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Abstract The success of the clinical management
of invasive fungal diseases (IFD) is highly depend-
ent on suitable tools for timely and accurate diagno-
sis for effective treatment. An in-depth analysis of
the ability of European institutions to promptly and
accurately diagnose IFD was previously conducted
to identify limitations and aspects to improve. Here,
we evaluated and discussed the specific case of Portu-
gal, for which, to our knowledge, there are no reports
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describing the national mycological diagnostic capac-
ity and access to antifungal treatment. Data from 16
Portuguese medical institutions were collected via
an online electronic case report form covering dif-
ferent parameters, including institution profile, self-
perceived IFD incidence, target patients, diagnostic
methods and reagents, and available antifungals. The
majority of participating institutions (69%) reported
a low-very low incidence of IFD, with Candida spp.
indicated as the most relevant fungal pathogen, fol-
lowed by Aspergillus spp. and Cryptococcus spp. All
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institutions had access to culture and microscopy,
whereas 94 and 88% were able to run antigen-detec-
tion assays and molecular tests, respectively. All of
the institutions capable of providing antifungal ther-
apy declared to have access to at least one antifungal.
However, echinocandins were only available at 85%
of the sites. Therapeutic drug monitoring (TDM)
was reported to remain a very restricted practice in
Portugal, being available in 19% of the institutions,
with the TDM of itraconazole and posaconazole per-
formed in only 6% of them. Importantly, several of
these resources are outsourced to external entities.
Except for TDM, Portugal appears to be well-pre-
pared concerning the overall capacity to diagnose and
treat IFD. Future efforts should focus on promoting
the widespread availability of TDM and improved
access to multiple classes of antifungals, to further
improve patient outcomes.

Keywords Portugal - Clinical mycology - Invasive
fungal disease - Diagnosis - Therapy - Antifungals

Introduction

Invasive fungal diseases (IFD) are a global burden
affecting more than 150 million individuals world-
wide and lead to more than 1.7 million deaths every
year [1-3]. Furthermore, IFD are associated with a
significant socioeconomic burden, due to the elevated
number of hospitalizations and the extreme health-
care costs, estimated to surpass $7 billion annually in
the US [4], with similar figures in Europe [5]. With
the advent of modern medicine and advances in med-
ical care, the number of susceptible hosts, namely
hematological and oncological patients, recipients of
hematopoietic stem-cell and solid organ transplan-
tation, and immunosuppressed patients receiving
chronic steroids and biologic therapies, is increasing
[6-8]. Other vulnerable settings include advanced age
and intensive care, and severe debilitating conditions,
namely respiratory viral infections, such as COVID-
19 and influenza, which underlie the development
of COVID-19-associated aspergillosis (CAPA) [9,
10] and COVID-19-associated mucormycosis [11],
and influenza-associated aspergillosis (IAPA) [12],
respectively. Traveling to endemic regions further
potentiates the dissemination of endemic mycoses
to non-endemic areas [13—15], which in the case of
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Portugal, may be the reflection of the high number
of individuals of South American and African origin
[14].

Diagnosing IFD poses a significant challenge. Not
only are available tools limited, but affected patients
typically present non-specific symptoms or have
underlying conditions masking the disease [16]. Indi-
viduals with chronic obstructive pulmonary disease
(COPD), or bronchiectasis, for instance, not only
experience respiratory symptoms that overlap with
those of fungal infections but also exhibit challenging
radiological presentations since they may be difficult
to distinguish from the inherent clinical presenta-
tions of the underlying condition itself [17]. In some
instances, such as the diagnosis of Candida infec-
tions, the correct distinction between colonization
and active infection is also difficult. Early diagnosis,
however, can improve treatment outcomes and poten-
tially alleviate the financial burden associated with
IFD [18].

A major determinant dictating the accessibility to
these techniques has been reported to lie in the eco-
nomic status of the country, with a previous study
on the diagnostic capacity of European institutions
describing considerable differences among countries
according to their gross domestic product (GDP)
[19]. On the other hand, in some cases, such as Italy
[20] and Argentina [21], the resources seemed to be
homogeneously distributed with no significant differ-
ences among the evaluated national institutions.

Portugal, a Western European country whose
estimated population is approximately 10.3 million
inhabitants [22], was categorized as an European
median-income country in our previous nationwide
censoring survey, with a GDP encompassing the
US$30,000-$45,000 range [19]. The Portuguese
healthcare system includes both public and private
medical care providers. The public healthcare system,
known as the National Healthcare System (NHS), is
a free healthcare service including all the public enti-
ties designated for the provision of medical care ser-
vices [23]. The NHS is a platform created to provide
equitable treatment among patients regardless of their
socioeconomic status, being financially supported
mainly through taxation. This medical system has
presented good performance outcomes. For exam-
ple, rates of avoidable hospitalizations for asthma
and COPD, conditions well-recognized for their
established connection to an elevated risk of IFD
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development [24, 25], ranked amongst the top per-
formers within the Organization for Economic Coop-
eration and Development [26].

Our study aimed to describe the diagnostic capac-
ity of IFD and the global access to antifungal treat-
ments in public Portuguese institutions and identify
the most critical aspects for improvement.

Methods

A comprehensive questionnaire-based approach was
implemented at multiple centers between Novem-
ber 1, 2021, to May 31, 2023. The data was gath-
ered using an electronic case report form hosted on
the website www.clinicalsurveys.net/uc/IFI_manag
ement_capacity/ (EFS Summer 2021, TIVIAN
GmbH, Cologne, Germany). Rigorous validation of
responses was undertaken to ensure the accuracy,
coherence, and completeness of the data.

The primary objective of the survey was to evalu-
ate various critical aspects related to the diagnosis
and treatment of IFD. These aspects encompassed the
examination of institutional profiles, the assessment
of perceptions regarding IFD incidence and signifi-
cance at each institution, the exploration of micros-
copy techniques, culture, and fungal identification
methods, analysis of serology approaches, antigen
detection capabilities, molecular assays, and the avail-
ability of therapeutic drug monitoring (TDM). Par-
ticipants were required to provide binary responses
indicating the accessibility of specific methods at
their respective locations. Additionally, for serol-
ogy, antigen detection, molecular testing, and TDM,
laboratories were asked to specify whether these ser-
vices were available onsite or outsourced to external
institutions.

The prevalence of IFD was estimated using a
Likert scale, allowing participants to rate the inci-
dence on a scale from 1 (extremely low) to 5 (very
high) (Table 1). To ensure a diverse and representa-
tive group of participants, researchers reached out to
individuals from various regions in Portugal through
mass e-mails, targeting both close collaborators of
the authors and members of key scientific organiza-
tions such as the International Society of Human and
Animal Mycology (ISHAM; www.isham.org) and
the European Confederation for Medical Mycology
(ECMM; www.ecmm.info).

Table 1 Baseline characteristics of participating institutions
in Portugal

Participating institutions n % (of replies)
16 100.0

Patients at care

COVID-19 12 750
Diabetes mellitus 14 875
Hematology 12 750
HIV/AIDS 12 750
Oncology 13 813
Parenteral nutrition 14 875
Solid organ transplantation 5 31.3
Stem cell transplantation 5 31.3
Invasive fungal infection incidence
Very low 5 313
Low 6 37.5
Mild 3 18.8
High 2 12.5
Very High 0 0.0
Most relevant pathogen(s) within institutions
Aspergillus spp. 12 750
Candida spp. 16 100.0
Cryptococcus spp. 5 313
Fusarium spp. 2 12.5
Mucorales 1 6.3

The collected data was analyzed and summarized
using frequencies and percentages. For all statistical
analyses, SPSS v27.0 (SPSS, IBM Corp., Chicago,
IL, United States) was utilized.

Results

During the study period, a total of 16 Portuguese
institutions self-assessed their capability to manage
invasive fungal infections (Fig. 1).

Table 1 describes the baseline characteristics of
the participating institutions in Portugal. Of the 16
participating institutions, 14 (87.5%) were admit-
ting patients with diabetes mellitus or in need of
parenteral nutrition, 13 (81.3%) patients with solid
or hematological cancer, and 12 (75%) with COVID-
19, human immunodeficiency virus (HIV), or blood
or bone-marrow related disorders. Participants were
inquired about their perception of IFD incidence
within their respective institutions. Out of the 16
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Fig. 1 Map of participating institutions per district. Districts
with participating institutions are colored in red. Districts
whose centers have not been included are colored in green. If
more than one participating center (in yellow) is from the same
city, a single point is pictured

participating institutions, 11 (68.8%) reported a low-
very low incidence of IFD. A high incidence of IFD
was reported in 2 (12.5%) institutions, whereas a very
high incidence was not perceived at any site. Partici-
pants also listed the most relevant pathogens at each
institution, with Candida spp. (n=16, 100%) being
pointed out by all institutions as the most significant
pathogen, followed by Aspergillus spp. (n=12, 75%),
Cryptococcus spp. (n=5; 31.3%), Fusarium spp.
(n=2, 12.5%) and Mucorales (n=1, 6.3%).
Microscopy techniques were available in all 16
(100%) institutions (Table 2). When cryptococcosis
was suspected, microscopy was the method of choice
to perform a direct examination of body fluids for
most institutions (n=14, 87.5%). However, only 3
(18.8%) employed direct microscopy or silver stain-
ing for suspected cases of mucormycosis and pneu-
mocystosis, respectively. Of note, less than half of the
participating institutions (n="7, 43.8%) had access
to fluorescent dyes. China or India ink were the
most widely available staining dyes (n=15, 93.8%),
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followed by Giemsa staining (n=10, 62.5%), potas-
sium hydroxide (n=8, 50%), silver staining (n=4,
25%), and calcofluor white staining (n=1, 6.3%).
Access to culture media was also widespread (100%),
with all 16 institutions offering tests for specific
identification. The most prevalent type of test was
based on automated identification through VITEK
2® and other commercial tests (n=16, 100%), fol-
lowed by classical biochemical tests (n=11, 68.8%),
matrix-assisted laser desorption ionization time-
of-flight mass spectrometry (MALDI-TOF MS)
(n=10, 62.5%), deoxyribonucleic acid (DNA)
sequencing (n=6, 37.5%) and macro and micro-
scopic observation of the colonies (n=5, 31.3%).
Antifungal susceptibility testing was available in 13
(81.3%) institutions. The VITEK 2® system was
the most popular technology employed in these set-
tings (n=10, 62.5%), followed by the E-test® (n=9,
56.3%), and broth microdilution published by the
European Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST; n=7, 43.8%) and Clinical and
Laboratory Standards Institute (CLSI; n=4, 25%).
Remarkably, antifungal susceptibility tests were not
available in 2 (12.5%) of the institutions. Molecular
diagnosis is prevalent in Portugal with only 1 institu-
tion lacking this type of resource. Polymerase chain
reaction (PCR) for Preumocystis detection emerged
as the most frequent among Portuguese institutions
(n=14, 87.5%), followed by Aspergillus (n=12,
75%), Candida (n=11, 68.8%), and Mucorales (n=8,
50%). Of note, outsourcing of antibody and antigen
detection and molecular techniques to external enti-
ties is a highly frequent practice, often prevailing over
onsite procedures.

Serological antibody detection was available in 14
(87.5%) institutions, of which 12 had the capacity to
detect Aspergillus spp. (75%) antibodies (Table 3).
In contrast, less than half of the institutions were
equipped to detect antibodies against Candida spp.
and Histoplasma spp. (n="7, 43.8%). Antigen-detec-
tion assays were available in nearly all institutions
(n=15, 93.8%) except for one. Aspergillus and Cryp-
tococcus antigen assays were available in 12 insti-
tutions (75%), whereas Candida and Histoplasma
assays were limited to only 7 (43.8%) and 6 (37.5%),
respectively. Tests to detect galactomannan were
available in half of the institutions. Among these, 5
(31.3%) resorted to enzyme-linked immunosorbent
assay (ELISA), and 6 (37.5%) to both lateral flow
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Table 2 Available
methodologies for the
phenotypic and molecular
identification of fungal
species and diagnosis of
IFD in Portugal

"The percentages of on site
or outsourced molecular
diagnostics (PCR) were
calculated with regard to the
total number of institutions
that had access to each of
those methodologies

Participating institutions n % (of replies)
16 100.0
Microscopy 16 100.0
Available microscopy methods
Calcofluor white 1 6.3
Giemsa stain 10 62.5
China/India ink 15 93.8
Potassium hydroxide 8 50.0
Silver stain 4 25.0
Fluorescence dyes 7 43.8
Direct examination of body fluids when cryptococcosis suspicion 14 87.5
Silver staining in pneumocystosis suspicion 18.8
Direct microscopy when mucormycosis suspicion 18.8
Culture and fungal identification 16 100.0
Fungal culture methods
Agar Niger 1 6.3
Chromogen 2 12.5
Lactrimel agar 1 6.3
Potato dextrose agar 2 12.5
Sabouraud dextrose agar 12 75.0
Sabouraud dextrose agar + chloramphenicol 8 50.0
Sabouraud dextrose agar 4 gentamicin 5 31.3
Selective agar (chloramphenicol 4 cycloheximide) 37.5
Available tests for species identification
Automated identification (VITEK, other commercial tests) 16 100.0
Biochemical tests 11 68.8
DNA sequencing 6 37.5
MALDI-TOF 10 62.5
Mounting medium 5 31.3
Available methods for determination of antifungal susceptibility profile
CLSI (broth microdilution) 4 25.0
EUCAST (broth microdilution) 7 43.8
E-test® (gradient agar diffusion) 9 56.3
VITEK2® 10 62.5
Molecular diagnosis (PCR) ¥ 15 93.8
Aspergillus spp. 12 75.0
Onsite 4 33.3
Outsourced 8 66.7
Candida spp. 11 68.8
Onsite 4 36.4
Outsourced 7 63.6
Pneumocystis spp. 14 87.5
Onsite 8 57.1
Outsourced 6 429
Mucorales spp. 8 50.0
Onsite 2 25.0
Outsourced 6 75.0
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Table 3 Available methodologies for fungal species serologi-
cal detection and identification and diagnosis of IFD in Portu-
gal

Participating institutions N % (of replies)
16 100.0
Antibody detection 14 87.5
Aspergillus spp. 12 75.0
Onsite 6 500
Outsourced 6 50.0
Candida spp. 7 438
Onsite 1 143
Outsourced 6 857
Histoplasma spp. 7 438
Onsite 3 429
Outsourced 4 571
Antigen detection f 15 938
Aspergillus spp. 12 75.0
Aspergillus spp. galactomannan 10 62.5
(ELISA)
Onsite 5 500
Outsourced 5 500
Aspergillus spp. galactomannan (LFA) 6 37.5
Onsite 2 333
Outsourced 4 66.7
Aspergillus spp. galactomannan (LFD) 6 375
Onsite 1 167
Outsourced 5 833
Candida spp. 7 438
Onsite 1 143
Outsourced 6 857
Cryptococcus spp. 12 75.0
Cryptococcus spp. (LAT) 9 563
Onsite 9 100
Outsourced 0 O

Cryptococcus spp. (LFA) 6 375
Onsite 4 66.7
Outsourced 2 333
Histoplasma spp. 6 375
Onsite 2 333
Outsourced 4 66.7
B-glucan 7 438
Onsite 2 286
Outsourced 5 714

T The percentages of onsite or outsourced antibody or antigen
detection tests were calculated concerning the total number of
institutions that had access to each of those methodologies

@ Springer

Table 4 Available antifungal drugs and therapeutic monitor-
ing for clinical management in Portuguese institutions

Participating institutions n % (of replies)
16 100.0
Available antifungals 13 100.0
Amphotericin B 13 100.0
Amphotericin B deoxycholate 5 38.5
Ampbhotericin B lipid complex 4 30.8
Amphotericin B liposomal 11 84.6
Echinocandins 11 84.6
Anidulafungin 5 38.5
Caspofungin 8 61.5
Micafungin 11 84.6
Triazoles 13 100.0
Fluconazole 13 100.0
Isavuconazole 10 76.9
Itraconazole 7 53.8
Posaconazole 9 69.2
Voriconazole 13 100.0
Flucytosine (5-FC) 5 38.5
Terbinafine 7 53.8
Therapeutic drug monitoring f 3 18.8
Flucytosine (5-FC) 2 12.5
Onsite 1 50.0
Outsourced 1 50.0
Itraconazole 1 6.3
Onsite 0 0.0
Outsourced 1 100.0
Posaconazole 1 6.3
Onsite 0 0.0
Outsourced 1 100.0
Voriconazole 3 18.8
Onsite 1 333
Outsourced 2 66.7

"The percentages of onsite or outsourced TDM were calculated
concerning the total number of institutions that had access to
each of those methodologies

assay (LFA) and lateral flow device (LFD). Regard-
ing Cryptococcus, the most commonly used detection
assay was the latex agglutination assay (n=9, 56.3%),
followed by LFA (n=6, 37.5%). Beta-glucan was also
targeted for detection in 7 (43.8%) institutions.

All 13 institutions that operate as treating centers
and are capable of providing antifungal therapy had
access to at least one antifungal (Table 4). The most
frequently available antifungal agents in Portuguese
institutions belonged to the triazole, polyene (n=13,
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100.0%), and echinocandin (n=11, 84.6%) classes.
Among these classes, the most common drugs avail-
able included liposomal amphotericin B (n=11,
84.6%) within the polyene formulations, voriconazole
and fluconazole (n=13, 100.0%) within the triazoles,
and micafungin (n=11, 84.6%) within the echino-
candins. The availability of other drugs, namely the
allylamine terbinafine (n=7, 53.8%) or the pyrimi-
dine analog flucytosine (n=35, 38.5%), was less fre-
quent. According to the obtained data, TDM remains
a very limited practice in Portugal, with only 3 insti-
tutions (18.8%) engaging in this type of patient fol-
low-up. Three (18.8%) institutions were able to moni-
tor patients receiving voriconazole, whereas only 2
(12.5%) and 1 (6.3%) sites, respectively, had flucyto-
sine, and itraconazole and posaconazole monitoring
available. However, this monitoring was conducted
mainly through outsourcing, with only 1 institution
performing flucytosine and voriconazole onsite.

Discussion

We conducted a systematic analysis of the capac-
ity of Portuguese institutions to diagnose and treat
IFD. Overall, over half of the participating institu-
tions documented a low IFD incidence. However, it is
important to note the subjective nature of the reported
perceptions. Candida spp. was identified as the most
prominent pathogen, followed by Aspergillus spp.
and Cryptococcus spp., which collectively occupy
the top positions on the World Health Organization
(WHO) fungal priority pathogen list [27]. All insti-
tutions were prepared for fungal identification using
culture and microscopy techniques, with the major-
ity also endowed with antibody detection by serol-
ogy, molecular tests, and antigen-detection assays.
Antifungal drugs were generally accessible, with tria-
zoles and amphotericin B being more widely avail-
able than echinocandins. TDM, however, stood out as
one of the most important limitations, showing very
restricted implementation.

Portugal follows the same pathogen prevalence
pattern observed in European settings [19]. Notably,
while other European countries, such as Italy [20] and
Austria [28], identified Aspergillus spp. as their most
important pathogen, Portugal aligns with the over-
all trends in Asian [29] and African [30] countries,
where Candida spp. stands out as the predominant

fungal pathogen. This mirrors older reports on the
epidemiology of IFD in which Candida species were
the main etiological agent [31]. However, the epide-
miological landscape has markedly changed, with
not only an increase in the prevalence of Aspergillus
species but also the emergence of rare fungi, such as
Fusarium and Mucorales [32].

The relevance given to Aspergillus spp. also fol-
lows a previous report from a Portuguese multicentric
surveillance program, in which Aspergillus spp. was
identified as the most predominant etiological agent
of IFD [14]. This change in epidemiology is, at least
in part, aligned with the widespread introduction of
broad-spectrum antifungal prophylaxis. These pre-
ventive measures have been adopted to circumvent
the challenges associated with diagnosis. Nonethe-
less, they often lead to the positive selection of resist-
ant strains, possibly contributing to the emergence of
difficult-to-treat fungi.

Although Portugal follows the same overall epide-
miological pattern observed in Europe, Cryptococcus
spp. exhibited a higher prevalence. A previous study
had already established the higher incidence of cryp-
tococcal meningitis among human immunodeficiency
virus (HIV)-infected patients in Portugal compared
to other European countries [15, 33-35], a difference
that might be attributed to the high number of patients
without antiretroviral treatment.

In contrast to the European landscape, and despite
being less frequent, Fusarium was more prevalent in
the Portuguese territory than fungi from the Mucor-
ales order. Indeed, the incidence of fusariosis in Por-
tugal has been increasing since the 90s. Although
this survey did not include data from Madeira Island,
previous reports state the introduction and settling of
Fusarium in this geographical area [36]. Importantly,
the geoclimatic conditions of Madeira can be suitable
for the development and dispersion of these plant-
pathogenic fungi [37, 38]. However, no genotyping
studies are available to allow the comparison of the
involved fungal strains and confirm this hypothesis.

Despite Portugal is not considered an endemic area
for dimorphic fungi, the Portuguese multicentric sur-
veillance program demonstrated a relatively high fre-
quency of infections caused by these pathogens [14].
Case reports have documented the presence of IFD
established by other endemic fungi such as Paracoc-
cidioides brasiliensis and Histoplasma spp. [14, 15],
which could be explained by the significant influx of
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immigrants from Africa and Brazil [39]. While our
study did not report these endemic fungi, not all eli-
gible institutions were surveyed and there is also the
possibility of misdiagnosis or underdiagnosis at the
participating centers. With this in mind, it is crucial
to consider endemic mycoses in the clinical diagnosis
of immunocompromised patients who were born in or
traveled to endemic areas.

Direct microscopy is the method of choice in
Portugal and Europe for fungal identification [19].
Among the stainings used, China/India ink and
Giemsa are the most commonly accessible. Despite
China/India ink being mostly used for Cryptococ-
cus detection and associated with low sensitivity, its
accessible price puts it on top of the available stains
[40, 41]. The popularity of Giemsa stain might be
explained not only by its efficient staining but also by
its cost-effectiveness. Conversely, the fluorescent dye
calcofluor white is a very scarce resource across insti-
tutions due to its comparatively higher costs, compro-
mising the identification of Aspergillus and Mucor-
ales, for which it is strongly recommended [42-44].
This limitation is in line with what has been reported
among European institutions, where countries with a
GDP inferior to 45,0008, such as Portugal, had lim-
ited or no access to this fluorescent dye [19].

Besides microscopy, the identification of fungal
species involved predominantly automated identi-
fication, biochemical tests, and mounting medium.
Of note, while in countries with a GDP exceeding
$45,000, advanced and expensive diagnostic tech-
niques were generally more accessible, countries
with lower GDPs relied more frequently on more
cost-effective techniques, considered obsolete, and
surpassed by superior methods in high-income coun-
tries. These observations illustrate how the effective-
ness of IFD diagnosis is influenced by the economic
power of a country and how patient outcomes are
contingent upon this factor. Of interest, MALDI-TOF
MS was the most commonly available resource after
automated identification and biochemical tests, being
the most effective platform for microorganism identi-
fication [45]. Strong performance and notable invest-
ment-to-return ratios have rendered Portugal well-
prepared in the most recent Euro Health Consumer
Index Report (2018), an annual classification of
national healthcare systems in Europe [46]. This phi-
losophy adopted by the NHS might explain the high
availability of MALDI-TOF MS, despite its price.

@ Springer

Antibody and antigen detection assays are readily
available, with over half of the institutions outsourc-
ing these techniques. The exception is the detection
of Cryptococcus spp. antigen, which is primarily
conducted onsite. Molecular diagnosis is also often
performed by external entities, although Preumo-
cystis spp. PCR is widely accessible and frequently
performed onsite. It is important to note that while
outsourcing widens the pool of resources available,
it also comes with significant bureaucratic processes,
including requests and approvals that can cause delays
in responses, hindering timely clinical decisions.
Hence, prioritizing the implementation of onsite
resources should be a primary focus when aiming to
improve the diagnosis and treatment of IFD.

The frequency of antifungal susceptibility test-
ing in Portugal is lower than the overall European
frequency [19]. Antifungal susceptibility testing is a
resource in need of improvement, as its availability
is not only below the European average but also the
number of institutions conducting it onsite is limited.
However, it is important to mention that Portugal is
still ahead of other non-European countries, namely
from the African continent [30], and Latin America
and the Caribbean [47], which have significantly
larger populations and face critical situations regard-
ing fungal infections.

In recent years, the emergence of azole-resistant
Aspergillus strains has substantially risen in Portugal,
with the use of antifungal drugs per capita increas-
ing more than in other European countries [48-50].
The release of over-the-counter antifungals and the
increased industry marketing have encouraged and
promoted self-medication, enabling uncontrolled,
inadequate, and prolonged azole utilization. Moreo-
ver, azoles are also widely used in the agriculture and
wood industry, contributing to prolonged exposure
and resistance development [51-53]. To tackle this
concern and prevent therapeutic failures, it is crucial
to prioritize antifungal susceptibility testing of clini-
cal isolates. This practice ensures the accurate iden-
tification of fungal species to tailor antifungal treat-
ment strategies, avoiding the emergence of resistant
strains. Despite Portugal being well-prepared in com-
parison to other European countries, this is still an
area requiring improvement, as susceptibility testing
should be performed routinely and include both yeast
and mold-directed tests. A straightforward approach
to help mitigate this challenge could involve, for
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instance, the use of multiplex real-time PCR assays,
which would allow for the direct differentiation
between susceptible and resistant strains.

According to the WHO, the most essential systemic
antifungals encompass amphotericin B, in deoxy-
cholate and liposomal formulations, anidulafungin,
caspofungin, fluconazole, flucytosine, itraconazole,
micafungin, and voriconazole [54]. Amphotericin B
deoxycholate and lipid complex, anidulafungin, and
flucytosine presented the lowest availability among
Portuguese institutions. These numbers might be
explained in part by the high anidulafungin costs when
compared to other interchangeable echinocandins and
the difficulties in acquiring amphotericin B deoxycho-
late and flucytosine in Portugal [55]. It is worth noting,
however, that not all participating institutions have the
ability to administer antifungal treatment, as they do
not operate as treating centers. Despite the remaining
drugs presenting better availability, Portugal still falls
behind the European average for median-income coun-
tries in terms of access to echinocandins and triazoles,
suggesting it might not be adequately prepared com-
pared to counterparts with similar economic profiles.
For instance, despite Candida spp. being perceived as
the most significant fungal pathogen, echinocandins
are the least frequently used antifungal. Our study thus
highlights the need to improve the accessibility and
distribution of antifungal drugs in Portugal to align
with the country’s specific fungal pathogen profile.

Portugal is still very much behind concerning
TDM, with only a few institutions with the capacity
to conduct such analyses. This process holds signifi-
cant importance as it provides insight into appropriate
drug dosages and potential adverse effects, enabling
treatment optimizations [56]. Besides flucytosine,
only the prescription of certain triazoles is monitored
in these institutions. This represents a critical limita-
tion since not all the antifungal classes are being cov-
ered, with a specific focus on echinocandins, which
should be of special interest due to the high inci-
dence of invasive Candida infections. This situation
is particularly worrisome as most of the limited TDM
procedures conducted are outsourced, and given the
often inability to resort to the same provider this fol-
low-up service.

Our study has several limitations that should be
acknowledged. The available information and data
do not include all the institutions that manage IFD in
Portugal. Also important is the lack of information

concerning the turnaround time of the available tests,
particularly when outsourced, as this could impact
the clinical effectiveness of such tests. The absence of
data regarding the outsourcing of critical techniques,
namely DNA sequencing and antifungal susceptibility
testing, is also a limitation. Finally, data collection for
this survey took place during the COVID-19 pandemic.
This context may have imposed time restrictions and
increased workload on laboratory professionals, micro-
biologists, and infectious disease specialists, potentially
affecting the accuracy of the survey. Furthermore, the
data obtained from institutions with greater experi-
ence and capacity in diagnosing and treating IFD may
not fully represent smaller institutions. Variations in
resources, expertise, and infrastructure across different
types of healthcare facilities can significantly impact
the management of these infections.

In summary, Portugal is well-prepared to manage
IFD, but there are limitations to be addressed. These
include ensuring widespread access to specific diag-
nostic tools, eliminating the high rates of outsourcing,
improving the availability and suitability of antifungal
drugs, and prioritizing the implementation of TDM
across institutions. Addressing these limitations is cru-
cial for facilitating earlier diagnosis and effective treat-
ment of patients, ultimately improving outcomes in the
management of IFD in Portugal.

Acknowledgements The authors thank all participating insti-
tutions for their contribution and support to the project and all
the individuals and associations that have disseminated the link
to the survey.

Author Contributions JSG and OAC contributed to the
study conception and design, data collection, and analysis. The
manuscript was written by RF, RS, CC, and AC. All authors
read and approved the final manuscript.

Funding Open access funding provided by FCTIFCCN
(b-on). Open Access funding enabled and organized by Pro-
jekt DEAL. Individual funding support was provided by
the Fundag@o para a Ciéncia e a Tecnologia (FCT) (CEEC-
IND/04058/2018 to C.C. and 2022.12062.BD to R.F.).

Declarations

Conflict of interest All the authors declare no competing in-
terest.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative

@ Springer



15

Page 10 of 11

Mycopathologia (2024) 189:15

Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

Arastehfar A, Carvalho A, Houbraken J, Lombardi L,
Garcia-Rubio R, Jenks JD, et al. Aspergillus fumigatus
and aspergillosis: from basics to clinics. Stud Mycol.
2021;100:100115.

Bongomin F, Gago S, Oladele RO, Denning DW. Global
and multi-national prevalence of fungal diseases-esti-
mate precision. J Fungi (Basel). 2017;3(4):57.
Rodrigues ML, Nosanchuk JD. Fungal diseases as
neglected pathogens: a wake-up call to public health
officials. PLoS Negl Trop Dis. 2020;14(2):e0007964.
Benedict K, Jackson BR, Chiller T, Beer KD. Estima-
tion of direct healthcare costs of fungal diseases in the
United States. Clin Infect Dis. 2018;68(11):1791-7.
Cole DC, Govender NP, Chakrabarti A, Sacarlal J,
Denning DW. Improvement of fungal disease iden-
tification and management: combined health sys-
tems and public health approaches. Lancet Infect Dis.
2017;17(12):e412-9.

Lockhart SR, Guarner J. Emerging and reemerging fun-
gal infections. Semin Diagn Pathol. 2019;36(3):177-81.
Friedman DZP, Schwartz IS. Emerging fungal infec-
tions: new patients, new patterns, and new pathogens. J
Fungi (Basel). 2019;5(3):67.

Lewis RE, Cahyame-Zuniga L, Leventakos K, Chamilos
G, Ben-Ami R, Tamboli P, et al. Epidemiology and sites
of involvement of invasive fungal infections in patients
with haematological malignancies: a 20-year autopsy
study. Mycoses. 2013;56(6):638—45.

Salmanton-Garcia J, Sprute R, Stemler J, Bartoletti M,
Dupont D, Valerio M, et al. COVID-19-associated pul-
monary aspergillosis, March-August 2020. Emerg Infect
Dis. 2021;27(4):1077-86.

Hoenigl M, Seidel D, Sprute R, Cunha C, Oliverio M,
Goldman GH, et al. COVID-19-associated fungal infec-
tions. Nat Microbiol. 2022;7(8):1127-40.

Hoenigl M, Seidel D, Carvalho A, Rudramurthy SM,
Arastehfar A, Gangneux JP, et al. The emergence of
COVID-19 associated mucormycosis: a review of cases
from 18 countries. Lancet Microbe. 2022;3(7):e543-52.
Verweij PE, Rijnders BJA, Bruggemann RIM, Azoulay
E, Bassetti M, Blot S, et al. Review of influenza-asso-
ciated pulmonary aspergillosis in ICU patients and pro-
posal for a case definition: an expert opinion. Intensive
Care Med. 2020;46(8):1524-35.

Almeida-Paes R, Bernardes-Engemann AR, da Silva
MB, Pizzini CV, de Abreu AM, de Medeiros MM, et al.

Springer

14.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Immunologic diagnosis of endemic mycoses. J Fungi
(Basel). 2022;8(10):993.

Verissimo C, Toscano C, Ferreira T, Abreu G, Simdes
H, Diogo J, et al. Invasive and subcutaneous infections
caused by filamentous fungi: report from a portuguese
multicentric surveillance program. Microorganisms.
2022;10(5):1010.

. Sabino R, Verissimo C, Brandao J, Martins C, Alves D,

Pais C, et al. Serious fungal infections in Portugal. Eur J
Clin Microbiol Infect Dis. 2017;36(7):1345-52.

. Zhang H, Zhu A. Emerging invasive fungal infections:

clinical features and controversies in diagnosis and treat-
ment processes. Infect Drug Resist. 2020;13:607-15.
Maiiz L, Nieto R, Cantén R, de la Gémez G, Pedrosa E,
Martinez-Garcia MA. Fungi in bronchiectasis: a concise
review. Int J Mol Sci. 2018;19(1):142.

Fang W, Wu J, Cheng M, Zhu X, Du M, Chen C, et al.
Diagnosis of invasive fungal infections: challenges and
recent developments. J Biomed Sci. 2023;30(1):42.
Salmanton-Garcia J, Hoenigl M, Gangneux JP, Segal E,
Alastruey-Izquierdo A, Arikan Akdagli S, et al. The cur-
rent state of laboratory mycology and access to antifungal
treatment in Europe: a European Confederation of Medi-
cal Mycology survey. Lancet Microbe. 2023;4(1):e47-56.
Vena A, Bassetti M, Mezzogori L, Marchesi F, Hoenigl
M, Giacobbe DR, et al. Laboratory and clinical manage-
ment capacity for invasive fungal infections: the Ital-
ian landscape. Infection. 2023. https://doi.org/10.1007/
s15010-023-02084-x.

Riera F, Caeiro JP, Cornely OA, Salmanton-Garcia J.
The Argentinian landscape of mycological diagnos-
tic capacity and treatment accessibility. Med Mycol.
2023;61(6):myad058.

Estatistica INd. Instituto Nacional de Estatistica - Censos
2021. XVI Recenseamento Geral da Populacdo. VI Recen-
seamento Geral da Habitacdo : Resultados definitivos.
Lisboa: INE 2022. https://www.ine.pt/xurl/pub/65586079.
ISSN 0872-6493. ISBN 978-989-25-0619-72021.
Estatistica INd. Estatisticas da Satde: 2021. https://www.
ine.pt/xurl/pub/11677508 ISSN 2183-1637. ISBN 978-
989-25-0599-2: INE 2023.

Hammond EE, McDonald CS, Vestbo J, Denning DW.
The global impact of Aspergillus infection on COPD.
BMC Pulm Med. 2020;20(1):241.

Moss RB. Treatment options in severe fungal asthma and
allergic bronchopulmonary aspergillosis. Eur Respir J.
2014;43(5):1487-500.

OECD, European Union. Health at a Glance: Europe
2022.

WHO. WHO fungal priority pathogens list to guide
research, development and public health action. World
Health Organization (WHO). 2022. https://www.who.int/
publications/i/item/9789240060241.

Salmanton-Garcia J, Hoenigl M, Salzer HJF, Lackner M,
Prattes J, Dichtl K, et al. The Austrian landscape of diag-
nostic capacity and access to treatment for invasive fungal
infections. Mycoses. 2023;66(12):1056-63.
Salmanton-Garcia J, Au WY, Hoenigl M, Chai LYA,
Badali H, Basher A, et al. The current state of labora-
tory mycology in Asia/Pacific: A survey from the Euro-
pean Confederation of Medical Mycology (ECMM) and


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s15010-023-02084-x
https://doi.org/10.1007/s15010-023-02084-x
https://www.ine.pt/xurl/pub/65586079
https://www.ine.pt/xurl/pub/11677508
https://www.ine.pt/xurl/pub/11677508
https://www.who.int/publications/i/item/9789240060241
https://www.who.int/publications/i/item/9789240060241

Mycopathologia (2024) 189:15

Page 11 of 11 15

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

International Society for Human and Animal Mycology
(ISHAM). Int J Antimicrob Agents. 2023;61(3):106718.
Driemeyer C, Falci DR, Oladele RO, Bongomin F,
Ocansey BK, Govender NP, et al. The current state of
clinical mycology in Africa: a European Confedera-
tion of Medical Mycology and International Society for
Human and Animal Mycology survey. Lancet Microbe.
2022;3(6):e464-70.

Pagano L, Caira M, Candoni A, Offidani M, Fianchi
L, Martino B, et al. The epidemiology of fun-
gal infections in patients with hematologic malig-
nancies: the SEIFEM-2004 study. Haematologica.
2006;91(8):1068-75.

Lass-Florl C. The changing face of epidemiol-
ogy of invasive fungal disease in Europe. Mycoses.
2009;52(3):197-205.

Rodriguez-Tudela JL, Alastruey-Izquierdo A, Gago S,
Cuenca-Estrella M, Leén C, Miro JM, et al. Burden of
serious fungal infections in Spain. Clin Microbiol Infect.
2015;21(2):183-9.

Lagrou K, Maertens J, Van Even E, Denning DW. Bur-
den of serious fungal infections in Belgium. Mycoses.
2015;58(S5):1-5.

Chrdle A, Na M, Vasakova M, Haber J, Denning DW.
Burden of serious fungal infections in the Czech Republic.
Mycoses. 2015;58(S5):6—-14.

Camacho I, Lega R, Sardinha D, Fernandez M, Camacho
R. Drivers of Fusarium dispersion in Madeira Archipel-
ago (Portugal). Summa Phytopathol. 2022;48(1):9-16.
Zakaria L. Fusarium species associated with diseases of
major tropical fruit crops. Horticulturae. 2023;9(3):322.
Nucci M, Anaissie E. Invasive fusariosis. Clin Microbiol
Rev. 2023;36(4):e00159-e222.

Cardoso JC. Immigration to Portugal. J Immigr Refug
Stud. 2007;4(4):3-18.

Zhao Y, Ye L, Zhao F, Zhang L, Lu Z, Chu T, et al. Cryp-
tococcus neoformans, a global threat to human health.
Infect Dis Poverty. 2023;12(1):20.

Vianna CMM, Mosegui GBG. Cost-effectiveness analy-
sis of the implementation of Cryptococcal Antigen lateral
flow assay for the diagnosis of Cryptococcal Meningitis in
symptomatic people living with human immunodeficiency
virus in Brazil. Value Health Reg Issues. 2022;29:53-9.
Cornely OA, Alastruey-Izquierdo A, Arenz D, Chen
SCA, Dannaoui E, Hochhegger B, et al. Global guide-
line for the diagnosis and management of mucormycosis:
an initiative of the European Confederation of Medical
Mycology in cooperation with the Mycoses Study Group
Education and Research Consortium. Lancet Infect Dis.
2019;19(12):e405-21.

Prakash R, Prashanth HV, Ragunatha S, Kapoor M, Ani-
tha TK, Krishnamurthy V. Comparative study of efficacy,
rapidity of detection, and cost-effectiveness of potassium
hydroxide, calcofluor white, and Chicago sky blue stains
in the diagnosis of dermatophytoses. Int J Dermatol.
2016;55(4):e172-5.

Ullmann AJ, Aguado JM, Arikan-Akdagli S, Den-
ning DW, Groll AH, Lagrou K, et al. Diagnosis and

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

management of Aspergillus diseases: executive summary
of the 2017 ESCMID-ECMM-ERS guideline. Clin Micro-
biol Infect. 2018;24(Suppl 1):e1-38.

Rodriguez-Sanchez B, Cercenado E, Coste AT, Greub
G. Review of the impact of MALDI-TOF MS in pub-
lic health and hospital hygiene, 2018. Euro Surveill.
2019;24(4):1800193.

Powerhouse HC. Euro Health Consumer Index 2018.
Falci DR, Pasqualotto AC. Clinical mycology in Latin
America and the Caribbean: a snapshot of diagnostic and
therapeutic capabilities. Mycoses. 2019;62(4):368-73.

da Manuel SAM, Cruz L, Pina-Vaz C, Gongalves-Rod-
rigues A. An overview about the medical use of antifun-
gals in Portugal in the last years. J Public Health Policy.
2016;37(2):200-15.

Pinto E, Monteiro C, Maia M, Faria MA, Lopes V, Lamei-
ras C, et al. Aspergillus species and antifungals suscepti-
bility in clinical setting in the North of Portugal: cryptic
species and emerging azoles resistance in A. fumigatus.
Front Microbiol. 2018;9:1656.

Gongalves P, Melo A, Dias M, Almeida B, Caetano LA,
Verissimo C, et al. Azole-resistant Aspergillus fumiga-
tus Harboring the TR(34)/L98H mutation: first report
in Portugal in environmental samples. Microorganisms.
2020;9(1):57.

Faria-Ramos I, Farinha S, Neves-Maia J, Tavares PR,
Miranda IM, Estevinho LM, et al. Development of cross-
resistance by Aspergillus fumigatus to clinical azoles
following exposure to prochloraz, an agricultural azole.
BMC Microbiol. 2014;14(1):155.

Jgrgensen LN, Heick TM. Azole use in agriculture, hor-
ticulture, and wood preservation—Is it indispensable?
Front Cell Infect Microbiol. 2021;11:730297.

Berger S, El Chazli Y, Babu AF, Coste AT. Azole resist-
ance in Aspergillus fumigatus: a consequence of antifun-
gal use in agriculture? Front Microbiol. 2017;8:1024.
WHO. WHO. World Health Organization model list of
essential in vitro diagnostics 2021. https:/www.who.int/
publications/i/item/9789240019102.

Sprute R, Duda S, Liekweg A, Simon M, Cornely OA.
The silent flucytosine shortage in Europe—not a distant
problem. Lancet Reg Health Eur. 2023;30:100658.
McCreary EK, Davis MR, Narayanan N, Andes DR, Cat-
taneo D, Christian R, et al. Utility of triazole antifungal
therapeutic drug monitoring: Insights from the Soci-
ety of Infectious Diseases Pharmacists: Endorsed by the
Mycoses Study Group Education and Research Consor-
tium. Pharmacotherapy. 2023;43(10):1043-50.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer


https://www.who.int/publications/i/item/9789240019102
https://www.who.int/publications/i/item/9789240019102

	Multicentric Study on the Clinical Mycology Capacity and Access to Antifungal Treatment in Portugal
	Abstract 
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements 
	References




