungal pathogen or exclude
IFD. A positive pan-HRM result can be obtained in less than
2.5 h (including DNA extraction). Species identification can
be difficult using only melting peaks, but as there are dif-
ferences in IFD treatment caused by different fungal gen-
era, the differentiation at genus level can be enough for an

appropriate start of treatment. The exception is species spe-
cific treatment of invasive candidiasis; however, our method
is able to reliably distinguish the five most common Can-
dida spp. Within detailed differential diagnosis, our method
takes place as a screening method which further determines
the direction of testing and thereby excludes the necessity
of using a complete range of species specific tests, which are
costly and time consuming.

In conclusion, we have developed a quick (30 min hands-
on time with 1.5 h for PCR and HRM analysis) and cheap
(1 USD/reaction) method to detect the most common fun-
gal pathogens. This method is characterized by high speci-
ficity (100%), PPV (100%) and NPV (94 %), and sensitivity
(67%). Despite a lower sensitivity, the great specificity, PPV
and NPV together with the low cost and short time needed
to obtain the initial results make it an ideal tool for fast
screening in patients at risk of IFD. Its results may deter-
mine the course of further testing (verification of the results
and quantification of fungal DNA load with species-specific
tests) and thus shorten the overall time required to achieve
the final result.
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Abstract

Rapid diagnostics of fungal pneumonia and initiation of appropriate therapy are still challenging. In this study, we used two
panfungal assays to test bronchoalveolar lavage fluid (BALF) samples to prove their ability to confirm invasive fungal discase
diagnosis and identify causative agents. Two methods targeting different fungal rDNA regions were used, and the obtained PCR
products were sequenced directly or after cloning. In total, 106 BALF samples from 104 patients were tested. After sequencing,
we obtained 578 sequences. Four hundred thirty-seven sequences were excluded from further analysis due to duplication (7=
335) or similarity with sequences detected in the extraction control sample (n=102); 141 unique sequences were analyzed.
Altogether, 23/141 (16%) of the fungi detected belonged to pathogenic species, and 63/141 (45%) were identified as various
yeasts; a variety of environmental or very rare fungal human pathogens represented 29/141 (21%) of the total and 26/141 (18%)
were described as uncultured fungus. Panfungal PCR detected fungal species that would be missed by specific methods in only
one case (probable cryptococcosis). Panfungal PCR followed by sequencing has limited use for testing BALF samples due to
frequent commensal or environmental fungal species pickup.

Introduction

The incidence of invasive fungal diseases (IFD) is increasing
in immunocompromised hosts, especially in oncology pa-
tients and transplant recipients. Despite the expanding range
of available antifungal drugs, thesc infections cause
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considerable morbidity and mortality (Cordonnier et al.
2014). The fungal pathogens’ timely detection is a prerequi-
site for successful therapy and for the clinical outcome in
patients with IFD (Landlinger et al. 2010). The vast majority
of IFD events are still caused by the genera Candida and
Aspergillus: however, over the past decades, more cases
caused by previously uncommon fungal genera (for example
Mucormycetes., Fusarium spp.. Scedosporium spp..
Trichosporon spp.) have been reported (Richardson and
Lass-Florl 2008; Landlinger et al. 2010; Trubiano et al.
2016). Identification to the species level is essential to deter-
mine therapy, given the differences in antifungal agent suscep-
tibility (Buitrago et al. 2013).

Conventional diagnostic tests such as radiological imaging,
culture-based testing, and histological analyses have limita-
tions in terms of sensitivity, specificity, and time to diagnosis.
Moreover, serological assays for the galactomannan antigen
(GM) and (1-3)-B-pD-glucan (BG) cannot detect all fungal
pathogens and have variable specificity, and negative results
do not completely exclude an ongoing fungal infection
(Pfeiffer et al. 2006; Alanio and Bretagne 2014).

Using polymerase chain reaction (PCR) to detect fungal
DNA proved to be a promising tool for the rapid, sensitive,
and accurate detection and identification of causative agents,

@ Springer
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but many published PCR assays have focused mainly on
Aspergillus or Candida species (Khot and Fredricks 2009:
Lengerova et al. 2010). As the spectrum of fungal pathogens
continues to expand, panfungal PCR could be an ideal tool for
their detection, since this method has the potential to detect all
fungal species. So far, panfungal PCR is mostly utilized when
sterile material, such as tissue or blood specimens, is exam-
ined (Babouee et al. 2013; Sugawara et al. 2013; Trubiano
etal. 2016). However, since pneumonia is the most common
IFD manifestation, one of the most frequently tested materials
in IFD diagnostics is bronchoalveolar lavage fluid (BALF).
Most studies dealing with IFD detection in BALF focus on
invasive aspergillosis (IA) and invasive mucormycosis (IM)
using specific assays (Boch et al. 2016; Millon et al. 2016:
Springer et al. 2016; Marchesi et al. 2017). Only a few pub-
lished studies are concerned with panfungal PCR detection in
BALF (Bezdicek et al. 2016; Trubiano et al. 2016).

The aim of this study was to evaluate the utility of a
panfungal PCR to test BALF samples from patients at risk
of IFD, who were mostly tested negative using method to
detect aspergilli and mucormycetes. To achieve this goal, we
used previously published panfungal PCR assays, targeting
the internal transcribed spacer 2 (ITS2) region of the ribosom-
al DNA (rDNA), followed by PCR product sequencing to
clucidate the spectrum of fungal pathogens present in BALF.
If mixed PCR products were present (that cannot be directly
sequenced), they were cloned into the vector first.

Materials and methods
Clinical samples

In this study. we tested 106 BALFs from 104 immunocompro-
mised patients with episodes of pulmonary infections. All pa-
tients provided informed consent before the BAL procedure.
The BALF samples were processed immediately or stored at
—70 °C. Patient population characteristics, underlying diagno-
sis, and IFD classifications are summarized in Table 1. The
episodes were classified according to the European
Organization for Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG) criteria (De Pauw et al. 2008).

DNA isolation

DNA was isolated from the BALF in a biological safety cab-
inet in a separate laboratory. If frozen, samples were thawed
for 30 min at room temperature, and DNA was isolated from
2 mL of BALF using a Fungal/Bacterial DNA Kit (Zymo
Research, Irvine, CA, USA) according to the manufacturer’s
instructions with a few modifications before the DNA extrac-
tion as described previously (Lengerova et al. 2014). An ali-
quot of sterile water was processed with each set of samples to

@ Springer

Table 1T  Demographic characteristics of patients
Patients (%)

Total 104 (100)
Male 61 (59)
Female 43 (41)
Diagnosis

ALL 7(7)
AML 24(23)
CLL 13 (12)
HL 4(4)
NHL 10 (10)
Solid tumors 28 (27)
MM 2(2)
Other 16 (15)
Proven IFD 44
Probable IFD 22 (21
Possible IFD 78 (75)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL,
chronic lymphocytic leukemia; HL, Hodgkin’s lymphoma; NHL, non-
Hodgkin’s lymphoma: MM, multiple myeloma: /FD, invasive fungal disease

uncover possible contamination during the DNA isolation
step and marked as an extraction control (EC) sample. We
performed albumin gene detection to verify the DNA isolation
process gene in cach sample (Chiu et al. 2001).

Panfungal PCR assays

Fungal pathogen detection was performed using qualitative
panfungal PCR methods with primers amplifying the TSI
and ITS2 regions (see Fig. | for primer position) (Ferrer
et al. 2001; Dendis et al. 2003). PCR product length and
primers used are summarized in Table 2. Each sample was
tested in duplicate including the EC. If mixed PCR products
were detected, it was purified using the QIA quick PCR
Purification Kit (Qiagen, Germany) and then ligated into plas-
mid vector pCR 2.1 (Invitrogen, USA) and cloned into
INVaF’ chemically competent Escherichia coli according to
the manufacturer’s instructions. Next day, five to ten white
bacterial colonies were subjected to a control PCR reaction
using the M 13 primers to test transformation efficiency. After
verification of the correct insert size by agarose electrophore-
sis, five colonies were used to inoculate 2 mL LB broth con-
taining 100 pg/mL ampicillin and incubated overnight at
37 °C with shaking. Plasmid DNA was isolated using the
QIAprep Spin Miniprep Kit (Qiagen, Germany) according to
the described protocol. Inserts were sequenced with the M13
primers. Sequencing was performed using the BigDye
Terminator Kit (Applied Biosystems) on a 3130x] ABI se-
quencer (Applied Biosystems, Foster City, CA, USA).
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On the basis of the interim results, we tested the second half
of the samples at a later stage of the study only using the
external round of the PCR2 method (here named as PCR3).
The PCR products obtained by PCR3 were purified using the
QIA quick PCR Purification Kit (Qiagen, Germany) and di-
rectly sequenced using the ITS1 and ITS4 primers.

Identification of fungal pathogens

All sequences were saved in the FASTA format for later pro-
cessing. Patients’ sequences were aligned with the corre-
sponding EC sequences, and matching sequences were ex-
cluded from this study. Multiple sequence alignment was car-
ried out in Molecular Evolutionary Genetics Analysis
(MEGA) software (http://www.megasoftware.net/). All
sequences were analyzed using the BLAST software (http://
blast.ncbi.nlm.nih.gov/Blast.cgi), CBS databases (http://
www.cbs.knaw.nl/Collections/BioloMICSSequences.aspx),
and thus, fungal species were identified. Each sequence,
which appeared multiple times in the sample for a patient,
was counted only once.

Results

In this study, 106 BALF samples from 104 immunocompro-
mised patients were analyzed by two panfungal PCR assays;
73 were positive with either method and 33 were negative.
Our study was conducted on samples mostly obtained from
patients clinically evaluated as having possible or probable
fungal infection. All these samples were tested for the pres-
ence of the most frequent fungal infections agents (Aspergillus
and mucormyecetes) using specific real-time PCRs.

The first 53 BALFs from 53 patients were tested using
PCR1 and PCR2, which amplify the fungal DNA fragments
between 300 and 350 base pairs (bp) and target a broad

spectrum of fungi, including environmental species. These
highly sensitive PCR methods (nested PCR/low annealing
temperature) led to fungal DNA amplification in all clinical
samples and most EC samples. After PCR amplification, mul-
tiple bands were present on the agarose gel. Therefore, cloning
of the PCR products before sequencing was performed.

Due to repeated problems with EC positivity in each run,
the BALFs in the second part of the study (51 patients) were
tested by one-round PCR3 with the ITS1-ITS4 primer pair. A
total of 53 BAL samples were tested. Twenty-two BAL sam-
ples from 20 patients had positive results, and identification
was carried out by direct PCR product sequencing; 33 BAL
samples from 33 patients were negative for fungal DNA. EC
samples were always negative.

The total number of the obtained sequences was 578. Out
of them, 437 sequences were excluded from further analysis
by alignment because they were detected in multiple colonies
from the same sample (# =335) or due to similarity with se-
quences detected in the EC (n=102). A collection of 141
unique sequences (Supplementary Table 1), 119 obtained after
PCRI + PCR2 and 22 after PCR3, was included in the final
processing. Reported fungal species” names correspond with
the current taxonomic standard indicated in the NCBI and
CBS taxonomy databases, on the basis of external references.
When tested with PCR1 + PCR2, there was one fungal species
in 25/53 (47%) of the samples, two fungal species in 17/53
(17%), and three fungal species in 6/53 (11%) were observed.
Three and more fungal species were identified in 5/53 (10%)
patients. A narrower range of fungi was found by PCR 3; this
one-round method (amplifies DNA fragments about 600 bp)
detected only one species per patient.

A diverse range of yeast and molds, including medically
important fungi, uncommon pathogens, and fungi never be-
fore described in humans, were detected (Tables 3 and 4).
From the total number of 141 sequences, 96 (68%) could be
identified at the species level (sequences showed 98 to 100%

Table 2 Primers used for PCR

methods Method PCR primers set Amplicon length (bp)
POR.1 UNF1, UNFla, UNF1b, UNF2 (Dendis et al. 2003) About 350
PCR2 ITS1, ITS4, ITS86 (Ferrer et al. 2001) About 300
PCR3 ITS1, ITS4 (Ferrer et al. 2001) About 600
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Table 3 Fungal taxa detected by PCR1 and PCR2

Table 4 Fungal taxa detected by PCR3

Fungal genus/species No. of sequences

Fungal species No. of sequences

Acremoniuim Spp. 1
Alternaria tenuissima 1
Aspergillus flavus 1

Aspergillus fumigatus 6

wn

Aspergillus spp.
Aspergillus terreus

Aspergillus versicolor

W = —

Botryotinia fuckeliana

@

Candida albicans
Candida glabrata
Candida guilliermondii

Candida parapsilosis

L D

Candida spp.
Cladosporium spp.
Cryptococcus dimennae
Cryptococcus magnus
Dioszegia spp.
Emericella nidulans
Epicoccum nigrum
Fusarium oxysporum

HHH.S'HHI-([S[)()PTI uvarum

wm = NN == =W

Issatchenkia orientalis
Kluyveromyces marxianus
Lodderomyces elongisporus
Malassezia furfur
Myrothecium verrucaria
Penicillium brevicompactum

Penicillium glabrum

W o= W = e

Penicillium chrysogenum

Penicillium oxalicum

W o=

Penicillium spp.

Pichia fabianii

Rhizopus microsporus
Rhodotorula spp.
Saccharomyces cerevisiae

Sporobolomyces spp.

Trichoderma spp.

o
(=}

Uncultured fungus

identity to sequences deposited in the GenBank database), and
19 (14%) were reported at the genus level (95 to 98% identi-
ty). Twenty-six (18%) sequences from the amplified taxa were
assigned as uncultured fungi.

Altogether, 18/141 (13%) of the fungi detected belonged to
the Aspergillus genus. From the other pathogenic species,
DNA sequencing revealed rare pathogenic fungi Rhizopus
microsporus, Rhizomucor pusillus, Fusarium oxysporum,
and Schizophyllum commune. Besides aspergilli and

@ Springer

Aspergillus fumigatus
Candida albicans
Candida glabrata

Candida tropicalis

o W s O

Kluyveromyces marxianus

Rhizomucor pusillus

Schizophyllum commune 1

mucormycetes, the most frequently observed were various
yeasts, in 61/141 (43%) sequences, most probably as contam-
inants from the oral cavity (Monteiro-da-Silva et al. 2014). A
variety of environmental or very rare fungal species, described
previously in literature as human pathogens, represented 33/
141 (23%) of the total (see Table 3). Also present were four
species that have never been described previously as causing
infectious disecases, such as Botrvotinia fuckeliana, Dioszegia
spp.. Hanseniaspora uvarum, and Myrothecium verrucaria.

The results obtained in a cohort of the proven (4/104) and
probable (22/104) IFD patients are summarized in Table 5. In
3 out of 4 patients with proven IFD, both specific and
panfungal PCR assays detected pathogenic fungal species.
Moreover, in 1 patient, panfungal PCR detected
Cryptococcus sp., which was not detected by specific
methods. Conversely, in patient #4, pantfungal PCR detected
numerous species that were highly probable contaminants.
Cultivation was performed in 2/4 proven IFD patients; one
was positive and one negative. GM positivity was observed
in one patient. In probable IFD patients, aspergilli were iden-
tified in 6/22, when compared to 11/22 BALs positively de-
tected by specific methods. In most BAL from probable (and
possible) IFD, more than 1 species was detected, suggesting
we picked contaminating/colonizing species. Only 3 BALs
from patients with probable [FD and 30 with possible IFD
were negative. Cultivation was performed in 15/22 probable
LFD patients, in which 5 were positive. GM test yielded pos-
itive results in 21/22 patients. In the group of possible patients,
cultivation was performed in 5/78 patients; 4 were positive
and 1 negative. GM was negative in all patients.

Discussion

Rapid and accurate detection and identification of pathogenic
fungi can improve the diagnosis and treatment of IFD. For
PCR detection of fungi in clinical specimens, either species-
specific assays or broad-range panfungal methods can be
used. Each method has its particular advantages and disadvan-
tages. Species-specific assays allow rapid pathogen detection
(and quantification), but specific primers might miss
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Table 5 Result obtained in proven and probable IFD patients
Patient  Diagnosis IFD Specific PCR Panfungal PCR
Species detected Method used Species detected
1 MM Proven Aspergillus terreus PCR 1.PCR 2 Aspergillus terreus
2 ALL Proven Rhizopus microsporus  PCR 1, PCR 2 Rhizopus microsporus. Aspergillus spp., Candida sp.. Penicillium sp.,
Trichoderma spp.
3 HL Proven Rhizomucor pusillus PCR 3 Rhizomucor pusillus
4 CLL Proven Negative PCR 1.PCR 2 Cryptococcus sp.
5 ALL Probable  Aspergillus fimigatus  PCR 1. PCR 2 Aspergillus fumigatus, Aspergillus nidilans
6 HL Probable  Aspergillus fumigatus ~ PCR 3 Aspergillus fitmigatus
1) Solid tumor ~ Probable  Aspergillus fumigatus  PCR 1, PCR 2  Aspergillus fumigatus
8 AML Probable  Aspergillus flavus PCR 1. PCR 2 Aspergillus flavus
9 CLL Probable  Aspergillus fumigatus ~ PCR 1, PCR 2 Aspergillus spp., Botryotinia fuckeliana, Penicillium brevicompactum
10 AML Probable  Aspergillus sp. PCR 1. PCR 2 Aspergillus sydowii/versicolor
11 AML Probable  Aspergillus flavus PCR 1,PCR 2 Penicillium sp.
12 AML Probable  Aspergillus fimigatus ~ PCR 1, PCR 2 Alternaria sp., Rhodotorula sp., uncultured fungus
13 HL Probable  Aspergillus fimigatus ~ PCR 1, PCR 2 Botivotinia fuckeliana, uncultured fungus
14 ALL Probable  Aspergillus flavus PCR 1,PCR 2 Fusarium oxysporuimn
15 NHL Probable  Aspergillus fumigatus ~ PCR 1, PCR 2 Candida albicans, Cladosporium sp.
16 AML Probable  Negative PCR 1.PCR 2 Alternaria tenuissima, Cladosporium sp., Penicillium oxalicum
17 ALL Probable  Negative PCR 1.PCR 2 Cladosporium sp., Sporobolomyces sp.
18 AML Probable Negative PCR 1,PCR 2 Fusarium oxysporum, Issatchenkia orientalis, Malassezia firfur
19 NHL Probable Negative PCR 1, PCR 2 Penicillium chrysogenum
20 NHL Probable  Negative PCR 3 Candida albicans
21 NHL Probable  Negative PCR 1, PCR 2  Candida albicans
22 AML Probable  Negative PCR 1.PCR 2 Uncultured fungus
23 AML Probable Negative PCR 3 Negative
24 AML Probable  Negative PCR 3 Negative
25 ALL Probable  Negative PCR 3 Negative
26 CLL Probable  Negative PCR 3 Negative

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL, chronic lymphocytic leukemia: /7L, Hodgkin’s Ilymphoma; N/L, non-
Hodgkin’s lymphoma; MM, multiple myeloma: /FD, invasive fungal disease

infections caused by untargeted fungi. Conversely, panfungal
methods can detect a broad range of fungal species but are
labor intensive (results are usually available within 23 days)
and require post-PCR analysis, usually sequencing and in
silico analysis of sequences for precise identification.
Furthermore, there are no commercial assays available which
makes standardization between centers difficult. As the spec-
trum of human pathogens continues to expand, panfungal
PCR assays are important in detecting emerging pathogens
(Douglas et al. 2016). However, as shown in our study, its
usefulness is limited by false positive results due to fungal
DNA contamination (environmental or laboratory) or airway
colonization. Fungi are often present in laboratory specimens
in low abundance, which complicates distinguishing ongoing
infection from colonization/contamination (Bittinger et al.
2014). Sample contamination can occur during sample collec-
tion or during sample processing at the pre-sequencing stage.

The internal transcribed spacer (ITS) region is widely used
as a validated DNA barcode marker for the identification of
fungal species (Schoch et al. 2012). Applying a panfungal
PCR to amplify the ITSI or ITS2 region of the rDNA gene
followed by DNA sequencing is a highly sensitive and useful
tool to detect and identify a wide range of fungi, but clinical
studies are mainly focused on sterile samples such as fresh
tissues or formalin-fixed, paraffin-embedded tissue specimens
from patients with proven or probable IFD (Babouee et al.
2013; Buitrago et al. 2014; Trubiano et al. 2016; Valero
et al. 2016; Gomez et al. 2017; Zeller et al. 2017). Due to
the fact that the lungs are the most common organ affected,
BAL samples are very useful in IFD diagnostics. Currently,
species-specific PCR is widely used for 1A or IM detection
from BAL (Hoenigl et al. 2014; Lengerova et al. 2014).

In this study, we intended to eliminate possible false nega-
tive results caused by the presence of mismatches in the target
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sequences when strictly species-specific methods are used or
demonstrate the presence of rare fungal species. In 73 positive
BALF samples, various fungal organisms were detected and
successfully identified to the species level. This result was not
surprising, because many nonpathogenic fungi can colonize
the respiratory tract (Shin et al. 2013; Bittinger et al. 2014).
The positive detection of Candida spp. with high frequency
can most probably be explained by colonizing/contamination
microflora from the upper airways and oral cavity rather than
the presence of a pathogen, since none of these patients had
evidence of a Candida infection.

Although we processed each specimen with its own nega-
tive control during DNA extraction (EC sample) and PCR
amplification, environmental specimen contamination by air-
borne fungi can be another possible cause of false positive
results in PCR1 and PCR2. The high false positivity frequen-
cy can be explained by the less stringent PCR amplification
conditions. Despite those limitations, even a combination of
PCRI + PCR2 was able to detect a single clinically relevant
species in some samples—we speculate that these were sam-
ples in which this species’ DNA was the most abundant; prob-
ably, these were taken at the more advanced stages of the
infection. PCR3 seems to be a more suitable method for
screening BAL for fungi because it is less time-consuming
due to direct sequencing and more robust with a lower risk
of contaminant amplification. In our previously published
study, we also proved that using more stringent PCR amplifi-
cation conditions and high annealing temperature make the
panfungal method more robust and less susceptible to detect-
ing air-bomne fungi (Bezdicek et al. 2016). Compared to this
study, the method published by Bezdicek et al. is able to dif-
ferentiate fungi reliably only at genus level and it fails to detect
mucormycetes.

Furthermore, this study uncovered the spectrum of fungal
species that can be detected in BAL samples and highlighted
the importance of proper fungal PCR result interpretation. A
similar spectrum of fungal species was obtained recently when
NGS was used to study BAL samples (Bittinger et al. 2014).
The findings of uncultured fungi were recorded also by other
clinical studies using PCR targeting 18S rDNA
(Mukhopadhya et al. 2015) or ITS2 region (Zeller et al.
2017). The term “uncultured fungi” refers to sequences iden-
tified in GenBank as fungal, but of yet-uncharacterized origin
(Underhill and Iliev 2014). Like unculturable bacteria in the
microbiome, unculturable fungi comprise the largest part of
the human mycobiome (Cui et al. 2013).

Despite the extensive laboratory work, in most samples, we
were not able to unambiguously prove the fungal species re-
sponsible for the infection. There could be several explana-
tions, either the pathogenic fungal species was cleared (e.g.,
due to empirical antimycotic therapy) or despite the fact that
patients fulfilled criteria for probable or possible IFD, the
cause of their pneumonia was not fungi.

@ Springer

Based on the results of this study, we would recommend
that panfungal PCR is more appropriate to use in samples
obtained from sterile sites. Its use for non-sterile sample
(e.g.. BALF) testing should be limited to situations when stan-
dard diagnostic procedures do not render a diagnosis, and a
fungal infection is still expected by the clinician. In this situ-
ation, very sensitive methods are not desirable since these will
very probably pick up numerous colonizing/contaminating
fungal species besides pathogens. PCR data should be used
in conjunction with other findings, including host factors, clin-
ical manifestations, radiographic imaging, and other bio-
markers (McCarthy and Walsh 2016). It is also important
not to overemphasize the detection of fungi with uncertain
pathogenicity. Their proof as causative agents should be ac-
companied by other laboratory methods’ positive results (pos-
itive culture from sterile site or microscopy).
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- Abstract

Background: Patients with hematological malignancies (HM) are at high nisk of mortality from SARS-CoV-2 disease
29 (COVD-19). A better understanding of nisk factors for adverse outcomes may improve clinical management

in these patients, We therefore studied baseline characteristics of HM patients developing COVID-19 and analyzed
predictors of mortality,

Methods: The survey was supported by the Scientific Working Group Infection in Hematology of the Eurcpean
Hermatalogy Association (EHA). Eligible for the analysis were adult patients with HM and laboratory-confirmed COVID-
19 observed between March and Decernber 2020,

Results; The study sample includes 3801 cases, represented by ymphoproliferative (mainly non-Hodgkin ymphomna
= 1084, myeloma n= 684 and chronic lymphoid leukemia n=474) and myeloproliferative malignancies {mainly
acute myeloid leukemia n=497 and myelodysplastic syndromes n=279), Severe/critical COMID-19 was observed

in 63.8% of patients (n=2425). Overall, 2778 (73.1%) of the patients were hospitalized, 589 {18.1%) of wharn were
admitted to intensive care units (ICUs), Overall, 1185 patients (31.2%) died. The primary cause of death was COVID-
19in 688 patients (58.1%), HM in 173 patients (14.8%), and a combination of both COVID-19 and progressing HM in
155 patients 113.1%). Highest mortality was observed in acute myeloid leukernia (199/497, 40%) and myelodysplastic
syndromes (1187279, 42.3%). The mortality rate significantly decreased between the first COVID-19wave (March-May
20200 andd the second wave (October-December 20200 (5811427, 40.7% va 4391 773, 24 8%, povalue < 00001, In the
multivariable analysis, age, active malignancy, chronle cardiac disease, liver disease, renal impalrment, srmoking history,
and ICL stay comelated with martality. Acute myelaid leukernia was a higher martaliny risk than lvmphaopraliferative
diseases.

Conclusions: This survey canfirms that COVID-19 patients with HM are at high risk of lethal complications. However,

Background

Corenavirus disease 19 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was declared a pandemic by the World Health Organi-
zation (WHO) in March 2020 [1]. During that year
COWVID-19 spread worldwide, causing over 1.5 million
deaths. Patients with hematological malignancies (HM)
are considered at high risk of developing severe and life-
threatening infections, because of immune deficiency
and immunosuppressive treatments. Severe infections
in HM patients can determine a worsening of the clini-
cal outcome, potentially affecting life expectancy. SARS-
CoV-2 affects HM patients disproportionally, leading
often to severe COVID-19 with a high mortality rate [2].
So far, various reports have been published on COVID-
19 HM patients, but in most cases on small patient
cohorts [3-8], specific HM [9-12], or larger reports from
single countries [13—16]. In June 2021, an ongoing world-
wide registry of the American Society of Hematology
{ASH) reported a total of 1013 cases of COVID-19 infec-
tions in HM [17]. Altogether, these data show a signifi-
cant mortality rate, ranging between 13.8 and 39%, and
highlighting the major relevance of COVID-19 manage-
ment in this frail patient population [3-17]. Advanced
disease, one or more co-morbidities, older age, type of

improved COVID-19 prevention has reduced mortality despite an increase in the number of reported cases.
Keywords: COVID-12 Pandemic, Hematological malignancies, Epidernialogy, EHA

mxlignam:}'. in parﬂcular acute m}'elm'd leukermia (AML),
and several laboratory parameters, for example high
C-reactive protein, lymphopenia, and neutropenia, were
found to be risk factors for COVID-19 in HM patients
[14-16]. A possible role of some antineoplastic drugs has
been reported to be protective in patients with myelopro-
liferative disorders [18, 19], Despite the current spread
of vaccination programs among HM patients in several
countries, the future trajectory of this pandemic seems
still to be uncertain. Collecting further data and gaining
a better knowledge about COVID-19 in HM is therefore
relevant for hematologists around the world.

The EFICOVIDEHA, Epidemiology of COVID-19 Infec-
tion in Patients with Hematological Malignancies: A Euro-
pean Hematology Association Survey, multinational project
aimed to collect COVID-19 cases ccowrring in HM patients
in 2020, and was performed on behalf of the Scientific
Working Group Infection in Hematology of the European
Hematology Association (EHA). The objective was to assess
epidemiology and cutcomes of COVID-19 in HM patients.

Methods

Study design and patients

EPICOVIDEHA is an international open web-based reg-
istry for patients with HM infected with SARS-CoV-2
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[20]. The survey has been approved by the Institutional
Review Board and Ethics Committee of the Fondazione
Policlinico Universitario Agostino Gemelli—IRCCS, Uni-
versith Cattolica del Sacro Cuore of Rome, ltaly (Study
[D: 3228). The corresponding local ethics committee
of each participating institution has approved the EPI-
COVIDEHA study when applicable. EPICOVIDEHA
has been registered at www.clinicaltrials.gov with the
identifier NCT04733729. Different medical hematol-
ogy societies have joined this project {Additional file 1:
Table 1). Participating institutions documented episodes
of COVID-19 in their patients with baseline HM between
March 2020 and December 2020. Data were collected via
the EPICOVIDEHA electronic case report form (eCRF),
available at www.clinicalsurveys.net. This online sur-
vey is provided by EFS Fall 2018 (Questback, Cologne,
Germany).

Procedures

Experts at the University Hospital Cologne, Cologne,
Germany, with previous experience in the research and
study of HM and infectious diseases, reviewed each case
included in the registry, for completeness and consist-
ency. Each patient was reviewed for validity following
the inclusion criteria: (a} HM {excluding non-malignant
hematological disorders or solid tumors), (b) malig-
nancy with activity during the 5 years before COVID-19
{either diagnosis or treatment), {c) patient over 18 years
of age, (d) hematological diagnosis before COVID-19,
and {e) laboratory diagnosis for COVID-1% (not clinical
diagnosis). [Jata on patients’ demographic characteris-
tics and baseline conditions before COVID-19 were col-
lected, Additional variables, such as type of COVID-19
test, the reason for COVID-19 test, admission to 1CU
after COVID-19, day of death, and cause of death were
collected.

The diagnosis of COVID-19 was made according to
the international recommendations of the WHO [21].
At the time of the survey design, no well-defined crite-
ria were yet available to establish a degree of infection
severity. Therefore, the following definitions have been
included: asymptomatic {no clinical signs or symp-
toms); mild (non-pneumonia and mild pneumonia);
severe (dyspnea, respiratory frequency =30 hbreaths
per min, SpO2 =93%, PaO,/Fi0,<300, or lung infil-
trates = 50%), and critical {patients admitted in intensive
care for respiratory failure, septic shock, or multiple
organ dyslunction or failure). However, our grading
definition was very similar to the one suggested by the
China Centers for Disease Control and Prevention defi-
nitions [22]. Overall case-fatality rate {overall mortal-
ity} was define as the proportion of deaths for any cause
compared to the total number of patients registered
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during the observation time. Attributable or contribut-
able deaths were defined on the basis of subjective judg-
ment of the local physician.

Study objectives

The primary objective of this study was to assess the epi-
demiology and the outcome of HM affected by COVID-
19. Secondary objectives were; (1) to estimate the
prevalence of disease severity (i.e., asymptomatic, mild,
severe disease); (2) to evaluate the prevalence of ICU
admission; (3) to estimate the frequency of pre-existing
co-morbidities; (4) o evaluate the overall case-fatality
rale; (5) to assess geographical patterns of the disease; {5)
to stratify patients according to treatment of the under-
lying HM (oft/on) and according to type of therapy (Le.
chemotherapy, immunotherapy, targeted therapy, hemat-
opoietic stem cell transplant [HSCTT).

Statistical analysis

The primary analysis describes the demographic and
clinical characteristics of patients with COVID-1%9 after
a previous HM diagnosis. Categorical variables are pre-
sented with frequencies and percentages, and continu-
ous variables with median, interquartile range (IQR)
and absolute range. The secondary analysis studies
independent predictors of overall mortality in hema-
tological patients with COVID-19, by employing a Cox
proportional hazard model. Univariable Cox regression
model was performed with variables suspected to play
a role in the mortality of HM patients with COVID-19
(i.e, sex [reference female], age, malignancy status [ref-
erence controlled disease|, hematological malignancy
[reference Hodgkin lymphomal, COVID-19 infection
[reference asymptomatic], ICU stay, chronic cardiopa-
thy, liver disease, chronic pulmonary disease, diabetes
mellitus, obesity, renal impairment, smoking history,
neutrophils [reference < 500 units/mm’], lymphocytes
[reference = 200 units/mm?], and last chemotherapy
[reference >3 months before COVID-19]). Variables
with a p-value =0.1 were considered for multivariable
analysis, A multivariable Cox regression model was
calculated with the Wald backward method, and only
those variables that were statistically significant dis-
played. Mortality was analyzed using Kaplan—Meier
survival plots. Log-rank test was used to compare the
survival probability of the patients included in the dif-
ferent models, based on COVID-19 severity, baseline
malignancy, pandemic wave, and HSCT /non-HSCT. A
p-value = (L05 was considered statistically significant.
No a priori sample size calculation was done for this
exploratory study. SPS5v25.0 was employed for statis-
tical analyses (SP55, IBM Corp., Chicago, IL, United
States),
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Role of funding source

The funder of the study had no role in study design, data
analysis, and interpretation, or writing of the report. All
authors had full access to the data and had final responsi-
bility for the decision to submit for publication,

Results

A total of 132 centers in 32 countries participated in this
survey (Fig. 1, Additional file 2: Tables 2), and registered
4117 cases. Of these, 316 (7.7%) were excluded for the
following reasons: age < 18 years old, clinical diagnosis of
COVID-19, double-entry, non-malignant hematological
diseases, incomplete information, more than 5 vears off-
therapy from the last chemotherapy, or solid cancer.

The demographic and clinical characteristics of 3801
valid cases are reported in Table 1. There was a higher
prevalence of males (in=2222, 58.5%) and Caucasian eth-
nic background (n=328% 86.5%). The median age was
65 years {10R: 54-74; range 18-95),

Patients with non-Hodgkin lymphoma (NHL) repre-
sented the largest subgroup (n= 1084, 28.5%), followed
by patients with multiple myeloma (MM) (1= 684, 18%)
and those with AML (n=497, 13.1%). Overall, 67.3% of
the patients who developed COVID-19 had a baseline
lymphoproliferative disease (n=25357) (Table 1). More
than 51% of the patients had active disease [n=1963),
and 2502 patients (65.8%) had received chemotherapy in
the 3 months before the onset of COVID-1% (Table 2),
The most frequent treatments were chemotherapy with
immunotherapy or immunotherapy alone administered
to 983 patients (25.9%), compatible with the proportion
of patients with WHL. In 271 patients (7.1%), the infec-
tion occurred concomitantly with the diagnosis of HM,

s

| Fig.1 Gecgraphical distribution of pateent reported to ERICCVIDEHA
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and in 138 of those (50.9%) before treatment initiation
for the baseline malignancy (Table 1). Five hundred fifty-
seven patients (14.7%) had a transplant procedure per-
formed in their clinical history (292 autologous HSCT
[auto-HSCT] and 265 allogeneic HSCT [allo-HSCT]). In
247 patients, 173 allo-HSCT and 74 auto-HSCT recipi-
ents, the transplant procedure was the last therapy before
COVID-19 infection. In total 24 patients in the registry
were treated with chimeric antigen receptor T (CAR-
T cells reinfusion, of which 3 patients had been treated
with additional therapies after the CAR-T cell therapy
(Table 2.

Owverall, 2304 (60.6%) patients had al least one comor-
bidity, with cardiovascular diseases being most frequent
[n=1146, 30.1%). In 447 patients (12.5%) smoking his-
tory was reported (Table 1),

At the onset of COVID-19 infection, 280 patients
(7.4%) had neutrophils below 0.5 = 10%mm’, and 344
patients (%1%} lymphocytes below 0.2 % 107/mm’
(Table 3).

SARS-CoV-2 infection was diagnosed by naso-
pharyngeal swab in almost all patients (n=3700,
97.3%). COVID-19 tests were performed in 3027
patients [79.6%) because of pulmonary andfor extrapul-
monary symptoms, and in 727 patients (19.1%) as part
of asymptomatic screening. Reason for testing was
unknown in 47 {1.2%). Presence of respiratory symp-
toms, mainly cough and dyspnea, was the most fre-
quent clinical presentation, reported in 2285 (60.1%),
and in 831 of them (21.9%) it was combined with extra-
pulmonary symptoms, In 742 patients (19.5%) extra-
pulmonary symptoms, in particular anosmia, diarrhea,
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Table 1 Cemographic and clinical characteristics of enrglled
patients at COVID-19 diagnosis

" %
Sew
Fermahe 1578 415
fiale 2222 565
Aae, median (OR) frenoe] 65 (54-74), | 18-05]
Comortnities
Chraric cardiopathy 1146 301
Chrome pulmonary duease 614 16.2
Crabetes mallite: 620 164
Liver disease 167 44
Dhesity 345 ol
Renal impairment 325 85
Smaking histary ary 125
Mo risk Factor identified 1463 385
Baseline hematalagical malgnanoes
Acute lymphoid leukemia 160 44
Chronic lymphoid kukemia a7 125
Acute myeloid leukemia 407 131
Chronic myeloid leukemia 1ai 4.2
Wivelodysplastic syndrome 270 73
Lowe-intermeadiare sk 138 is
High risk s 13
Mot stated LR 24
Hairy cell l2ukemia 23 ng
Hexdgkin lymphoma 135 L
Man-Hedgkin lymphama 1084 2BS
Irwdesenit 497 131
Aqrassive 516 136
Mo stated n 12
Essential thrombocythemis 69 158
Myelfibinoss 127 iz
Palyeythermia vera 70 18
Syslemic maslocesis 5} n2
Multiple ryelcana oB4 180
A osis a n2
Aplastic anemia 20 05
Stolur”
Controfied deease 1760 6.3
Compiete remission 1170 08
Fartal remission 500 155
Acnvedisease 1963 16
Onset =11+ 234
RefractanResstant 473 124
Stabile disease 524 138
Linknown R 21
Linkrown 18 21

Diata can be super additive

* Dinset patients had a contemporaneowus diagnesis of the malignancy and the
COVIE-%, regardless of malignancy reatreent initiation, Stable disease patlents
include patients at watch and wait
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Table 2 Summary of received treatments for Hematological
Maligrancies at the onset of COVMD-19

n %

Last/ongoing fredfmeni steatagy before COWE-19

Irmmunachermathiragoy 857 25
Targeted thenapy” 607 160
Comventioral chermatherapy 597 157
Py tredtrmen 538 14.1
Palliatvesupportve measures 226 G0
Immunomodulatars 218 57
Allogeneic HECT 173 46
Anagrelide/Hydroxyurea 145 R}
Hypomethylating agents 141 Er
Immunotheragy anly 125 33
Autologous HRCT 74 1.8
Unkrown 41 11
Oither 28 47
CAR-T 2 b
Radiotherapy n [nk}
Sumimary of recenaed trearmem?

Chemotherapny ERf] 830
i thelast month 1979 LFR
in the 1asr 3 months 523 138
Treatment ended = 3 months a3l 186
Mot stated 43 12
Radiotheragy 186 48
Allogenelc HSCT 265 i
Autokogaus HSCT 292 77
CART M el
Ol Strategies 150 30

Py trixatmmenit 538 143

HECT Hematopaietic stem cell transplamstion, CAR-T chimeric antigen receptor
T-cell therapies

* Bortezomdb, Ibrutinil, (dalalisib, nuxolitinks, TK] {tyrosine kinase inhlbitors), and
wenatockax

I‘ﬂuhmb\liu‘pﬂm

skin rash, were predominant in terms of clinical pres-
entation (Table 3).

COVID-19 infection was determined to be critical in
689 patients (18.1%), severe in 1736 (45.7%), mild in 658
{17.3%), and asymptomatic in 675 (17.8%) (Table 3).

Owerall, 2778 patients (73.1%) were hospitalized. The
median duration of overall hospitalization was 15 days
(IQR: 8-27, range 1-235), regardless of patient outcome,
Among the hospitalized patients, 689 (18.1%) required
hospitalization in an ICU, 449 of these (65.2%) with inva-
sive mechanical ventilation (MV) ( Table 3).

Altogether, during the observation phase, 1183 patients
(31.2%} died. The primary cause of death was COVID-19
in 6GE8 patients (58.1%), HM in 173 patients {14.6%), and
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Table 3 Clinical features of COVID-19 in our patient cohort

n %
COVID-18 infection
Asymptomatic 675 178
Mild 658 173
Severe 1736 457
Critical 689 181
Unknown 43 11
COVID-19 test sample®
BAL &0 16
SARS-CoV-2 nasopharyngeal swab 3700 973
SARS-CoV-2 serology 86 23
Reason for COVID-19 test*
Pulmonary symptoms 1454 383
Pulmonary + extrapulmonary symptoms 831 219
Extrapulmonary symptoms 742 195
Screening 727 191
Unknown 47 12
Neutrophils level ar COVID-18 diagnosis®
<05 x 10%mm’ 280 74
0501-0599 x 10%/mm* 07 57
=1 x 10%mm’* 2738 720
Lymphocytes level at COVD-19 diagnosis®
< 02 x 10%mm’ 344 EA
0201-0499 x 10%/mm’ 538 142
> 05 x 10%mm* 2367 623
Stay dunng COVID-19
Admitted to hospital 2778 731
Length of hospatal stay, median (QR) [range] 15(8-27,[1-235) -
IV 689 181
Length of ICU stay, median {ICR} [range] 11(5-20), [1-111] -
Invasive MV 449 ns
Non-invasive MV 221 58
Clinicaf cutcome of COVID- 19
Death 1185 312
Cbservation time, median (IR} [range] 89 (21-172), [0-436) -
Reason for deatir'
Not related to COVID-19 125 33
Contributable by COVD-19 155 41
Artributable to COVID-19 843 222
Attributable to HM 328 86
Death due 1o other reasons 123 32
Death due to unknown reasons 78 21
BAL Bronchoalveolar lavage, COVID- 19%coronavirus disease 19, HA h 2 | maligr JCU intensive care unit, MV mechanical ventilation, SARS-CoV-2 severe
acute respiratory synds irus 2
* Data can be super additive
* Data not available in all patients

a combination of both COVID-19 and progressing HM Patients over the age of 70 years had the highest mor-
in 155 patients (13.1%). In the remaining cases the cause  tality (661/1475, 44.8%). Considering the different HM,
was unknown or due to other reasons. the higher number of fatalities was observed in AML

(199/497, 40%) and in myelodysplastic syndromes (MDS)
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Table 4 Cverall mortality rate by disease and treatment received
bﬁmlrmmuﬁw -
Survived n (%} Died o (%)

Baselire hernatologicnl maligrancies

aeote lymphoid leokemia 125 (74) 44 (35)

Chronee lymphaid beukemia 200717 134 (283)
Acute mveloid leukemia 208 (500 199 (40)

Chrons myaloid leukemia 144 (895} 17 (105)
Whyelodysplastic syndrome 168 (57,7 118 142.3)
Lerw-intermediate risk 77 (55.8) G144
High rizk 26 (54.2% 221458)
[at stated SB(E24) 35137
Hairy cell leukemnia 15 (65.2% 8i348)
Hodgkin ymphoma 120889} 1500110
Mon-Hodgkin lymphoma R - 345318
Indalent 34713 143 (287)
Agaressive 33T 853 179(34.7)
Mat stated A8 167 6 2303k
Essenial thrombocythemia ST (B2A) 12(174)
Myalofibrosis TSR 45 (369
Polycythemia vera SR s 14 {200

SySTEMIC MastoryTosis SiELd) 10188
Rulnple Myeloma A58 6] 26133

Arideidesis 7875 1{125)
Apdastic anemia 14 LA 63

Lastdangaing fraarment steategy hefoee COKID- 9

Anagrelide/Hydrooures iU GYFE R 4205
Conventional chemothelapy A23 (703 1744281}
Hypometlidating sgents 58412} B3 {5B8)
Imsunatheragy only DT 36 {ZB8)
Imimunachamatheragny 595 (69.4) 262 (30.6)
Immiunamodulyion 139 (63.8) 79362
Targeted theapy” A53 (746} 154 (25.4)
Allogeneic HICT 130 (752} 43 124.8)
Autologous HECT 4070 200F7

CART 10 (5245 10 (476
Radictherapy a5 1l

Palliative/supportve measures 1 22056) 104 i445)

Orthiar 17 (&3 7} 11{383)
Urknonwn 28 (a3 12317
Mo treatment 382710 156 (28]

HECT Hernatapaoletic stem call transplantation; CAR-T chimeric antigen receptos
T-call therapies

* Bortezamib, ibrutinib, idelalisih, rusalitinib, TE] (tyrasine kinase irhibitors) and
venetaclas

{118/279, 42.3%) (Table 4). Mortality in AML/MDS was
significantly higher when compared to mortality in other
HM (p<0.0001) (Fig. 2).

Regarding last underlying treatments for HM before
COVID-19, the highest mortality rate was observed among
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patients receiving demethylating agents (837141, 58.9%
[95% confidence interval [CI} 50.6-66.7]) and in pallia-
Live treatment settings (104/226, 46% [95%CI 39.4-52.5]).
Despite the small number of patients undergoing CAR-T
reinfusion, mortality rate in these patients was high (47.6%
[95% CI 28.3-67.6]; 10/21 patients). Patients undergoing
auto-HSCT or allo-HSCT had mortality rates of 27% ([95%
Cl 18.2-38.1] 20/74 cases) and 24.8% ([95% CI 19.0-31.8]
43/173 cases), respectively {Table 4). The mortality rate of
patients who receéived a transplant as most recent therapy
was significantly lower when compared to non-transplant
patients (p<0.027} (Fig. 3).

Patients with critical COVID-19 (p3.6% [95% Cl
59.9-67.1, 438/689]) died in a higher proportion
than those with severe (30.3% [95% Cl 28.2-32.5,
526(1736]), p<0.0001 or mild infection (16.7% [95%
CI 14.1-19.8, 110/658]), p < 0.0001. The mortality rate
observed in patients with severe infection 30.3% {[95%
CI 28.2-32.5] 526/1736), was significantly higher than
reported in patients with mild COVID-19 (16.7% [95%
CT 14.1-19.8] 110/658), p<0.0001). The mortality in
mildly symptomatic patients was not vastly different
from that observed in initially asymptomatic patients:
15.4% ([95% CI 12.9-18.3] 104/675) p=0.516 (Fig. 4,
Additional file 3: Table 3). Clinical presentation with
pulmonary symptoms was associated with a signifi-
cantly higher mortality rate versus presentation with
extrapulmonary  symptomatology alone {mortality
rate 876/2285, 38.3% [95% Cl 36.4-40.4] vs. 163/742,
22.0% [95% C119,1-25.1], p <0.0001),

A higher mortality rate was reported for patients
admitted to ICLF (438/68%, 63.5% [95% CI 59.9-67.1]),
compared to nen-ICLU patients (747/3112, 24% [95%
C1 22.5-255]) p<0.0001. Furthermore, among the
ICU patients, a significantly higher mortality rate
was observed in patients with invasive MV versus
those without (322/449, 71.7% [95% CI 67.4-75.7] vs.
116/240, 43.3% [95% CI 42.1-54.6] p < 0.0001).

Considering the two waves of COVID-19 (1% wave
March-May 2020, 2nd wave October-December 2020),
there was a significant decrease in the mortality rate in
the second wave (581/1427, 40.7% [95% CI 38.2-43.3] vs.
4391773, 24.8% [95% CI 22.8-26.8] p<0.0001) (Fig. 5).
The reduction of mortality was consistent across different
HM diagnoses (Fig. o).

In the univariable Cox regression analysis, multiple fac-
tors negatively influenced mortality ( Table 5). Conversely,
having a neutrophil count greater than 0.5 x 10"/mm?
or a lymphocyte count greater than 0.2 x 10%/mm® were
found to be protective.

In the multivariable analysis the following parame-
ters were sipnificantly associated with higher mortality:
age increase, active disease, chronic cardiopathy, liver
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Fig. 2 Owerall survival by the underbying disease

AML: acute myelald leukemia; MIDS: myelodyspiastic syndroma; NHL: non-Hodgkin lymehoma; MING multiple myeloma

disease, renal impairment, smoking history, and ICU
stay. Among HM, AML is the malignancy associated with
a significantly high mortality {Table 5).

Discussion

The incidence of COVID-19 infection in HM ranges
between 1 and 3.9% [23]. Mostly, patients get infected
in the community, although in 1.1% to 15% of infections
nosocomial transmissions are reported [24). A clear cor-
relation between the type of HM and the incidence of
COVID-19 infection has not been described in the litera-
ture, but current data indicate that lymphoproliferative
disorders, in particular NHL, chronic lymphocytic leuke-
mia, and MM are particularly associated with higher risk
from COVID-19.

Here we presented a large survey on COVID-19 among
HM patients, with almost 4000 patients reported from
132 hematology institutions mainly located in Europe. In
addition, this survey has collected COVID-19 cases from
March to December 2020, allowing us to analyze not only
which patients were at risk, but also how the infectious
process has evolved over time. Our data confirm that a
larger number of COVID-19 cases was diagnosed among

patients with lymphoproliferative disorders, in particu-
lar NHL and MM, as previously documented [9, 10
However, we also observed a high number of COVID-19
among patients with AML {12.5%), which is considered a
rare malignancy. As for comorbidities, our patient popu-
lation reflects the overall population, with cardiovascular
diseases being the most frequent comorbidity reported
[16], Most of the patients recorded in our survey had a
severe/critical clinical presentation of COVID-19 {about
o), over two-thirds were hospitalized and about 18%
required ICU admission. These data are not surprising
and emphasize the frailty of HM patients, and are slightly
higher compared with those reported in the literature,
ranging between 15.5 to 52.4% and 6.9 Lo 14% for severe
and critical clinical presentation, respectively [3-17].
The overall and the atributable mortality rates
observed in our study (31.2% and 22.2%, respectively) are
within the range of those reported in the literature among
HM (published reports are summarized in Additional
file 4 Table 4), confirming that COVID-19 mortality is
significantly higher in HM patients than in the overall
papulation, where current data show a mortality rate
ranging between 0.1 and 4% across the different coun-
tries around the world (www.coronavirus. jhu.edu/data/
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maortality). Moreover, as expected, the overall mortality
rate has been age-dependent, with higher mortality rates
abserved among patients aged over 70 years. In line with
other studies [7, 14, 16], our data have shown that AML
and MDS patients, especially those with high-risk MDS,
have the worst clinical outcome and the highest mortal-
ity rate {up to 45%). In fact, AML was the only that was
independently associated with mortality in our multivari-
able model. A recently published study focusing only on
AML patients reported an overall mortality very similar
to that described in our study [25]. There are several pos-
sible explanations of this phenomenon. First, patients
with AML/MDS are often aged over than 65 years old.
Second, they present a profound immunodeficiency as
a consequence of both disease and treatments received.
Third, they are patients in which a treatment delay is
often not possible due to the urgent need of starting an
active therapy. This last aspect is quite relevant, espe-
cially if we consider that a lower mortality in patients
who delayed AML treatment was described compared to
those with and without treatment modification [25]. In
high-risk MDS patients, treatment with demethylating
agents was associated with a particularly high mortal-
ity rate. Our study highlights the role of these agents as

200 00 400 500
Days from COVID-19 diagnosis

44 25 0 0

594 278 9 1}

154 T0 o Q

Hematoposetic stem-cell fransplantion

being potentially associated with high mortality in AML/
MDS patients with COVID-19. Our data also showed
that patients undergoing HSCT (either autologous or
allogeneic) presented a significantly lower mortality
rate following COVID-19, compared to non-transplant
patients. We report an overall mortality rate of 24.8% and
27% in allo-HSCT and auto-HSCT, respectively, almost
identical to that very recently described in the study of
the European Society for Blood and Marrow Transplan-
tation [12]. This observation is coherent with previous
published data, suggesting a significantly lower mor-
tality rate among transplanted patients compared with
non-transplanted HM patients [15]. Patients who receive
HSCT, especially an allogeneic one, are by definition
younger and healthier than the overall enco-hematolog-
ical patients. In fact, we observed that most of condi-
tions associated with higher overall mortality (i.e. older
age, comorbidities, uncontrolled disease) were over-
represented in the non-transplant cohort. These aspects
may explain in part the lower mortality we observed in
transplanted patients. Interestingly, patients undergoing
CAR-T infusion have shown a worse clinical outcome in
our survey, with 10 deaths among 21 COVID-19 patients
registered in the database. Other significant predictors
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of mortality in the multivariable analysis included active
disease, chronie cardiopathy, liver disease, renal impair-
menl, smoking history, and [CU stay.

Moreover, we found a significantly lower mortality
in COVID-19 HM patients in the second wave as com-
pared to the first wave of COVID 19, Improved clinical
outcome has been documented for many different dis-
eases, including those with the highest mortality rates.
This improvement in the second wave of COVID-19
is of interest, and could be the result of several factors,
including a better knowledge of the clinical course of
the disease, more effective protective procedure for HM
patients, a detection of a larger number of asymplomatic/
mild cases by sereening swabs andfor an improvement
of specific treatments against COVID-19, for example
remdesivie, monoclonal antibodies, convalescent plasma.
Coherently with our hypothesis, in the second wave, we
found a significantly higher rate of asymptomatic and
mild infections and a significantly lower rate of severe
infections. However, even though we did not observe
significant differences in HM distribution, in the second
wave we found mare patients with controlled disease
compared to the first one.

We strongly believe that cur fndings will impact the
management of HM patients also in the near future.
Even if we are witnessing a huge worldwide vaccination
prograim, preliminary data published so far suggest that
anti-SARS-CoV-2 vaccines shows significantly less robust
efficacy in eliciting an immune response in HM patients
than observed in the general population [26, 27]. Moreo-
ver, we are assisting to the wide diffusion of variants of
concerns under the vaccine selective pressure. Indeed, sev-
eral cases of breakthrough infections have been reported
in the general population, with a significant mortality rate
[28, 25]. We expect that, in the immediate future, we will
assist to several cases of SARS-CoV-2 infections in [ully
vaccinated HM patients. From this point of view, the better
understanding of epidemiologie features and risk factors
for COVID-19 in HM patients, might surely help hema-
tologists in the management of their patients and even in
modifying the chemotherapeuatic programs where possi-
ble. HM patients still deserve special attention and protec-
tive measures should continue.

Our large registry study comes with some limita-
tions, First, at the time the study was designed, the
role of thromboembolic phenomena of COVID-19
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Table 5 Overall mortality predictors in COVID-19 HM patients

Univariable Multivariable

pvalue HR 95%Cl pvalue HR 95%Cl
Sex
Female - - - - - -
Male 0.059 (RIE] 0095-1.258 0376 1065 0827-1223
Age <0.0001 1036 1031-1.041 <0.0001 1032 1.026-1039
talgnancy status
Controlied disease - - - - - -
Actve disease <0.0001 2107 1863-2383 <0.0001 1860 1615-2.141
Unknown <0.0001 2293 1607-3274 <0.0001 2353 1538-3601
Hematological malignancy
Hodgkin mphoma - - - - - -
Cheonic lymphoid leukemia <0.0001 2789 1635-4.757 0763 1.093 0614-1947
Acute myeloid leukemia <0.0001 4364 2581-7.376 0.0 2046 1.176-3557
Cheonic myeloid leukemia 0915 0963 0481-1928 0066 0513 0239-10%9
Acute lymphaoblastic leukemia 0.002 25% 1405-4553 0250 1457 0767-2.768
Non-Hodgkin lymphoma <0.0001 il 1814-5.100 0569 un 068-2015
Aplxstic anemia 0.040 2695 1045-6948 0179 2022 0.724-5645
Essential thrombaocythemia 0234 1585 0742-3387 0332 0667 0.295-1511
Multiple myeloma <0.0001 3358 1969-5658 0630 1145 0661-1984
Myelodysplistic syndrome <0.0001 4627 2704-7919 0072 1706 0953-3056
Myelofibrosis <0.0001 3786 2110-6791 0185 1540 0813-2915
Polycythemia vera 0059 2006 0973-4.176 0985 0592 0456-2.158
Amyloidoss 0893 1150 0152-8705 0832
Hairy cell leukemia 0.019 293% 1.197-7.202 0301 1.806 0589-5533
Systemic mastocytoss 0715 1457 0192-11031 0968 0959 0126-7323
COVD-19infection
Asymptomatic - - - - - -
Wid infection 0545 1087 0830-1422 0653 1074 0.786-1467
Severe infection <0.0001 2127 1.722-2628 <0.0001 1682 1312-2157
Critical infection <0.0001 5333 4300-6613 <0.0001 4230 32%4-5432
Unknown 0623 1229 0540-2.800 0928 - -
Cheonic cardiopathy <0.0001 201 1.792-2.257 <0.0001 1.406 1218-1624
Liver disease 0.008 1394 1.091-1.781 0.020 1388 1052-1831
Chronic pulmonary decase <0.0001 1516 1.320-1.740 0926 1.008 085-1195
Diabetes mellitus «<0.0001 1352 1.172-1560 0439 1070 0901-1272
Ooesity 07% 0974 0796-1.191 - - -
Renal mpairment «<0.0001 1833 1589-2232 <0.0001 1404 1.143-1724
Smioking history 0.013 1224 1043-1436 0,031 1223 1019-1469
Neutrophils, cels/mem’
<05 x 10%mm’ - - - - - -
0501-0999 x 10%mm’ <0.0001 0594 0450-0785 0272 0845 0626-1.141
> 1 x 10%/mm’ <0.0001 as14 0431-0614 0184 0gs2 0693-1073
(ymphooytes, cel/mm’
<02 x 10%mm’ - - - - - -
02010499 x 10%mm’ 0.004 0746 0611-0912 oo 079 0629-0963
=05 x 10%mm’ <0.0001 0499 0422-05% <0.0001 0em 0499-0.722
Last chemotherapy
>3 months before COVID-19 - - - - - -
Inthe last 3 months <0.0001 1531 1226-1912 0081 1236 0574-1568
In the last menth <0.0001 1688 1408-2024 0657 1047 0854-1284
Unknown 0103 1578 0911-2734 0598 0999 0537-186

HR Hazard ratio, Cf confidence intervals
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infectionn was  still unknown and therefore not
included in the survey. Second, we have deliberately
excluded the data relating Lo the various COVID-19
therapeutic approaches because they are extremely
heterogeneous and treatment recommendations
change rapidly. Third, due to our registry design
we have not been able to calculate the incidence of
COVID-19 in the various subclasses of HM. Last, due
to the intrinsic limitations of the study, it is not pos-
sible to provide cumulative incidences regarding rele-
vant aspects, such as mortality, as there is no certainty
about whether all participating sites documented all
eligible cases.

These data need to be carelully interpreted consid-
ering the incidence of individual HM in the general
population and the patient performance status, which
affects their social dimension and lifestyle in the
community,

Conclusion

This study sheds light on the epidemiclogy, risk fac-
tars and outcomes of COVID-19 among patients with
HM. While the introduction of COVID-19 vaccina-
tions will lead to a marked reduction of infections
in HM patients, the possibility of a lower efficacy of
vaccinations needs to be taken into account [30], pos-
sibly resembling previous experiences with influenza
vaccination. Future studies are needed to evaluate
whether the use of vaccination will be able to prevent
the development and above all mortality in the identi-
fied risk categories of HM.
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directions from the EPICOVIDEHA survey by EHA-IDWP

Alassandro Busca,' = lon SElmanlon-GE.rm'a,m" Paaoln Cnrmdini,‘ Frarncesco Mart:hesi,E Alba Cabirta®" Roberta Di Blasi,®
Remy D‘ular:.l,‘:I Sylvain Lamure,"® Francesca Fanna,'' Barbora Weinhﬂlgerm'é,” Josmp Batinic,'® " Anna Mordlander,'®

Alberto Lopez-Garcia,'” Lubos Drgona,'® lldefonso Espigado-Tocine,'” Iker Faloes-Romero,”™® Raman Garcia-Sanz,”'

Carolina G.Elrl:.l’a—'u’idal,” Anna Guit:lle‘l'!L,QEII Minz !‘G‘launrmzl,:H Bustin KuLaseiuam:Elj,zg Johan MEI.GI'IEIHEI,?B Martin Huanigl,”'m

Mikeolan Kiimku,w Philipp KDBHEF,Z'S Anfonio Pagﬁuc:a,m Francesco Pasaamonti,“ Oliver A, Cﬂms|j,= #5534 and Livio F'agannss'se'

'Stem Cak Tranaplant Center, Anends Ospadaliera Universtaria Gitta dalla Salule & delle Scierza, Tunn, aty, *Deganment | of Intemal Medicns, Excebence Ceantes for Medical
Mycology [ECMM), Facifty of Madicine and University Hospital Colegne, Calogne, Gemany; s‘Cl’.\]t'naru'} Exoellenon Clusier on Celldar Stross Respanses in Aging-Associated
Diseases, Urivarsity Hospaal Gologne, Cologne, Germany; “Usversty of Mian and Fondazions IRCCS, lefitute Mazionale dei Tumarl, Milar, llaty; "Hematology and Stem Ceal
Transglant Unit, IRCGCS Regina Elna Mational Cancer Instiuie, Remae, ltaly; *Department of Hematolegy, Vall d'Heboon Haspital Universiar, Vall dHebron latitute of Oncalogy
(YHID), Vall d'Hebror Barcalona Hospilal Campus, Barcelona, Spain; "Oepartament de Medicing, Unvarsitat Autbnama de Barcetana, Babatarsa, Spain; "Hapital Saint Louis,
Azsistance Pubiqua—Hopitaus da Paris (AP-HP), Panis, France; "Servica d'Héamatalogie Gliniqua st da Tharapie Calulaire, Hopaal Sant Antaing, AP-HP, Unite Mivte da
Recherche (UMR) 938, Sorbonne Universite, Pars, France; ""Department of Clinlcal Hamatclogy, Montpellier Universily Hospial, K30 UMR1535 CNRS, Unkversity ol
Montpallier, Monpefier, France: " IRCCS Ospedale San Raffaele, Milan, tely; "*Dopadment of Infemal Medicine-Hematalogy and Oncology, Masaryk University Hospital Brg,
B, Cesch Republic; "University Hospital Centre Zagreb, Zagreb, Croatia; ' *Croatian Caoperstive Group lor Hematologicsl Diseases (CROHEM), Zagret, Croatia; "“Facuty
of Madicing, Uniwarsity of Zagreb, Zagreb, Croatia; "*Dapartmant of infactious Diseases, Karslinska Univaraity Hospital, Stockholm, Swaden: Rundacion Jimenar-Diaz, Madrd,
Spain; ""Comenius University and Natienal Cancar (retitute, Bratislss, Shvka; "Haospital Unnesitana Virgen del Rocio, Seville, Span; *"La Paz Unversity Hoepital, Masdnd,
Spain; “"Hospited Universitario da Seamancs, Salamanca, Spain: ““Hospital Cliric, Barcelona, Spain; *Division of Hamatology and Bane Marow Transplantatian, Fondazions
IRCCS lsttuto Masonake dei Tumon, Unbeersity of Milano, Bian, Raly; Mwasion of Infechows Dissases and Hospidal Epedemealogy. Depariment of Clhinical Research, Unmersily
and Univessty Hospital of Basel, Baged, Switzedand; “*Hing's Cobege Hospital, Londan, Undted Kingdom; “Kathali ke Universteit Lauven, Lawven. Balgium; *Dadzion of
Infectious Dissases and Global Public Health, Departiment of Medicine, University of Califomia San Diego, San Diega, CA; *"Clirical and Translational Fungal Warking Group.
Unwerzay of Californis San Diago, La Jalla, Ga; Diyiaion of Infactious Diseanes, Department of Inamat Medicne, Medical Uniweraity of Graz. Graz, Austna; **Department of
Clirscal Mycolagy, Sbergy and Immunalogy, Moeth Waestern Stale Modical University, 52 Patersburg, Russia; ' Depariment of Hematciagical Medizine, Kings Collegs Hospaal,
Mationgl Healih Servics Fourdation Trust, Landen, Unied Kingdem; *Departrant of Medicne and Surgery, Univeraity of nzubria and Aziends Socio Sanitaria Teritoriale Sette
Laghi, Ospadule di Circalo of Varese, Varesa, Baly; Unreersity of Calegre. Facully of Medicne and Universty Hasgital Calogne, Clnical Trials Centrs Cologne, Colgne,
Giermany; **Geaman Cenbra for Infection Research, Pasinar Site Bonn-Cologne, Cologne, Germany, **Hematology, IRGCS Fondazione Policlinico Univessitario Agosting
Gemaki, Rame, ely; and ““Hematalegy, Universita Cattalica el Sacre Cucrs, Roma, Italy
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Introduction

Since it was first reported i China, coronavirus disease 2019 (COVID-19) has spread rapidly arcund

developed an
ohservational registry
collecting data on
COVID-18 infection in
patients who received
CAR T-cell therapy.

* Prevalence of COMD-18
was 4.8%, and overall
mortaity was 50%,
highlightng the need for
prevention of infection in
these patents.

the world, and the number of cases has increased E:lq:\:)marl.lilaJl:’l_1 Instial reports sugnested that patents
with cancer have an estmated twofold increasad risk of contracting severe acute respiratory syndrome
coronavius 2 (SARS-CoV-2) compared with the general population.” More importantly, it is expected
that COMID-19 will be particutarly fe threatening n patients with hematological mabgnancies because of
their immune dysfunction, Recent studies have reported an overall COVID-19-related mortality of 29%
10 4297 in patients with hematological disease, depending on the type of malignancy, in contrast to
the 2% 1o 7% observed in the general population. Regrattably, there remains a lack of studies about
COVID-19 in patients receiving cellular therapies, including chimeric antigen receptor (CAR} T calls®1°
CAR T cells are genatically modified autologous T calls, which have shown great promise in the treat-
ment of advanced malignant hematolegical disorders, mcluding non-Hodgkin lymphoma, acute lympho-
blastic lzukemia, and multiple myeloma.'’ CAR T-cefl recipients have significant B-oell aplasia requiing
immunoglobuln G replacement therapy and may also develop delayed cytopenias, leaving them unable
o mount ary humaral response to vikal irfections,’® Shah et al'® demaonstrated that the seroconversion
rate in a small cohort of patients treated with hemopoietic stem cell transplantation (HSCT) and CAR
T-cefl therapy did notl exceed 68%,

Submitted 26 June 2031; sccepied 24 Oclober 3021; prepublished orfine on Blood
Advances Fral Editlon 8 November 2021, final version publshed onlne 11 Apnl 2022,
DO 191 1B2/bladadvances 2021 00561 6.

"AB. and 156G, coninbuted squally fo this study,

Raquests for data sharng may be submitted to Alessandrg Busca
labusca@ciltadefasalule 1a.l).

3022 by Tha fmenican Sociaty of Hematology. Licensed undar Crastve Gommons
Afiribution-NonCommercial-NoDerdvatwes 4.0 mernahona (S0 BY-NCND 4.0), per
mitting anly noncommescial, nondesivalive use with atiribution. Al osher ights resened.
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According fo these observations, the outcomes of COVID1S m
patients treated with GAR T cells remain unclear. The aim of this
study was to describe the clinical outcomes of patients developing
COVID-19 after treatment with CAR T cells.

Methods

Im this retrospective observational multicenter study, we collected
data on all consecutive adult patients who received CAR T-cell ther-
apy with symptomatic COVID-19 between January 2020 and Febru-
ary 2021 across 18 Ewopean centers {Spain, n = 8; France, n = 3;
ltaly, n = 2; and Belgium, Croatia, Czechia, Slovakia, Swaden, Swit-
zerand, and the United Kingdom, n = 1 each} participating in the sur-
vey promoted by the Euvropean Hematology Association (EHA)
Scientific Working Group on Infection in Hematology (ERPICOVI-
DEHA survey),' developed by the EHA Infectious Diseases Working
Parly (IDWP). Confirmed cases of COVID-19 were defined by posi-
tive reverse Iranscription polymerase chain reaction assays of speci-
mens collected on nasopharyngeal swabs, Each institubonal review
board independently approved the study, The study was conduct in
accordance with the Declaration of Helsinki. Researchers at each
center collected data using an online questionnaire hosted at ww,
clinicalsurveys.net. The EFICOVIDEHA tnal was regestered at www,
clinicaltrials.gov as #NCT04733729. Only deidentified data have
been entered and analyzed. We obtained demographic data, comor-
bidities, and underlying hematological diseass, including clinically sig-
nificant outcomes (hospital and intensive care unit [ICU] admission
and vital status) and management stralegies of COVID-19. The
severity of COVID-19 at admission was graded according to the
China Centers for Disease Control and Prevention definitions: mild
{nonpneumonia and mild pneumania), severe (dyspnea, respiratory
frequancy =30 breaths per minute, oxpgen saturation =830%, or ratio
of arterial mxygen partial pressure/fractonal inspired oxygen of 5044),
and critical (respiratory failure, septic shock, or multiple organ dys-
function or failure).

SPSS v25.0 was employed for statistical analyses (IBM Corp., Chi-
cago, IL). Categancal variables are presented using frequency and
percentage, and continuous varables are shown by median, inter-
guartde range (IOR), and absolute range. Additionally, overall mertal-
ity was evaluated by employing a Cox proportional hazards model,
Univaniable Cox regression mode! was performed with vanables sus-
pected to play a mle in the morality of patients with COVID-18
recaving CAR T-cell therapy, Varables with a P value =.1 were
considerad for muliivariable analysis, Multivariable Cox regression
model was calculated with the Wald backward method, and only
statistically significant varables were reported. A P value =.05 was
considerad statistically significant.

Results and discussion

Overall, 459 patents received GAR T-cell therapy, of whom 30 met
the cntena for diagnosiz of COVID-18. Median age at COVID-18
diagnosis was 67 years (IOR, 51-64; range, 18-74); 13 patients
{43,3%) were female, and 17 patients (56.7%) were male. Demo-
graphic and clinical characterstics of CAR T-cell recipients with
COVID18 are summarzed in Table 1. Patents receved CAR T
cellz for the treatment of large B-cell lymphoma (n = 28), multiple
mysloma {n = 1), and acute lymphoblastic leukemia (n = 1), A
majority of patients recaived CAR-T therapy in 2020 (n = 17}, 3 in
2018, 9in 2019, and 1 in 2021, CAR T cells were lisagenlecleucel

2428 BUSCA et al

{Kymnah) 0 16 cases and axicablagene (Yescarta) in 13 cases,
and 1 patient with multiple myeloma was treated with CAR T cells
targeting B-cell maturation antigen. A majority of patients received
bridging therapy {n = 21 of 30) and fludarabine plus cyclophospha-
mide as lymphodepletion condtionng in = 29 of 30), Severa
lgrade =3) CRS after recaiving CAR T cells was chserved in 1
patient only. No patient receved COVID-19 vaccine. Sevarteen
patients (56.7%) developed COWVID-19 within & months from CAR
T-cell infusion, and 13 patents (43.3%) developed it after 8 months,
Prevalence of COVID-12 in our patents was 4.8%, based on the
total number of CAR T-cell recipients reparted by participating cen-
ters in 2020 {n = 17 of 3563).

Median time from CAR T-cell treatment to COVID-19 dagnosis was
169 days (IOR, 37-313; range, 1-6835). Callular and humaoral
immune reconstitution after CAR T cells showed that 90 days after
infusion, median absolute neutrophil count and absolute lymphocyte
count (ALC) were 1700/mm® (IQR, 1090-2700; range, 300-
11260) and 435/mm” (QR, 200-775; range, 80-3500), respec-
tively, whereas at the time of COVID-19 diagnesis, median absclute
nautrophil count and ALG were a28/mm? (IOR, 495-2480; range,
18-11510) and 370/mm® (JOR, 200-1250; range, B-1750), respec-
tively. Overall, 10%% (n = 3), 20% [0 = &), and 66.7% (n = 20] of
patents had asymptomatic, mild, or severs COVID-19, respectively,
Comarbidities preceding diagnosis of GOWVID-18 were detected in
19 patients [76.7%), including chronic cardiopathy (n = 8; 23.3%),
chronic pulmonary diseases {n = 7; 28.3%), smoking history
n = & 20.0%), and obesty (n = 5; 16.7%). In total, 13 patents
143,3%) required admission to ICU after COVID-18, and 8 of them
(66, 79) required mechanical ventilation.

Patients received treatment for COVID-18 according to local policy;
15 patients were treated with convalescent plasma alone (n = 3) or
convalescent plasma combined with remdesivir with or without
steroids (n = B), remdeswir with lopinawrmonavir and sferoids
In = 1), and tocilizumab and steroids (n = 3); 5 patients were
treated with steroids alane (n = 4) or stercids combined with remde-
sivir and tocilizumals (n = 1); 1 patient was treated with azithromycin;
and 1 patient was treated with remdesiir alone. In total, 5 patients
did not require any specific freatment; iIn 2 cases, this was because
of poor general condition, and in 3 cases, treatment was unknown,

Median follow-up was 71 days (IOR, 44-142; ange, 21-379] after
CAR T-cell infusion, and at the last follow-up, 15 patients (50.0%)
were aive and 15 patients (50.0%) had died. Ten patients (33%)
died as a result of COVID-19 infection (associated with pulmonary
embolism plus heart fadure in 1 case and possible fungal infiection
in 1 case), and 5 patients died as a result of recurrent underying
disease (associated with COVID-19 infection in 3 patents). Seven
{62.6%) of the 11 patients with relapsedirefractory dissase and 7
(41.1%) of the 17 patients with complate remission/stable disease
died as a result of COVID-19, In 2 patients, baseline malignancy
status was unknown; 1 patient deed, and 1 survived.

Severe {grade =3) CRS after CAR T calls was observed in 1
patient only, and in total, 8 (53.3%) of 15 patients who developed
GRS after CAR T-cell infusion required treatment with tocilizumab
with or without steroids, Mone of the parameters analyzed in the uni-
vanable analysis had a significant impact on patient outcomes. Only
diseasa status at the time of COVID-18 was marginally significant
for adverse outcome (P = 075), adjusted by sex (male vs female;
P = .0082; Table 2),
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Table 2. Univariable and multivariable analyses of factors assoclated with mortality of patients with COVID-19 recelving CAR T cells

Time between CAR T-cell therapy and COVID-1%, mo

Al patients =8 -8
Univariable Muttivariable Univariable Unkvariable
HR 5% CI P HR a6 C1 P HR 88 C1 P HR as% C1 P
Sa%
Femals = - — = - 3 — - =) - = =
L5 CREBY 0B39-B4T4 053 2742 DO4E-E8ET 092 4887 089140604 141 1528 04178008 Al
Age, y
< = = =
=50 5198 067338855 415 - =3 -  LB08 022294742 BED 42159 O0.088-26050.638 254
Comorbidities, n
Mana = — — = = = — = ) = = =
L 3098 0TTA3E A1 - = = RO093 CDIVRAZAEE . 111 3438 048224537 a8
z 3021 0488-18338 219 - - = 3021 D49B-18328 239 2055 018522871 A58
=3 1880 0413-8563 414 2~ = — 1880 04138582 414 6111 0.EDO-45.528 £477
Malignancy status at COVID-19 diagnosis
Controbad tisaase = - - - - - - - - - = -
Ay hi chagaas 2707 a.831-7.870 DET Z.EHZ DAOT-TYS4 O 2707 ODA3V-FETQ S 1121 01333445 ale
Uniksrow 1578 09B8-13.23 674 1099 01ZFR13Z B - - a7 - - -
CAR T-cell constrict
Ausi-oal = = = = = = = = = = = =
i ol DBB8 03312488 B - - = 047 D0AF24ad 382 1842 0feedA1dd &3
Crher - - BBE - - = - - 81 - - -
T slay 1526 05544228 413 - = - 08a7 02M1-3.719 BT0 3531 0.643-17.247 152
Tociizumabystemids siter CAR T colls 1437 OGEX-2072 dBE - = =
Time from CAR T cells to COVID-13, mo
=g -
] nAagE O0.359-1L7TD  BEE = = =
Heutraphils at COVID-19 diagnosis, n per mm*
=600 = = = = = = = = = = = =
=800 o#11 GaB1-2E 488 - - - b1 01&7-34%2 T4 - - -
Lymphocytes at COVID-18 diagnosis, n per mm”
=300 =. = = = = = = = - = = -
pili] 0551 Oviga-18d46 334 - = - 0568 01332419 444 0F72 00898511 87

Aun-cal, ancabitagers cloeucel, T, confidence intaral; HR, hazrd ralio] bsa-cel, Bsagenleceucsl

In the present multicenter intemafional study, we sought to evaluate
COVID-19 outcomes in a cohort of 459 consecutive patients who
recaived CAR T-cell therapy. Several studies have addressed clini-
cal courses and outcomes of COVID-19 in patients with hematolog-
ical disease as well as the presence of nsk factors for more
aggressive life-threatening disease.*™"*"'® Patients with hematologi-
cal malignancies may be considered more vulnerable than the gen-
el population; howewer, the exact prevalence of SARS-Colf-2
infection in this setting is still unclear. We documented a 4.8% prev-
alenca of COVID-19 in our study group, remarkably higher than the
0.1% reported i the general population, and medsn onsst of
COMID-19 was 169 days after CAR T-cell therapy. Several factors
could explain the high rate of COVID-19 in patients recening GAR
T cels. Qur study mcleded a homogeneous group of heavily

2430 BUSCA el al

pretreated patients with large B-cell lymphoma who received af least
2 lines of treatment before CAR T-cell and lymphodepletion thara-
pies. Delayed cytopenas and impaired mmune reconstitution, lead-
ing 1o a significant nsk of infectious complications, have been well
documented after CAR T-cell therapy.'® Cansistent with findings
seen in pnor studies, we observed a low lymphocyte count 80 days
after CAR T cels (median ALC, 435/mm”) and al the lime of
COVID-19 diagnosis imedian ALC, 370/mm?; 23% of patients had
<200 lymphocytes per mm), although the presence of both neu-
tropenia and lymphocytopenia at COVID-19 diagnosis was not sta-
tistically significant i univariable analysis. In additon, it should be
emphasized that the presence of relapsed/refractory disease in ona-
third of patents at the time of GOVID-19 showd be taken into
account as a potential confounding factor. Regrettably, we were
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unable to investigate in detaill humoral or cellular Immune reconatitu-
tion ar whether worseming of lymphopenia durng infection had an
impact on survval. Motably, owr results showed that haff of the
patients developad COVID-18 after the first 8 months post-CAR
T-call therapy, underscoring that prolonged delayed mmune recow-
ery may persist for a long period of time after cellular therapy,”” Cur-
rently, there are few clinical trials evaluating the potential mole of
COVID19 treatment in patients with cancer'®; observational stud-
ies are also extremely imited. In our study, patients recenved a wide
array of freatments, making difficult to draw any firm conclusions,
Based on the presence of impared humoral and cellular immune
reconstitution after CAR T-cell therapy in a consistent number of
patients, suboptimal responses to current treatments used in
patienits with COVID-19 are expected, athough specific studies are
urgiently required to address this issue.

Mortality rates in patents receming cellular therapy have been
reported in few studies, Altuntas et al” evaluated 32 recipients of
autologous and allogeneic grafts and found & 33% case fatality rate
among patients still receiving immunosuppressive agents at the time
of COVID-19 dagnosis. Smilar results have been reported by the
European Society for Blood and Marrow Transplantaton group, with
a mortality rate reaching 25%; oider age, need for ICU admissian,
and moderatefhigh immunodeficency index increased the sk for
martality.”® The Center for Intermational Blood and Matrow Trans-
plant Research reported the results of 318 patients with COVID-19
who had undergone HSCT (allogeneic, n = 184; autologous,
i = 134). Overall mortality was 229t among those who underwent
allogeneic H3CT; age = 50 years, male sex, and time from HSCT
to COVID-19 diagnosis <6 months were factors significantly asso-
ciated with mortality.™ Shah et al'® evaluated 77 patients with
COVID-18 who had been treated with HSCT in = 72) and CAR
T-call therapy (n = 5); the overall death rate was 41%, roughly simi-
lar to that reported in our study, ard was largely driven by pabents
with advance disease, The B0% morality rate was remarkably high
in our patents, considering that 10 of 156 deaths resulted from
COVID-12 or COVID-18-related events. In this respect, it is worth-
while to keep m mind that two-thirds of our patients had severs
infections, and 30% of cur patients required mechanical ventiation.
In addition, advanced disease status at the tme of COVID-19 diag-
nosis should be considered a potential factor lmiting favorable out-
comas for patients, as emphasized by the univarable analyss,
Several factors might explain the higher mortality rate observed in
our study as compared with that reported in patients who had
undergone HSCT. Patients with relevant comorbidities are usually
excluded from HSCT programs, whereas comorbidities do not pre-
clude GAR T-cell treatment in these vuinerable patients, Time inter-
val from HSCT to COVID-19 has emerged as a factor associated
with mortality in many studies. ranging from 13.7 fo 18.9
maonths," <4192 significantly longer than the median time from
CAR T-cell therapy to COVID-19 reported in our series (median
time, 169 days).

Prelimnary data mn patients who have undergone HSCT show that
COVID-19 s associated with low lymphocyte counts, particulary in
T-cell compartments; however, lymphopenia does not seem to
impair mmune reconstitution n recovery from COVID-19. Regretta-
bly, we do not have data on ymphocyte subsets after GOVID-19 in
our cohort of patients, although protracted and profound lymphope-
niag after CAR T cells have been repored in several studies. n
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addition, whether differences m CAR T-cell products affect the
kinatics of immunodeficancy recovery remains to be determined.

If prospective large studes corroborate our preliminary resufts, it
seems wise to define strategies able to mitigate the adverse events
ocourmng in patients recerving CAR T cells who develop COVID-
18. Prortization of COVID-19 vacoination in patents with hemato-
logical disease s of paramount importance; however, based on
existing knowledge of the reduced mmunoegenicity in the immuno-
compromised host, CAR T-cell recipients are not expected to gener-
ate robust responses to COMIDA19 vaccines. In this respect,
additional preventve measures should be exploted. it has been
shown that cellular therapies may be safely administered throughout
the GOVID-19 pandemic when appropriate interventions are insti-
tuted, including antimicrobial stewardship programs, screening of
donors and recipients, and safe delivery of cellular products. Appeal-
ing altematives to vaccinaton are monoclonal antibodies or prophy-
laxis with oral agents (fluvoxamine and molnupiravr), although
clinical tnals in patients with hematological disease are urgently
needed,

Our study is mited by s refrospectve nature and small number of
patients. Nevertheless, our results highight 2 significant martality
rate in patients with COVID-18 who have recewed CAR T-call ther
apy. Therapeutic strategies will need o be developed to ensure that
CAR T-cell therapy can be defvered safely and successfully while
COVID-19 remains endemic. Furthermore, data on vaccinations in
this cohort are eagerly awaited to help formulate safe delivery,
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COVID-19 in vaccinated adult patients with
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Coronawrus disease 2015 {COVID-19) is a lfe-threatenng condition
of high relevance for comorbid patients, such as those with baseline
hematological maligrancies (HM).' In Agrl 2020, the European
Hematology Assoostion - Infectious Diseases Working Party
opened an open web-based regstry to collect all cases of HM adult
patients that developed COVID-1% infections [EPICOMIDEHA sur-
uey:l." This registry aimed o describe the epidemiclogy, risk factars,
and martality rates of HM patients, Overall, we collected 3801 valid
casas, and wa observed an overall mortality rate of 31%.2

Mearly 1 year after the first desoribed COVID-1% case, in December
2020, the first vacones against the severa acute resperatory syn-
drome coronavine 2 [SARS-Cov-2) were a\-aﬁahle,s'? and adminis-
tration to the highest dsk populations including HM  patients
started. ™ From 1 January 2021, we prospectively collected registry
data on adult fully or partially vaccinated HM patients that devel-
oped COVIC-19 to assess the vacone efficacy and potentially

1588 @ hlood” 10 MARCH 2027 | MOLUME 139, NUMBER 10

dentity categones of patierts that may be less protected by vac-
cines. With this report, we share our findings of the first 113 patienis
ncluded in the registry

EPICOMIDEHA survey has been approved centrally by the Insti-
tutioral Review Board and Ethics Committee of Fondazione Poli-
chinico Universitario A, Gemalll - IRCCS - Unwersita Cattolica
de! Sacre Cuore (Rome, haly) and by the respective local part-
ners as approprate, EFICOVIDEHA has been registered  at
wnw.clinicaltrials.gov with the identifier NCT04733729.% From 1
January 2021 until 31 Decernber 2021, all participating nstitu-
tions document episodes of COVID-19 in thair patients with
baseline HM that received & vaccination against SARS-Col-2,
Drata are collected wia the EFICOVIDEHA electronic case repont
form, available at www.chnicalsurveys.net. This online survey is
provided by Enterprise Feedback Suite Fall 2018 (Questback,
Cologne, Germany). Clinical and epidemiclogical data from

W) Check for updates
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Table 1. Clinical characteristics of 113 vaccinated HM
patients that developed COVID-1% infection

Patients,
n
Sen
Famula/male Ad4065 JEwa1A
Age (y.o.) (IQR) [range] &6 (58 - TH) [21 - 4]
50 =50y.a 1497 14.2/85.8
Comorbidities
Mane!1-2-3 comorbaditias 6T 31.9/68.1
Smoking histary 17 150
Malignancy
Acute lymphold leukes 3 24
Chrenic lymphoid |eukemia 28 248
Acute myeloid leukemia 5 4.4
Chrenic myeloid leukemia 1 09
Myelodysplastic syrdrorme 7 4.2
Hodgkin lymphoma 4 35
Mon-Hodgkn lymphoma 14 319
Myelafibross i 27
Polycythamia wera 2 18
Systemic mastocytosis 2 14
Multiple myelama a0 177
Aglastic anemia pi 1.8
Malignancy status before COVID-1%9
Controlled disease® 51 451
active diseasa e 531
Mot repaorted 2 1.4
Last malignancy treatment
fin the last 2 me)
allaHSCT (in the last & ma) 1 0%
Chemotherapy 77 &3
Comventional chemotharapy 13 113
Hypamathylating agonts 4 a5
Imrrunatheragay g an
Immunochemotherapy Jo 265
Targetad therapy 21 184
Bla treatment 35 3.0
Patients with previous COVID-19 2 14
infections
Yeana 21111 1.8/98.2
Vaccination
One dose 25 221
Twio coses 83 78
Patient that lr:.rr-i'\.'pl—. vagcination at 8y e}
least 14 d before COVID-19 infection
Typae of vaccine
mANA & LMNP
BioMNTech/Pfizer 7% 452.9
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Table 1. (continued)

Patients,
n
Modema COVE 20 17.7
Wactor-based
AaraZensce Ouforsd 10 B.E
Inactivated
Sinavac 4 35
Antispike protein |g dosage after
vaccination (referring to WHO
international standards, BAU/mL)
Mo responge {<30) 27 239
Wigalk TESEGNER (37-250} 5 4.4
Optimal response (=250 B 7
Unknown/not measured 73 &4.7
COVID-1% infection
WT 11 T
English: alpha {w) 6 4.2
South Afnean: beta (B} 1 09
Indian: delta (&) ? EO
Not testad 76 AT3
Sevarity
Asymptamatic 22 195
Mild infection 12 10.6
Severs infection 43 55.8
Critical infoction 14 4.2
Symptomatology st onset
Asymptonatic 23 20.4
Pulmonary symphoims 7 327
Extrapulmonany symptoms 14 124
Pulmonary end extrapuimaonary 3¢ 35
Meutrophil count
=500/mm” B BAT
Lymphocyte count
=200/’ 92 B1.4

alloHSET, allogeneic
i COVE
articlas; rRhg,

emakapoietic sheen transplandetion; B&L), hinkng mat

*Coninzlled desman: parial remision or Gefbe

patients with the laboratony-based diagnosis of SARS-CoV-2
infection after partial or complete vaccination are collected. Data
captured incuded underlying conditions before SARS-CoV-2, HM
status and management before SARS-Col-2, SARS-CoM-2 vacc-
maton, and infection details and mortaiity. The diagnoss of
COMID-19 accords to the imematicnal recommendations of the
Warld Health Organization (WHC). ™ The severity of COVID-19 at
admission is graded according to the China Centers for [Nsease
Control and Prevention definitions.'" Patients are considered fully
vaccinated i the final dose was administered at least 14 days
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Table 2. Outcome of vaccinated patients that
developed COVID-19 infection

Stay during COVID-19

Hospital 75 )
COVID% ward L9 438
cu 1 14.2
Of which, invasive 0 &.8
mechanical weantilaticn
Home 38 3.4
Cverall mortality at 30 d 14 124
Attributable to COVIDAP o4 &4.3
+ Hermatalogical 314 2.4
realignancy
Cantributable by COVID-19 414 286
+ Oher reasons® 2/14 14.3
Mot related te COVID-1? 1714 7
+ Hematological /14 7
rr.;lignam:\_\-
Mertality ascerding te severity
Azymptomatic 1414 En |
Peldd infection 144 71
Severe nfection T4 50.0
Critical infection Bi14 8.7
Mortality for stay
Hospital 1314 1.5
1y S5/t 5.7
Of which, invasiva B/5 100.0
mechanical ventiaticn
Home 1714 71
Martality according to type of
vaceine
BioNTech/Pfizer 1279 152
Maderma COVE 1420 50
Astrafeneca Oilond 110 100
Sinovac 044 oo
Mortality according to
SARS-CoV-2 variant
WT ta oo
English: alpha fa) /14 256
Sauth African: beta () 0/t [sK¥]
Ivefian: delia (&) 0/14 oo
Mat tested 14 714
Mortality according to vaccine
seheme
1 dose 4/25 2B.8
Full doss 10478 714
Mortality accerding to type of
hematolegical malignancy
Acute lymehoid leukemia 3 o0
Chronic lymphaid leakema 228 7.1
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Table 2. (continued)

Acute myelosd leukernia o5 0.0

Chranic myeloid leukernia o 0.0

byetadysplastic syndrome 207 ZE.b

Hedgkin lymphama 144 5.0

Mon-Hodgkin hrmphoma 4/36 16.7

Myalofibrosis 1/3 133

Paolycythemia vera 2 0.0

Systemic mastecyioss 142 500

Bultiple myaloma 1420 5.0

Aplastic anemia W2 0.0

Mortality for patients with

active hematological

mallgnaney

Yesna i 50.0¢50-0

Meortality for patients with

chema-immuno ar

radictherapy

ire the last 3 mo 1vid 74

more tham 3 rroedo 4114 ZB.4
allaHECT, alogerwis hematopoistie stem toll ironsplacdabon; COVE, Curonavinis
Eificacy and Safety Sy, ICL, inbinive cirn unil) v, watch and wait

“Reral impaiment plus bacterisl miechon; intestrial suboedusan

before symptom onset of a positive polymerase chain reaction
tact for SARS-Cov-2.

As of 31 August 2021, 113 COVID-19 episndes among partially or
completely vaccinated patients with HM have been registeraed in
EPICOVIDEHA. These patients have been reparted from 42 out of
163 centers in 14 out of 38 European and non-European countries
participating in the survey. The clinical charactaristics of these
patierits are raported in Table 1. The majority of thern were males
161.1%) and over 50 years of age (B5.8%) More than BO% of
patients had underlying lymphoproliferatve malignances (chronic
ympheoid leukerma [CLL, non-Hodgkin lymphoma [MHL, acute
hyrnphoblastic leukermia, Hodgkin's lyrmphoma, and multiple mye-
fomal, Seventy-gight (58.1%) patients received active traatmant of
underlying HM at the time of COVID-19 or within the prior 3
months. Following the recommendations of major intemational
scientific sociaties *? tha majortty of our patients received an
mRMNA vaccine [BioMTech/Plizer n = 79 [69.9%], Modeman = 20
[17.7%]), whereas the remaining 14 (12,4%) received a vector-
based vaccine (AstraZenaca Oxford, n = 10} or an mactivated
vacane (Sincvac CoronaVac, n = 4); overall, the median tima from
the last dose of vacane and COVID-19 diagnosis was of 64 days
{IQR: 33.5-108). Eighty-seven patients (77%) were considered fully
waccinated, whereas the remaining 24 received only 1 shot; in alf
fully vaccinated patients, COVID-19 was diagnosed mare than 2
weeks after the second vacone dose. Viral genomes of miection
ware analyred in only 37 (32.7%) cases and the owvanant was the
rast frequently observed supplemental Figure 1), Postvaccine I
levels against SARS-CoV-2 spike protein were anahyzed in 40
(35.4%) fully vaccinated patiants, 2 to 4 weeks from the lastvaccine
dose. Among these patients, only 13 (32.5%) presented an
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antibody response to vaccine (optimal: 8 weak: 5), whereas the
remaining 27 (47 5%) were considered no responders [BAU <30/
mb). Owerall, 7% (60.4%) patients had a severe or citical infection,
Seventy-five patients {66.4%) were admitted to the hespital: 16
121,3%) of them to an ICU, and 10/16 required mechanical ventila-
tion (Table 2); detailed data about COVID-19 symptoms and sever-
ity according HM diagnosis have been described in supplemental
Table 1. After a follow-up of 30 days post-COVID-19 diagnoss, the
overall mortality rate was 12.4% [n = 14}, COVID-17 was the main
or a secondary cause of death for all bur 1 patient; interestingly, we
did not observe ary statistical difference in terms of mortality
batween partially or fully vaccinated patients (15.4% vs 11.5%; F=
734) and betwean patients achieving a seralogical response to vac-
cine va nonresponders (13.3% vs 15.6%; P = 1), In addition, we did
nat fird any significant differences in terms of age or comorbidities
comparing responder vs nonresponder patients. Morsover, our
multivariable analysis showed that the anly factor indepandently
related to the risk of death in cur cohort of vaceinated patients was
the age (F = 035 HR 1,053, ¥5% CI: 1.004-1.105) (supplemental
Tabde ). Ten of 14.(71.4%) patents who died had underlying iym-
phoproliferative malignancies. With the cauton due to the limited
numiser of reponted cases, it is worth it to underine that none of the
patients who died had underhying acute myeloic leukemia, which in
our previous analysis in nonvaccinated patients was the category
with ona of the highast mortality rates.”

A generalized arti-5AR5-CoV-2 vaccination policy has allowsd a
marked reduction in the incidence of severe COVID-19 in the gen-
eral population, However, some reports indicate the occurence of
the infection in a limited number of vaccinated subjects, ' These
are mostly subjects who have not developed protective immunity.
Qur survey, involing 42 hematology depariments around the
world, provides some preliminany insights. The majority of patients
wiho do not respond to vaccination are patents with lymphoproli-
ferative diseases, mainly CLL and NHL This has also been
observed for other vaccinations leg, influenza)."™ ™ Our results sug-
gest that the low serclogic response rate to ant-SARS-Col-2 vac-
cines in patients with HM may translate to higher rates of
infections. This has previously been described follawing monado-
mal antibady treatmeant.”” ™ Unforturately, anly little data are avail-
able on the genomic characterization of the virus, We expect to
have more detailad data-at the end of this survey, Given policies
that differ between sites, postvaccnaton serclogy results were
available in anly ~35% of patients, and of those about two-thirds
ware serologically norresponders, An important limitation of these
data iz that methods for evaluating ant-S5ARS-CoV-2 antibodies
were diffarent amang enrofling canters; as a consequence we tried
to reduce this interlaboratory varability by refernng o the WHO
standardized method  (hitps:/ v whe intnews-roomdleature-
stones/detail/stanclardization-obvaccines-for-coronavins-disease-
covid-19), Importantly, the overall momality observed in our
patiants, although lower than in the prevaconation period
{~31%), remainad high (12.4%), This percentage, on one hand,
rermams quite worrying for hematolegists, but on the ather hand
should ke interpreted as a significant achievement following the
spread of vaccination pragrams arcund the world, The hospitali-
zation and mortality rates are still higher than the ones observed
in the fully vaceinated general papulation, where hospitalization
rates of 2% to 3% have been repored =242 Our study reports
preliminary observations, and the low number of vaccinated
patients is the main weakness, for now fimitng the possibility to
dafine the real incidence of breakthrough COVID=19 in HM.

LETTERS TD BLOODR

Recruitrmiant to this survey continues, and larger numbers of cases
will enable us to draw more conclusions in crder to develop strat-
egies to prevent severe COVID-19 in this frail population,

Informed consent was collected as applicable.
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Appendix

bembors of the EPFICOVIDEHA study group: Flonan Retzine (Rennas,
France), Malgorzata Mikuiska (Genoa, ltalyl; Hytham K. 5. Hamid
(Caserta, ltaly), Micola S Fracchiolla (Milan, [aly), Francesca Fanns
(Milan, taly); Micola Coppela (Maples, lalyl Caterina Buguicchia (Bar-
letta, Ialyh Avinash Aujayeb (Cramfingten, United Kingdom), Premy-
slaw Zdrarski Wroclaw, Poland), Marms Chisra Tiar (Vicenza, laly);
Martin: Schanlein (Hamburg, Germanyy Gianpaclo Nadali (Merona,
Itaby), Martin Kolditz (Dvesden, Germanyl, Michasta Hanakova (Czech
Republic), Monica Fung [San Francisca) Maureen Chbat [Chesnay,
France), Caroline Besson {Versailles, France), Valenting Bonuoma,
{Vesona, |taly}; and Ghaith Abu-Zeinah (New York, MY}
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