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Abstract:
One of the most problematic issues in hematological malignancies is the diagnosis of invasive fungal diseases. Especially, the
difficulty of mycological diagnosis and the necessity of immediate intervention in molds have led to the adoption of “surrogate
markers” that do not verify but rather strongly suggest fungal infection. The markers commonly used are galactomannan (GM),
beta-glucan, and imaging methods. Although there are numerous studies on these diagnostic approaches, none of these markers
serve as a support for the clinician, as is the case in human immunodeficiency virus (HIV) or cytomegalovirus (CMV) infections.
This paper has been prepared to explain the diagnostic tests. As molecular tests have not been standardized and are not used
routinely in the clinics, they will not be mentioned here.
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Özet:
Hematolojik malignitelerin tedavisinde önemli sorunlardan birisi de invazif fungal infeksiyonların tanısıdır. Mikolojik tanıdaki
zorluklar ve hızlı müdahele etme gerekliliği, küf mantarlarının tanısında dolaylı işaretleyicilerin geliştirilmesine yol açmıştır.
En sık kullanılan tanı testleri galaktomannan, beta-glukan ve moleküler yöntemlerdir. Her ne kadar bu tanı yöntemleri ile ilgili
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çok sayıda araştırma yapılmakta ise de, hiçbiri HIV ya da CMV’de olduğu gibi doğrudan yarar sağlamamaktadır. Tanı ile ilgili
bu yazı klinisyene eldeki araçları kullanma konusunda yol göstermeyi amaçlamaktadır. Moleküler testlere henüz standardize
edilmediği ve klinik kullanıma girmediği için bu yazıda değinilmeyecektir.
Anahtar Sözcükler: Tanı, İnvazif fungal infeksiyon, Görüntüleme, Seroloji
Introduction
One of the most problematic issues in hematological
malignancies is the diagnosis of invasive fungal diseases. In
particular, the difficulty of mycological diagnosis and the
necessity of immediate intervention in cases of molds have
led to the adoption of “surrogate markers” that do not verify
but rather strongly suggest fungal infection. The markers
commonly used are galactomannan (GM), beta-glucan, and
imaging methods. Although there are numerous studies on
these diagnostic approaches, none of these markers serve as
support for the clinician, as in human immunodeficiency
virus (HIV) or cytomegalovirus (CMV) infections. This
paper has been prepared to explain the diagnostic tests. As
molecular tests have not been standardized and are not used
routinely in clinics, they will not be mentioned here.
Conventional Microbiological Diagnostic Methods
Clinical manifestations of invasive fungal infections
(IFIs) generally are not agent-specific. Therefore,
radiological, histopathological, and microbiological features
are important in diagnosis. Although the radiological and
histopathological findings are very important and provide
possible evidence, the causative agent should be grown in
culture and preferably be identified to the species level for
definitive diagnosis. Accordingly, conventional (classical)
microbiological diagnostic methods remain the gold
standard in the diagnosis of IFIs [1,2,3,4].

be acquired by histopathological evaluation of the biopsy
samples. The staining methods used in microbiological
and histopathological evaluation for the diagnosis of
opportunistic mycoses and the goals of use are summarized
in Table 1 [5,6].
Culture
The isolation of fungi in culture is a conventional
method, which remains the gold standard in providing
the definitive diagnosis of IFIs. The collection of sufficient
amounts of appropriate sample, rapid transport of the
specimen to the laboratory, the informing of the laboratory
of the tentative clinical diagnosis, and performance of the
laboratory examinations without delay according to standard
recommendations are among the main factors affecting the
success of a culture [5,6,7]. The culture method carries some
disadvantages along with important advantages; therefore,
the use of additional serological diagnostic methods,
particularly those aimed at early diagnosis, is recommended
along with culture. The advantages and disadvantages related
to the culture method [4,8,9] are presented in Table 2.
Available Guidelines Related to the Microbiological
Diagnosis of Invasive Fungal Infections
In previous years, guidelines for or involving sections on
fungal infection diagnosis have been published. The names
and major content of these guidelines are summarized in
Table 3.

Conventional Microbiological Diagnostic Methods and
Current Guidelines

Recommendations for Direct Microscopic Examination
and Culture Applications

Direct microscopic examination and culture of the
clinical samples constitute the conventional microbiological
diagnostic methods.

Direct microscopic examination and culture are the main
indispensable methods for IFI diagnosis. Direct microscopic
examination, due to its advantages such as being rapid
and providing a possible pre-diagnosis, should necessarily
be performed. The culture method, with advantages such
as identification of the causative agent at species level and
accordingly prediction of antifungal susceptibility profile at
the species level further allowing performance of antifungal
susceptibility tests for that strain, is the gold standard that
should be performed as the fundamental diagnostic method
whenever possible. The use of culture in diagnosis has also
received the highest recommendation level as the main
diagnostic method in the current guidelines.

Direct Microscopic Examination
Direct microscopic examination of the sample is a rapid
and practical method that provides a chance for a possible
pre-diagnosis. The results of direct microscopy also allow
the interpretation of culture contamination in specimens
from which a mold is isolated later. The major factors
affecting the sensitivity of direct microscopic examination
include the collection of a sufficient volume of a suitable
clinical sample, application of staining methods within the
frame of related principles, and performance of microscopic
examination by experienced people on a sample involving
the whole specimen. The sensitivity of direct microscopy
widely varies depending on these factors. In order to
evaluate the microscopic structures of fungi, different stains
and wet coating methods can be used. Furthermore, very
important evidence for the diagnosis of fungal infections can

Diagnosis of Fungemia: Isolation of Fungi in Blood
Cultures
Principles of collecting samples for the isolation of fungi
in blood culture are the same as the standard principles of
blood culture [3]. Blood culture is an important method
for the isolation of Candida, Fusarium, Scedosporium,
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thermally dimorphic fungi causing endemic mycosis, and
the other yeasts with clinical importance [Blastoschizomyces
(Saprochaete), Rhodotorula, Trichosporon, etc.] and for the
diagnosis of infections caused by these fungi. If the fact that
Turkey is not in an endemic region for thermally dimorphic
fungi is considered, excluding possible travel-related
infections, isolation of fungi causing endemic mycosis from
blood does not carry primary importance. Fungi other
than those causing endemic mycoses and expected to be
isolated in blood culture can be isolated in blood culture
at varying rates in our country, with Candida spp. being the

leading isolate. However, the sensitivity of blood culture in
candidemia diagnosis is generally below the desired level.
Autopsy studies show that candidemia can be diagnosed by
blood culture in 50-70% of cases [10,11].
Different methods or parameters are being tested
to enhance the sensitivity of blood culture in fungemia
diagnosis, and the leading methods are lysis centrifugation
method and use of fungal media. The lysis centrifugation
method is especially recommended for the identification
of dimorphic fungi in blood culture [12]. However,
studies published in previous years, particularly those

Table 1. Direct microscopic examination methods used in the diagnosis of opportunistic mycoses [5,6].

Method

Aim of Use

Frequently Observed Structures

Wet-mount potassium hydroxide
(KOH) preparation

By dissolution of organic matter in
the sample, allows detection of a
possible fungus in the sample more
easily

Hyphae, arthroconidia

Wet-mount method using India ink

Visualization of the capsule

Capsule is seen as a “halo” that surrounds
the yeast cell

Gram staining

Especially in detecting yeasts

Gram-positive, budding yeast cells
(+pseudohyphae, -real hyphae)

Fluorescent staining with calcofluor-white

Performed to increase the probability of detecting microscopic fungal
structures

Hyphae, arthroconidia

Immunofluorescence staining/Giemsa

Detection of Pneumocystis jirovecii

Cyst/trophozoite

Gomori’s methenamine silver
(GMS) staining

Histopathological examination of
tissue samples regarding all fungal
structures

Hyphae/yeast cells

Table 2. The advantages and disadvantages of culture method in the diagnosis of invasive fungal infections [4,8,9].

Advantages

Disadvantages

It is a “gold standard” method allowing definitive
diagnosis.

Sensitivity and specificity are variable and may be affected by several factors. Sensitivity rates are usually below the desired levels.
Collection of a sufficient volume from the appropriate sample is
among the most important factors affecting sensitivity.

Provides a chance for identification to the genus
and species level.
Helps to estimate the antifungal susceptibility profile (in accordance with the knowledge on primary
resistance).

In the assessment of growth, cutoff of colony-forming units that
can be used in the differentiation of contamination-colonization-infection is not available.
False positive results due to contamination risk are possible (especially for molds).

Allows performance of antifungal susceptibility
As the growth period is long (especially when molds are the caustesting for the causative strain and hence determina- ative agents), its benefit in early diagnosis is limited.
tion of the differences in the susceptibility profile at
strain level.
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involving open systems, reported data indicating that the
use of the lysis centrifugation method might increase the
risk of contamination [4,13]. Beyond that, as the lysis
centrifugation method has been reported to be mainly
useful in the diagnosis of dimorphic fungi, it does not carry
primary importance in Turkey. On the other hand, use of
fungal media has been observed to be important not only
for the isolation of fungi causing endemic mycosis, but also
for the growth duration of yeasts (especially for Candida
glabrata); use of fungal media has been reported to shorten
the isolation period [14,15]. This finding is important, as
C. glabrata is isolated in varying rates in blood culture at
different centers in our country.
When aerobic culture bottles of different automated
systems are used for the isolation of fungi, the isolation rate
of C. glabrata has been demonstrated to differ according to
the automated system used, and the use of fungal media is

particularly recommended with systems yielding low rates
of isolation [16]. Other than that, study data are available
showing that the use of fungal media can be beneficial in
intensive care or hematology cases, where yeast growth
in blood may be found together with resistant or multiple
bacterial growth [14]. In light of these data, although current
guidelines primarily stipulate the use of automated, validated
blood culture systems, they emphasize that the sensitivity of
the system may change depending on the species studied and
the system itself [3]. The knowledge that the use of blood
culture bottles containing fungal media may shorten the
growth period and the recommendation that the decision
related to the use of these media should be made by the
related center also appear in the guidelines [12]. Additionally,
the Infectious Diseases Society of America (IDSA) and the
American Society for Microbiology (ASM) guidelines offer
the use of 2 aerobic blood culture bottles instead of a single

Table 3. The names and contents of new guidelines presenting recommendations related to the microbiological diagnosis
of invasive fungal infections.

Reference
No.

Guideline

Content

CLSI M54-A

Guidelines for implementing methods directed at
identification of fungi by direct microscopic examination and
culture in clinical samples

[12]

ECIL-3 - Guidelines for Classical
Diagnostic Procedures

Classical diagnostic methods used for the diagnosis of IFIs in
leukemia cases

[4]

ECIL - Guidelines for the Use of
Biological Markers

Recommendations related to the use of biological markers
for the diagnosis of IFIs in leukemia cases and hematopoietic
stem cell donors

[22]

ECIL-3 - Guidelines for Mucormycosis

Recommendations for the diagnosis and treatment of
mucormycosis in cases of hematological malignancies

[23]

ESCMID – Guidelines for the Diagnosis Recommendations related to the use of conventional and
[3]
of Candida Diseases
other diagnostic methods in different clinical presentations of
Candida
IDSA-ASM Guidelines

Recommendations for the use of a microbiology
[17]
laboratory in the diagnosis of infectious diseases (presents
recommendations on fungal infection agents along with other
microorganism groups)

ESCMID-ECMM Guidelines for
Phaeohyphomycosis

Recommendations related to the diagnosis and treatment of
systemic phaeohyphomycosis caused by dematiaceous fungi

[24]

ESCMID-ECMM Guidelines for
Hyalohyphomycosis

Recommendations for the diagnosis and treatment of
fusariosis, scedosporiosis, and other hyalohyphomycoses

[25]

ESCMID-ECMM Guidelines for
Mucormycosis

Recommendations related to the diagnosis and treatment of
mucormycosis

[26]

ESCMID-ECMM Guidelines for Rare
Invasive Yeast Infections

Recommendations for the diagnosis and treatment of rare
invasive yeast infections

[27]

CLSI: Clinical and Laboratory Standards Institute, ECIL-3: European Conference on Infections in Leukaemia-3, ESCMID: European Society of Clinical Microbiology
and Infectious Diseases, IDSA: Infectious Diseases Society of America, ASM: American Society for Microbiology, ECMM: European Confederation of Medical Mycology.
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bottle for inoculation as an alternative to inoculation into
fungal media, if yeast fungemia is suspected [17].
Recommendation for the Isolation of Fungi from Blood
Culture
If the conditions of our country are taken into account,
fungi likely to be isolated from blood include Candida spp.,
the other yeasts, and Fusarium spp. In accordance with
the recommendations of the guidelines and the studies
performed using Candida spp., it is recommended that the
decision of using fungal media for inoculation should be
made considering the properties of the automated system
and the patient population of that center.
Routine Antifungal Susceptibility Testing and
Recommendations
Antifungal susceptibility testing should be performed
with certain indications to direct antifungal treatment, not for
all fungal strains isolated in routine practice. The indications
of antifungal susceptibility testing have gained accuracy
mostly for Candida strains, and comprehensive studies on
other fungi, especially Aspergillus, are also being carried out.
The indications for antifungal susceptibility testing include
strains isolated from normally sterile sites, unresponsiveness
to antifungal treatment, history of previous antifungal
treatment use, and decreased susceptibility to antifungal
drug(s) or isolates belonging to a resistant strain. Antifungal
susceptibility testing should be performed and interpreted
using reference methods for antifungal susceptibility tests
from the Clinical and Laboratory Standards Institute (CLSI)
or the European Committee on Antibiotic Susceptibility
Testing (EUCAST) by staff and centers experienced in

antifungal susceptibility testing and educated in mycology
[3,4,18,19,20,21].
Serological Tests
Serological tests, developed to aid in early diagnosis
and recommended to be used along with conventional
methods, are another test group that carries importance
in the microbiological diagnosis of IFIs. Currently, the
important serological tests used in routine practice are the
GM antigen test, beta-glucan test, cryptococcal antigen test,
and combined mannan-anti-mannan testing.
Galactomannan Test
GM is a molecule composed of mannan and
galactofuranose polymers found in the cell wall of Aspergillus
spp. and some other molds (Penicillium and Fusarium spp.)
[28,29]. It may be released into the environment during active
growth of the fungus. It has been shown in several studies
that determination of GM in serum, bronchoalveolar lavage
(BAL) fluid, and other samples by a commercial kit using
the sandwich enzyme immunoassay (EIA) method (Bio-Rad
Laboratories, Marne-La-Coquette, France) is beneficial in
the diagnosis of invasive aspergillosis (IA) [30,31,32,33].
The results are read by a spectrophotometer and expressed
as optical density index. It is strongly (AII) recommended
by the ECIL that it be performed as a screening test in bone
marrow transplants and in patients with hematological
malignancies in whom the incidence of IA is high (5-15%).
Again, strong evidence (AII level) supports screening to
be performed at 2- to 3-day intervals at least twice a week,
and an optical density index of >0.7 in a single sample and
an optical density index of >0.5 in 2 consecutive samples

Table 4. Factors affecting the performance of galactomannan testing.

Factor Affecting
Interpretation
Galactomannan Performance
Patient population

Sensitivity is high in bone marrow transplants with neutropenia and in patients
with hematological malignancies

Site of infection

Sensitivity is low in local infections

Sampling strategy

Sensitivity is high in frequent testing

IA incidence

Sensitivity is higher in cases of GM >7%

The causative Aspergillus spp.

Sensitivity is low in A. fumigatus infections

Molecular configuration of GM

Sensitivity is low if the specific epitope in the side chain of GM is <4

Exposure to antifungal agent

Sensitivity is low in patients receiving treatment or prophylaxis

Semi-synthetic β-lactam antibiotics

May lead to false positive results

Infection caused by rare molds

Cross-reaction in Fusarium infections

Nutritional factors

False positive results by GM-containing food

Laboratory experience

Pre-treatment of the samples is a critical step that may lead to false positive and
false negative results
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suggests IA [22]. It is important to continue screening in
patients diagnosed with IA by GM testing (BII) and it was
demonstrated in studies that not observing a decrease in
optical density may be related to poor prognosis [34].
Additionally, revised European Organization for Research
and Treatment of Cancer/Mycoses Study Group (EORTC/
MSG) criteria emphasize that probable IA diagnosis can be
made by GM positivity even if conventional microbiological
evidence is not available [35].
There are several factors affecting the performance of
the GM test. These factors are summarized in Table 4. It
is emphasized that there may be false negative results in
non-neutropenic patients receiving antifungal prophylaxis/
treatment and in local infections, and false positive results
in patients with Fusarium infections and in those receiving
semi-synthetic β-lactam antibiotics [28,36,37,38,39,40].
However, recent studies showed a very low rate of false
positive GM related to piperacillin/tazobactam, which was
considered as the most common antibiotic associated with
false GM results [41,42,43]. Such kind of false positive
results can be avoided by obtaining the serum sample just
before the next dose of semi-synthetic β-lactam antibiotics
[44].

(bone marrow transplants and patients with hematological
malignancies) are followed, if a result can be achieved in
24 h and if computed tomography (CT) is available, it is
recommended to be used as a screening test. In Turkey, GM
testing twice a week for hospitalized patients is covered by
reimbursement. Multidisciplinary follow-up is needed in
high-risk patients and performance of bronchoscopy and
BAL GM analysis after CT is important to exclude or support
the diagnosis. There is a decrease in the sensitivity of GM
testing, and especially serum GM, in patients receiving
prophylaxis. It can be used as a diagnostic test when clinical
findings develop in this kind of patient or at centers where
scanning cannot be performed. However, it should not be
forgotten that this is a supplementary test that should always
be used together with other data.
1,3-beta-D-Glucan Test

There are also various factors affecting the performance
of BAL GM testing. While the use of antifungal drugs active
in molds leads to an apparent decrease in sensitivity, no
significant difference could be found related to Aspergillus
spp. Furthermore, there is no difference in the sensitivity of
BAL GM in patients with or without neutropenia [45,50].
Similar to serum GM testing, the use of semi-synthetic
β-lactam antibiotics may lead to false positive results [45].
The standardization of bronchoscopy and bronchoscopic
material is the most urgent problem that should be solved
regarding BAL GM testing.

The 1,3-beta-D-glucan (BG) test is one of the promising
non-culture-based early diagnostic tests for the diagnosis of
IFIs. BG is a cell wall component of many fungi, especially
Candida and Aspergillus spp. [51,52]. This test is based
on the reaction of BG with factor G of the horseshoe crab
coagulation cascade. In a preliminary study of 30 candidemic
patients and 30 healthy controls, a serum BG level of 60 pg/
mL was chosen as the cutoff. After determining this cutoff
value, the BG test was evaluated in 283 patients with acute
myeloid leukemia or myelodysplastic syndrome and the
sensitivity, specificity, and negative predictive value of the
test in proven and probable IFIs was 100%, 90%, and 100%,
respectively [51]. Later, a cutoff value of 80 pg/mL, which
is the currently accepted positive cutoff value for the test,
was found to have better specificity in a multicenter study
[53]. In an in vitro study, reactivity of 127 clinical fungal
isolates belonging to 40 different genera was evaluated with
the Glucatell assay [54]. Compared with the reactivity of
Aspergillus spp. with the BG test, Bipolaris spicifera, Sporothrix
schenckii, Wangiella dermatitidis, and Penicillium marneffei
isolates showed stronger reactivity and Paecilomyces spp.,
Scopulariopsis spp., Fusarium spp., Phialophora verrucosa,
and Exophiala jeanselmei showed some reactivity. Among the
tested clinical yeast isolates, Saccharomyces spp., Rhodotorula
rubra, and Trichosporon asahii were found to have similar
test reactivity when compared to Candida spp. In a clinical
study, sensitivity of the BG test for the diagnosis of Candida
parapsilosis was found to be lower compared to other
Candida spp. (78% vs. 90%, respectively) [53]. This test can
also be positive in Pneumocystis jirovecii infections and the
sensitivity of the test is very high: 96%, with a specificity of
84% [55]. The performance of the test in BAL fluid was also
evaluated; however, the sensitivity of detecting an IFI using
BAL specimens was not significantly increased over testing
of serum alone [56].

Conclusively, GM is a biomarker that can be used along
with clinical, radiological, and conventional microbiological
tests in IA diagnosis. In centers where high-risk patients

The BG test is usually not positive in the case of fungal
colonization, and detection of circulating BG levels may
be used as a surrogate marker not only for diagnosing IFIs

Other than serum, GM testing can be performed in BAL
fluid. It was reported in all meta-analyses that the sensitivity
of BAL GM is higher and the specificity is lower than that
of serum GM testing [45,46,47]. It is recommended to
perform GM analysis in bronchoscopic samples of patients
at high risk of IA as its negative predictive value is high.
It was pointed out that a BAL GM optical index of <0.5
excludes IA diagnosis, whereas an optical index of >3
supports definitive diagnosis [48,49]. The values between
these 2 limits are debatable. However, it is recommended
in meta-analyses that the cutoff index value be taken as 1.5
in patients with hematological malignancies and 1 in mixed
patient populations [45,46]. A study comparing culture and
GM in BAL fluid samples emphasized that growth might
be expected when the optical index is >1, and a correlation
with clinical studies was also demonstrated [50].
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but also for assessing the effectiveness of therapy [51,57].
Diagnostic levels and serum kinetics of the BG test were
found to be similar when compared to the GM antigen test
for the diagnosis of IA in neutropenic patients [57]. In the
same study, the combination of BG and GM antigen tests
improved the specificity and positive predictive value to
100%. In another clinical study performed in hematologic
malignancy patients with IA, the sensitivity of the BG test
and GM antigen test was 67% and 38%, respectively [39].
Interestingly, diagnostic accuracy of the GM antigen test
was 13% per serum sample in A. fumigatus-positive patients
compared to 49% positivity in patients with non-fumigatus
Aspergillus spp.; BG test positivity was similar between A.
fumigatus and non-fumigatus Aspergillus spp.
The overall pooled sensitivity and specificity of the
test for the diagnosis of IFIs is 77% and 85% [58]. Those
values seem promising, but there are no prospective
studies evaluating the use of the BG test in the diagnosis
and treatment of IFIs in hematology-oncology patients.
Two consecutive positive antigenemia assays have very
high specificity, positive predictive value, and negative
predictive value but the sensitivity is not satisfactory, so the
BG test needs to be combined with clinical, radiological,
and microbiological findings [59]. Ideal cutoff values and
timing of serum samples (like 2 or 3 times a week) should
be determined. Currently, use of the test at least twice a
week is moderately recommended in some guidelines for the

screening or diagnosis of invasive Aspergillus and Candida
infections [3,22]. Table 5 summarizes the differences
between the GM and BG tests.
Cryptococcal Antigen Tests
The polysaccharide capsule that surrounds Cryptococcus
neoformans is the target structure in serological tests, due
to its antigenic structure. LA and EIA are the methods
accepted in the serological diagnosis of cryptococcosis [22].
The concordance of LA and EIA kits developed by different
companies was found to be higher than 90% [62]. In a
systematic review performed after January 1998 evaluating
7 studies, 6 of which were retrospective, it was reported
that cerebrospinal fluid (CSF) antigen test sensitivity
in cryptococcal meningitis was 97% [63]. Although the
effect of CSF antigen titer on disease prognosis has not
been clearly defined, a CSF or serum antigen titer higher
than 1/512 was associated with disseminated infection and
unresponsiveness to treatment [64,65]. Antigen titer, tested
again at least 7 days after the first test, was reported to
decrease by 4-fold in patients with treatment response [66].
The sensitivity of the serum antigen test was reported to be
between 62% and 67% in pulmonary cryptococcosis and
cases of other organ involvement. Antigen test specificity in
both serum and CSF samples was determined to be 93-100%
[64,65,66,67]. Serum antigen positivity has been reported
in HIV-positive patients with disseminated disease. It should

Table 5. Basic characteristics of galactomannan and 1,3-beta-D-glucan tests including bronchoalveolar lavage [56,60,61].

Galactomannan

1,3-beta-D-glucan

Diagnostic spectrum

Aspergillusa

Panfungalb

Method

‘Sandwich’ ELISA
Latex agglutination

Calorimetric

Commercial kit

Bio-Rad (France)
Pastorex Aspergillus

Fungitell (USA)
Fungitec-G MK (Japan)
Wako (Japan)
Maruha (Japan)

Cutoff (serum)
BAL

0.5-1.5
1

Fungitell, 80 pg/mL
Others, 11-20 pg/mL

Early diagnosis

5-8 days

3-10 days

Serum, plasma
Sensitivity
Specificity

29%-100%
20%-100%

47%-98%
86%-98%

BAL (sensitivity, specificity)

56%-100%, 76%-100%

50%-93%, 55%-73%

Use in monitoring treatment

+

Ø

Cost

+

++

aBe cautious in positivity to Penicillium, Histoplasma capsulatum, and Fusarium.
bExcept Mucorales and Cryptococcus neoformans.
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be taken into account that serum antigen tests may give
false negative results in cancer patients [22]. False positive
test results at low titers were reported more frequently in
LA tests than in EIA. False negative results are more likely
with kits where clinical samples are not pre-treated with
pronase [68]. In a study performed between January 1989
and December 1999, 3828 CSF cryptococcal antigen tests
of cancer patients were evaluated, and positive results were
reported in 12 patients (0.3%). Six of these patients were
found to have other conditions involving the central nervous
system and it was recommended that test results of such
patients be interpreted carefully because of probable false
positive results [69]. Cryptococcal antigen testing in serum
and CSF samples of patients with cryptococcal meningitis
and disseminated cryptococcosis is recommended with
an AII evidence level, and the use of the test in following
treatment response is recommended with a CIII evidence
level by the ECIL [22].
Although cryptococcosis is not a common disease in
Turkey, cryptococcal meningitis should be included in the
differential diagnosis of central nervous system disorders
of stem cell transplants or patients treated with intense
chemotherapy regimens, and cryptococcal antigen testing
should be performed on the CSF samples of such patients.
Mannan/Anti-Mannan Tests
Determination of mannan antigen (Mn) and antimannan antibody (A-Mn) by ELISA method has become
one of the most frequently used serological methods in the
diagnosis of invasive candidiasis [22]. A systematic review,
evaluating 14 studies (13 retrospective, 1 prospective)
including a total of 1220 patients (453 invasive candidiasis
cases, 767 controls), reported that when performed
separately the sensitivity of Mn and A-Mn tests was 58% and
59%, respectively, whereas the specificity was 93% for Mn
and 83% for A-Mn. However, if the positivity of one of these
tests (Mn/A-Mn combination) is considered to be sufficient
for diagnosis, sensitivity reaches 83% without a significant
decrease in specificity (86%) [70]. In 73% of 45 patients
with candidemia, at least one of the tests yielded positive
results 6-7 days before the culture results were available, and
in 21 patients who developed hepatosplenic candidiasis, a
positive result was achieved approximately 16 days before
the culture results [71,72]. Among Candida spp., the highest
sensitivity was achieved for Candida albicans [70]. Seven
of the studies evaluated in this review were performed in
cancer patients, while the other 7 studies were carried out in
intensive care units and surgery clinics. The heterogeneity
of the methods used in the studies is intriguing. When the
hematology-oncology patients were evaluated as a subgroup,
the sensitivity of the test was 71-100% and the specificity
ranged between 53% and 92% [70]. It was reported that
response to Mn was especially significant after resolution of
neutropenia [73]. A study that compared the Mn, A-Mn, and
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BG test results in 56 candidemia patients, including 9 stem
cell transplants or patients with hematological malignancies
and 12 patients with solid tumors, reported the sensitivity
of the tests as 58.9%, 62.5%, and 87.5%, respectively, and
the specificity as 97.5%, 65%, and 85.5%, respectively. While
the diagnostic sensitivity of the Mn/A-Mn combination
increased to 89.3%, specificity remained at 63% [74]. ECIL
guidelines recommend the use of Mn and A-Mn together
with an evidence level of BII, and the use of Mn/A-Mn
combination in the diagnosis of hepatosplenic candidiasis
with an evidence level of BIII and in the diagnosis of
candidemia in hematology-oncology patients with evidence
level CII. In the same guidelines, the use of the BG test in
the diagnosis of invasive fungal disease is recommended at
the BII evidence level [22]. In the ESCMID guidelines for
the diagnosis of Candida infections, the use of Mn/A-Mn
combination is recommended with the same evidence level
as the use of BG.
Recommendation
Considering the economic burden of performing 2
separate tests for the Mn/A-Mn combination, the similar
clinical pictures in cancer patients with several other fungi
besides Candida, and the panfungal character of the BG test
contributing to the diagnosis of most of these conditions, the
use of the BG test seems to be more suitable in neutropenic
cancer patients in Turkey. Each center should decide which
test they will use according to the incidence of invasive
fungal disease, technical infrastructure, and target patient
groups.
Radiological Diagnosis of Invasive Fungal Infections
CT is a more sensitive imaging method than chest X-ray
in the diagnosis and differential diagnosis of pulmonary
infections in immunosuppressed patients. CT is particularly
indicated if chest X-ray is normal or near normal in patients
suspected of pulmonary infections [75,76]. Currently,
the entire lung can be scanned in a single breath-hold
with multislice spiral CT (MSCT) systems. Continuously
acquired slices of 5 mm in thickness can be used in routine
evaluation. However, in order to identify the halo sign seen
in fungal infections, thinner slices (1-2 mm) should be used
in evaluation. The resolution of thin slices obtained with
MSCT is sufficient to determine parenchymal lesions, and
the use of classical high-resolution CT (HRCT) technique
before MSCT is not necessary. MSCT especially provides
better imaging than HRCT in patients who cannot hold their
breath. However, while HRCT scans obtained in the prone
position are helpful in the diagnosis of patients suspected
of early fibrosis, HRCT scans obtained in expiration phase
aid in the diagnosis of patients suspected of bronchiolitis
obliterans [75].
There is no need to use intravenous contrast media
for MSCT for detection and differential diagnosis of
parenchymal infections in immunosuppressed patients.
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However, at the later stages, if there is suspicion of a rare
vascular complication such as mycotic pulmonary artery
aneurysm or aortic aneurysm, intravenous contrast media
should be used. Intravenous contrast media are used for liver
and spleen imaging of patients suspected of disseminated
candidiasis [75].
Symptoms of IFIs are not specific in immunosuppressed
patients and differential diagnosis from infections caused by
other microorganisms and noninfectious causes should be
made. Therefore, radiologists should be informed in detail
about the history and clinical-laboratory findings (primary
disease, history of chemotherapy or radiotherapy, fever,
respiratory distress, neutropenia, etc.) of the patients when
they are evaluating thoracic CT scans.
Thorax CT Findings in Invasive Fungal Infections
Chest X-ray findings in immunosuppressed neutropenic
patients are nonspecific and the assessment should be done
by CT. A nodule is detected in the thorax CT scans of 82%94% of patients with IFIs; the nodule is generally 1 cm or
more in diameter. Nodules are more frequent in IFIs than in
bacterial or viral infections. In particular, the “halo” sign at
the periphery of the nodule or the “air crescent” sign within
the nodule are findings in favor of IFIs [75,76,77].

Figure 1. Invasive Aspergillus infection showing a nodule
with a halo sign at the periphery (arrows).

The halo sign is a ground-glass opacity surrounding
a nodule or a mass in CT [78]. It was first described as
a sign of hemorrhage around the foci of IA (Figure 1).
Besides Aspergillus infections, it may be seen in Candida
infections and mucormycosis. The halo sign is nonspecific,
and it may be seen in other nodules with hemorrhage or
as an in situ adenocarcinoma at the periphery of invasive
adenocarcinoma. The halo sign is seen more frequently
in patients with hematological malignancies and stem cell
transplants than in solid organ transplants. While a halo sign
is found in the majority of patients with invasive Aspergillus
infection in the first days of infection (88-96%), its prevalence
decreases with the progression of disease and it is present in
18-19% of patients at the end of 2 weeks [79,80].
The reversed halo sign, seen in approximately 4% of
IFIs, is defined as a focal, rounded area of ground-glass
opacity surrounded by a complete or nearly complete ring of
consolidation. While it is seen in 19% of mucormycosis cases,
its prevalence is lower than 1% in Aspergillus infections.
Therefore, the reversed halo sign shows that mucormycosis
should be considered, and it aids in selecting the appropriate
antifungal agent in treatment [81].

Figure 2. Aspergillus infection showing a nodule with
cavitation and air crescent sign (arrow).

At 2-3 weeks after commencement of treatment, along
with the resolution of neutropenia, cavitation develops within
the consolidation or within the nodule. Cavitation usually
shows that prognosis is good. An air crescent sign may be
present or absent. The air crescent sign is a crescent-like air
space within the cavity, separating a mass from the cavity
wall [78] (Figures 2 and 3). Characteristically, it shows that

the infarcted lung is separated from the wall in IA. However,
it can be seen in conditions such as tuberculosis infection,
Wegener granulomatosis, lung cancer, and hemorrhage
within the cavity. Although the air crescent sign is a rare
finding in the early stages of invasive Aspergillus infections,
the prevalence increases with the progression of disease [75].
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The nodule may grow within 10 days of commencing
antifungal treatment in IFIs. Some researchers explained this
by the gathering of immune cells along with the improvement
in bone marrow. Hence, even though the nodule enlarges in
the first 10 days of treatment, if the GM level is low and
the number of neutrophils is high, it is recommended not to
change the antifungal treatment [79,80].

Figure 3. Invasive aspergillosis infection showing nodular
densities, some with cavitation and air crescent signs.

Aspergillus
bronchopneumonia
develops
in
approximately 10% of invasive Aspergillus infections. This
infection, also known as airway IA, is characterized by
the presence of Aspergillus organisms deep in the airway
basement membrane. Clinical manifestations include
bronchopneumonia, tracheobronchitis, and bronchiolitis.
There may be consolidation areas predominantly in the
peribronchiolar regions. Lobar consolidations may be rarely
seen. Generally, there are no radiological findings in acute
tracheobronchitis. In rare cases, there may be thickening
of tracheal or bronchial walls. “Tree-in-bud” signs, which
indicate endobronchiolar or peribronchiolar disease,
and centrilobular nodules may be seen in bronchiolitis.
Centrilobular nodules may also be detected in endobronchial
spread of tuberculosis, atypical tuberculosis infections, viral
pneumonias, and mycoplasma pneumonias. Therefore, when
bronchiolitis findings are detected in a CT scan, primarily
infections related to bacterial or viral microorganisms are
considered, as they are more frequent [76].
There is pulmonary involvement in 30% of cases of
mucormycosis. Radiological findings are not specific;
consolidation, nodule, mass, cavitation, or abscess
development may be seen (Figure 4) [76].

Figure 4. Mucormycosis showing nodular densities, some
with cavitation.

In Pneumocystis jiroveci pneumonia, although chest
X-rays are normal, perihilar ground-glass opacities showing
patchy or geographic distribution can be identified in
HRCT (Figure 5). Frequently, there is interlobular septal
thickening. Cystic changes can be seen in the lungs of
acquired immunodeficiency syndrome (AIDS) patients
receiving prophylaxis [76].
The Diagnosis of Extra-Pulmonary Invasive Fungal
Infections
CT is the method of choice in suspicion of IFIs in the
paranasal sinuses, and magnetic resonance imaging (MRI)
should be performed in cases of suspicion of central nervous
system involvement. Ultrasound, CT, or MRI can be used
for examining the abdomen in disseminated candidiasis;
typically small abscesses with a target-like appearance are
seen in the spleen and liver [82].
Interpretation

Figure 5. Pneumocystis pneumonia showing bilateral,
perihilar ground-glass opacities; the lung periphery is
spared.

Although currently there are various opportunities in the
diagnosis of invasive fungal diseases, their implementation
is somewhat difficult. None of these tests can be used
to directly diagnose invasive fungal disease and they
generally carry more meaning when they are used together.
Radiological diagnosis seems to remain the most rapid and
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easy method to use; however, it carries a risk of false positive
results. Serological tests such as GM, BG, and Mn/A-Mn
are not available at all institutions and carry a risk of false
positive or negative results, and delays in reporting make it
difficult to use them in diagnosis. Molecular approaches are
not yet recommended, as they are not standardized, carry a
risk of false positive results, and do not have widespread use;
however, in the very near future they have the potential to
hold an important place in diagnosis.
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