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Abstract 

The ability of medical centers in Eastern and South-Eastern Europe to diagnose and treat fungal infections 

remains unknown. In order to investigate that, here we conducted a cross-sectional online survey, released 

at both The International Society for Human & Animal Mycology (ISHAM) and European Confederation of 
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Medical Mycology (ECMM) websites. A total of 31 institutions responded to the questionnaire. Most centers 

(87.1%, n = 27) had access to Aspergillus spp. ELISA galactomannan testing as well as to Cryptococcus spp. 

antigen testing (83.9%, n = 26). Serological tests were mostly available for Aspergillus species (80.6%, n = 

25); and most institutions reported access to mold-active antifungal drugs (83.9%; n = 26), but 5-�ucytosine 

was available to only 29% (n = 9) of the participant centers. In conclusion, this study represents the �rst 

attempt to document the strengths and limitations of the Eastern and South-Eastern European region for 

diagnosing and treating fungal diseases. 

Lay Summary 

Our article is about the availability of diagnostic and treatments tools related to fungal infections in the 

countries of Eastern and South-Eastern region. Surveys like these are important to understand the gaps and 

point towards the fungal infections as a global health issue. 

Key words: fungal infection, mycology, diagnosis, laboratory, antifungal agents. 

Fungal infections still pose a challenge, due to combination of 

factors including poor awareness of health care workers, lim- 

ited availability of diagnostic tools, treatment-related toxicities 

and limited access to antifungal drugs. The epidemiology of fun- 

gal infections has been described in many countries around the 

globe including Eastern and South-Eastern Europe, 1 –6 includ- 

ing epidemiology of rare mold and rare yeast infections, 7 –9 but 

knowledge on the availability of antifungal drugs and diagnostic 

tools in Clinical Mycology in the region remains poorly studied. 

Moreover, inequities within Europe may result in differences in 

terms of access to medicines and diagnostic capacity in medical 

mycology.10 

In order to �ll this gap of information, we developed a 

cross-sectional online survey ( www.clinicalsurveys.net , Quest- 

back GmbH, Cologne, Germany) that included 29 questions cov- 

ering different topics in the �eld of clinical mycology. The survey 

remained open from June 2019 to May 2020 and was released 

online at the International Society of Human and Animal My- 

cology (ISHAM) and the European Confederation of Medical 

Mycology (ECMM) websites. Institutions were classi�ed accord- 

ing to whether the laboratories potentially met the ECMM cri- 

teria for Blue Status, the initial category of the Excellence Cen- 

tre Initiative ( https://www.ecmm.info/ecmm- excellence- centers ), 

which are: (i) the ability to identify relevant yeasts and molds; 

(ii) performance of susceptibility testing on yeasts and molds ac- 

cording to standard procedures; (iii) performance of Aspergillus 

antigen (galactomannan) test; (iv) availability of cryptococcal 

antigen testing.11 This did not con�gure an ECMM accredita- 

tion, but rather suggested possible candidates for Blue Status, 

if there was an application from these institutions. Croatia al- 

ready has an accredited ECMM Excellence Centre Silver since 

2018, University Hospital Centre Zagreb Department of Clin- 

ical and Molecular Microbiology, and this center did not an- 

swer to this survey. The ECMM accreditation process is part 

of a project which aims to provide expert consultation free of 

charge in dif�cult-to-treat invasive fungal infections clinical cases 

(ECMM Expert Consultation Service).11 

We received 31 answers, from 11 different countries 

(Figure 1 ), including Greece (n = 9), Croatia (n = 5), Russia 

(n = 5), Estonia (n = 3), Serbia (n = 2), Slovakia (n = 2), Czech 

Republic (n = 1), Hungary (n = 1), Lithuania (n = 1), Roma- 

nia (n = 1) and Slovenia (n = 1). Among responders, only Rus- 

sia and Serbia are not part of the European Union. The survey 

was answered by laboratory professionals (n = 12), academics 

(n = 8), attending physicians (n = 3), infectious diseases special- 

ists (n = 2), institution directors (n = 2) and other professionals 

who did not �t any of these categories (n = 3). One responder 

did not inform their position. Among responders, 74.2% (n = 

23) were university hospitals or national institutes of research, 

19.4% (n = 6) were public hospitals, 6.5% (n = 2) were on- 

cology clinics, 3.2% (n = 1) were private hospitals and one was 

an independent laboratory (provides diagnosis to health institu- 

tions but does not perform treatment). Multiple selections were 

allowed in this item. 

Regarding performance of microscopy, potassium hydroxide 

was available for 71.0% (n = 22) of institutions, India/China 

ink for 64.5% (n = 20), Giemsa stain for 54.8% (n = 17), silver 

stain for 16.1% (n = 7) and calco�uor white for 38.7% (n = 12). 

Fluorescent dyes in general were available for 61.3% (n = 19). 

Automated blood culture monitoring was available for 80.6% 

(n = 26) of institutions. 

For fungal species identi�cation, automated identi�cation by 

VITEK or other commercial methods was available for 67.7% 

(n = 21) of institutions; biochemical tests (classic mycology) 

were available for 54.0% (n = 17), Matrix-Assisted Laser 

Desorption/Ionization-Time of Flight (MALDI-ToF) for 48.4% 

(n = 15), 32.3% used mounting medium (n = 12), and DNA 

sequencing was accessible for 29.0% (n = 9). 

Susceptibility testing was available for both yeasts and molds 

in 67.7% (n = 21) of institutions and for yeasts only in 22.6% 
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Figure 1. Distribution of European institutions participating in this survey. 

In blue, there are countries from institutions that answered the survey. The 

marker indicates countries where at least one institution potentially ful�lled 

the minimum requirements for ECMM Blue Status. 

(n = 7). Institutions used E-test strips (77.4%, n = 24), VITEK 

(41.9%, n = 13), and broth microdilution, following the Clinical 

and Laboratory Standards Institute (CLSI) (35.5%, n = 11) or 

the European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) standards (41.9%, n = 13). 

Regarding the availability of serological testing, it was mostly 

available for Aspergillus spp. (80.6%, n = 25). This was followed 

by Candida spp. (64.5%, n = 20), Histoplasma spp. (16.1%, 

n = 5) and Paracoccidioides spp. (9.7%, n = 3). 

Most institutions (87.1%, n = 27) had access to Aspergillus 

spp. ELISA galactomannan testing, and 12.9% (n = 4) had ac- 

cess to the Aspergillus spp. lateral �ow assay (LFA). Cryptococ- 

cus spp. latex testing was available for 83.8% (n = 26) of re- 

sponders; Cryptococcus spp. LFA for 3.2% (n = 1), Histoplasma 

spp. antigen detection for 12.9% (n = 4), 1.3- β-Glucan for 

51.6% (n = 16) and Candida spp. antigen detection for 54.8% 

(n = 17) of institutions. 

The availability of molecular tests in Eastern and South- 

Eastern Europe is described in Table 1 , and the availability of 

antifungal drugs is summarized in Table 2 . 

Therapeutic drug monitoring (TDM) was locally available for 

itraconazole in 19.4% (n = 6) of institutions, for posaconazole 

in 32.3% (n = 10), for voriconazole in 29% (n = 9), and for 

5-�ucytosine in 6.5% (n = 2). 

Regarding ECMM requirements for Blue Status, 48.4% 

(n = 15) of institutions potentially ful�lled the minimum lab- 

oratory requirements. These centers were located in Russia 

(n = 5), Greece (n = 4), Croatia (n = 1), Czech Republic (n = 

1), Hungary (n = 1), Serbia (n = 1), Slovakia (n = 1), Slovenia 

(n = 1). 

Considering that antifungal resistance is a growing global 

health problem,12 participant institutions were not ready to 

properly face this challenge, once they reported low access to di- 

agnostic tools, including TDM. The most accessible TDM was to 

posaconazole, and that was available at only 32.3% (n = 10) of 

institutions. The limited availability of molecular tests showed 

in our survey can also pose a problem, resulting in delayed 

diagnoses. 

For instance, 5-�ucytosine, considered essential by the World 

Health Organization, was available to only 29.0% (n = 9) of 

participant centers, which is alarming considering the high mor- 

tality of HIV-associated cryptococcal meningoencephalitis.13 Al- 

though limited, the region has better availability of 5-�ucytosine 

than other regions of the globe, such as Latin America and Africa 

(18 and 27%, respectively). At the same time, amphotericin B 

was available in any of its formulations in 83.9% (n = 26) of in- 

stitutions in our survey, and in 72% in Latin America and 52.5% 

in Africa.14 , 15 

Continuous work is necessary in order to reduce health in- 

equities within the European continent and beyond, guarantee- 

ing access to healthcare services in its three dimensions: coverage, 

affordability and availability of care. According to the World 

Health Organization, HIV/AIDS is more prevalent in Eastern 

countries when compared to other European subregions, as well 

as respiratory underlying conditions, considered important risk 

factor for fungal infections. For example, of the 136,449 people 

diagnosed with HIV/AIDS in Europe in 2019, 79.0% were di- 

agnosed in the East (n = 107,842).16 In some countries, efforts 

have been made to document the burden of fungal diseases. One 

example is Hungary, in which the number of dif�cult to treat 

and potentially life-threatening mycoses was estimated as at least 

Table 1. Molecular tests availability according to the fungal pathogen. 

Molecular tests availability at the institution Molecular tests performed at outsourced laboratories Total 

Aspergillus spp. 29.9% (n = 9) 16.1% (n = 5) 45.2% (n = 14) 

Candida spp. 41.9% (n = 13) 9.7% (n = 3) 51.6% (n = 16) 

Pneumocystis spp. 48.4% (n = 15) 3.2% (n = 1) 51.6% (n = 16) 

Other fungi 22.6% (n = 7) 6.5% (n = 2) 29.0% (n = 9) 
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Table 2. Availability of antifungal drugs in Eastern and South- 

Eastern Europe. 

Antifungal drug Availability 

Amphotericin B deoxycholate * 41.9% (n = 13) 

Amphotericin B lipid complex (ABLC) 35.5% (n = 11) 

Liposomal amphotericin B * 54.8% (n = 17) 

Other lipid formulations of amphotericin B 16.1% (n = 5) 

At least one amphotericin B formulation 83.9% (n = 26) 

Anidulafungin 67.7% (n = 21) 

Caspofungin 71.0% (n = 22) 

Micafungin 64.5% (n = 20) 

Fluconazole * 93.5% (n = 29) 

Itraconazole * 77.4% (n = 24) 

Voriconazole * 87.1% (n = 27) 

Posaconazole 64.5% (n = 20) 

Isavuconazole 22.6% (n = 7) 

Flucytosine * 29.0% (n = 9) 

Terbina�ne 32.2% (n = 10) 

* Part of WHO Model List of Essential Medicines. For Amphotericin B, WHO con- 

siders sodium deoxycholate or liposomal complex as an essential medicine.19 

33,000 annually . 3 Although Europe is not a main area of en- 

demic mycoses, migration, travel, and increase of immunocom- 

promised population with the advance of oncologic therapies, 

for example, maintain the burden of invasive fungal diseases.17 

To tackle this problem, an important step would be mak- 

ing relevant fungal infections (such as azole-resistant Aspergillus 

spp. and Candida auris infections) noti�able diseases, building 

more active surveillance systems, monitoring and avoiding pos- 

sible breakthrough infections.18 Furthermore, there is a need to 

improve infection control practices, considering that health-care- 

associated invasive fungal diseases are also an important cause of 

morbimortality. Educating health workers facing invasive fungal 

diseases according to the best evidence available is also an impor- 

tant strategy. Initiatives such as ECMM Expert Consult provide 

tools to help capacitating and empowering institutions world- 

wide.11 Improving access to rapid diagnostic methods, such as 

molecular tests (which were available for only half of institu- 

tions), would also strengthen infection control practices in the 

region. 

This survey has some limitations, including the small num- 

ber of responders. Once the survey was released online through 

ISHAM and ECMM websites, our data is also restricted to insti- 

tutions which were aware of these societies. However, this is the 

�rst attempt to document the strengths and limitations of the re- 

gion, regarding the capacity of diagnosis and treatment of fungal 

infections. Future studies are needed to compare diagnostic ca- 

pabilities between different regions of Europe to identify areas of 

highest need. Surveys like these are important to understand the 

gaps and point towards the fungal infections as a global health 

issue, identifying the necessity of multidisciplinary actions from 

stakeholders and policy makers. 
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