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Introduction
Mycoses, or infections caused by microscopic fungi, have become 

a serious problem over the past two decades, affecting the morbidity 
and mortality of immunocompromised patients. Difficulties in 
the diagnosis of invasive fungal infections (IFI) lie in the fact that 
diagnosis requires a comprehensive assessment of the research 
results obtained, the clinical condition of the patient and the presence 
of risk factors. The clinical manifestations of fungal infections are 
nonspecific and the final diagnosis depends on invasive procedures, 
which are not always feasible due to the severe condition of the patient 
and concomitant cytopenia. Early diagnosis of these life-threatening 
complications requires rapid, minimally invasive, highly sensitive and 
specific tests, since late diagnosis and delay in therapy are potential 
risk factors for hospital mortality.1

In most cases, the diagnosis of a fungal infection remains 
tentative. It can be confirmed by a combination of positive results of 
histological, microbiological, serological, molecular biological studies 
of primary sterile or potentially sterile material and the presence 
of clinical and instrumental symptoms of lesions of one or another 
organ.2-4 Combinations of clinical, radiological data and serological 
determination of fungal antigens (mannan, galactomannan, (1,3)-β-D-
glucan) are used. The concentration of these antigens depends on 
the degree of invasion of pathogens,5,6 however, the sensitivity and 

specificity may vary depending on the administration of other drugs 
(galactomannan test).7,8 In addition, positive serological test results 
are possible in the absence of infection (with colonization). Therefore, 
the determination of fungal antigens is associated with the possibility 
of obtaining false positive and false negative results, which reduces 
the significance of these tests and does not completely guarantee 
a timely diagnosis. Determination of fungi by PCR is a promising 
method, but at the moment it is not recommended for widespread use 
in clinical practice. Due to the difficulties in diagnosis, international 
criteria for proving invasive fungal infections have been developed, 
which include possible, probable and proven IFIs.9

a. Proven IFI: the patient has clinical signs of IFI and when 
examining biological material from a sterile locus, fungal 
structures are microscopically detected or fungal culture 
growth is obtained;

b. Probable IFI: the immunocompromised patient has clinical 
signs of infection, as well as the presence of fungal elements 
on microscopy or inoculation of a culture of the fungus from 
a potentially sterile locus or positive serological tests (for 
example, a positive galactomannan test for aspergillosis);

c. Possible IFI: the immunocompromised patient is at risk, 
has risk factors and clinical signs of infection, and all 
microbiological studies are negative or not carried out.
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Abstract

Background and purpose: Patients with hematological malignancies are at risk of fungal 
infections and require quick diagnostics infection complications. The following study aimed 
to evaluate the effectiveness and relevance of the use of biomarkers of procalcitonin (PCT), 
C-reactive protein (CRP), galactomannan (GM), and bis (methylthio) gliotoxin (BMGT) in 
the diagnosis of fungal infections in patients with oncological and hematological diseases.

Materials and methods: The prospective study was conducted at the Belarusian Research 
Center for Pediatric Oncology, Hematology, and Immunology from April 2015 to January 
2020. The study included 66 children with malignant hematological diseases aged 1 to 17 
years. Clinical, microbiological, and statistical methods were used in the study.

Results: In the case of fungemia in children with oncological and hematological diseases, 
the PCT level during the infectious episode was significantly lower than with bacterial 
infections of the bloodstream (p = 0.0063); and the СРR level in cases of fungal and 
bacterial infections did not differ significantly (p = 0.1719). Diagnostic study of GM in 
bronchoalveolar lavage had a high predictive value of a negative result (91.7%). The 
method’s sensitivity was higher than in the study of GM in serum (50% versus 0%). There 
was no correlation between serum BMGT levels as measured by HPLC and the presence of 
invasive aspergillosis in children.

Conclusion: An increase in СRP levels with normal PCT levels in immunocompromised 
children with clinical signs of bloodstream infection is indicative of a fungal etiology of the 
disease. Determination of the optical density index of galactomannan in the bronchoalveolar 
fluid is a sensitive marker for diagnosing invasive pulmonary aspergillosis in children. We 
cannot recommend BMGT for the diagnostics of invasive aspergillosis in children.
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In terms of specificity, the culture method remains the “gold 
standard” of laboratory diagnostics of IFI, but it is inferior in 
sensitivity to molecular biological methods. As a rule, yeast fungi 
are secreted in blood cultures, but the sensitivity of blood cultures 
for candidemia is only 63-83%.7 This is a slow and low-sensitivity 
method that is not suitable for early diagnosis.10,11 A false negative 
result of blood culture can be observed with the prophylactic use of 
antifungal agents or empirical therapy.12

Treatment for infections caused by bacterial or fungal microflora 
varies greatly. Unjustified and untimely therapy leads to the 
development of adverse events, toxicity, antibiotic resistance and an 
increased risk of death. All of the above necessitates early identification 
of the etiology of infectious complications in immunocompromised 
oncohematological patients. Among the common diagnostic methods, 
the most commonly used biomarkers are C-reactive protein (CRP) 
and procalcitonin (PCT). The level of CRP, as an acute phase protein, 
increases in many pathological conditions, and an increase in PCT is 
usually associated with bacterial infection.13 There are publications 
on the results of an increased level of CRP and a low level of PCT in 
adult hematological patients with fungal infection in the study of the 
etiology of febrile neutropenia.14

The determination of galactomannan in body fluids was identified in 
2002 by the EORTC/MSG as a diagnostic criterion that was evaluated 
in value as equal to the isolation of fungi of the genus Aspergillus 
or microscopic detection of hyphae from potentially sterile loci. 
Galactomannan test, together with clinical and radiological studies, 
complements the diagnosis of IA. Determination of galactomannan 
in the blood serum of patients with oncological and hematological 
diseases indicates a probable IA.15 Galactomannan is a polysaccharide 
that is part of the cell wall of fungi of the genus Aspergillus, and is 
released during the growth of hyphae. Determination of GM is carried 
out by the enzyme-linked immunosorbent assay in blood serum and 
bronchoalveolar lavage (BAL) fluid, and can also be performed by a 
similar method in cerebrospinal fluid (CSF) and urine.16 This method is 
approved in Europe and in the USA. Other methods for detecting this 
antigen were not sensitive enough for use in diagnostics.17 Circulating 
GM can be detected on average 5-8 days (with a range of 1 to 27 days) 
before the first clinical manifestations, changes on chest radiographs 
or positive cultures of the fungus. In addition, the concentration of 
circulating galactomannan correlates with the degree of tissue invasion 
and can be used to monitor the effectiveness of antifungal therapy. A 
high level of serum galactomannan index correlates with the presence 
of foci in the lungs (p = 0.037) and mortality (p = 0.001).18

It should be noted the frequent appearance of false-positive results 
of galactomannan studies in newborns due to cross-reaction with 
Bifidobacterium bifidum, which are found in high concentration in 
the gastrointestinal tract of children of this age group, cross-reactions 
with Penicillium marneffei or Cryptococcus neoformans. In addition, 
the sensitivity and specificity of the galactomannan test may vary 
depending on the administration of other drugs and transfusions of 
blood components.8,19,20 The use of P-lactam antibacterial agents can 
give false positive test results, which can persist up to 5 days after 
discontinuation of antibiotic therapy.21 False positive results are often 
detected within 100 days after HSCT in patients with chemotherapy- 
induced mucositis or GVHD.22 During this period, bacteria carrying 
cross-reactive antigens can enter the bloodstream through damaged 
mucous membranes of the gastrointestinal tract.23

Many fungi contain galactomannans (or polysaccharides 
containing galactofuranose residues) in the cell wall. False positive 
galactomannan test results can be observed with infections caused 

by these organisms (cross-reactive antigens). These include 
filamentous Ascomycetes, which are characterized by similar clinical 
manifestations, and others (Penicillium, Histoplasma capsulatum).24-26 

Another reason for false positive blood test results for galactomannan 
is food contamination with fungi of the genus Aspergillus or 
Penicillium. Some food products contain galactomannan in the form 
of food additives (for example, guar gum is a food additive included 
in the group of stabilizers, and emulsifiers).27

There is also evidence of false negative results against the 
background of antifungal medical prophylaxis and therapy.28,29 A 
negative test result for serum galactomannan does not exclude the 
presence of other fungal infections, in particular Mucormycosis15 

(fungi of the genus Mucor do not contain specific components ((1- 
3)-P-D-glucan or galactomannan) in the cell wall). The criterion for 
evaluating the test for the determination of GM is a comparison with 
the threshold value of optical density. In multivariate analysis, the 
BAL galactomannan test showed higher sensitivity data compared to 
direct microscopy (83.3% and 46.3%, respectively). With an optical 
density index equal to 1.0 and higher, the analysis of GM in the BAL 
fluid had a higher sensitivity and predictive value of a negative result 
in comparison with PCR and the test for determining GM in blood 
serum. It is a useful adjunct in the diagnosis of probable invasive 
aspergillosis (IA).30

It is known that during the growth of hyphae, fungi produce 
toxins. It is assumed that suppression of host immunity by mycotoxins 
(secondary metabolites released by fungi) is one of the possible 
mechanisms underlying the disruption of the human immune system’s 
resistance to fungal growth and, accordingly, the development of fungal 
diseases.31 These toxins include gliotoxin (GT) and bis(methylthio) 
gliotoxin (BMGT), which are formed during the growth of 
Aspergillus spp., Eurotium Chevalieri, Gliocladium fimbriatum, as 
well as Penicillium and Trichoderma spp. GT has been proposed as 
a diagnostic biomarker for IA.32 GT mediates immunosuppressive 
and proapoptotic effects that determine the virulence of fungi during 
hyphal growth. Most commonly, GT is produced by the Aspergillus 
fumigatus species, which is responsible for most cases of IA. Other 
(non-A.fumigatus) species (A.flavus, A.terreus, A.niger) can also 
produce GT.33-35 Fungi of the genus Candida are the most common 
cause of invasive fungal infections and do not produce GT.36 All 
these characteristics make GT useful as a specific biomarker of IA. 
However, GT is a highly reactive compound and is rapidly absorbed 
by tissues and circulating cells, making it difficult to detect in body 
fluids.37 Conversely, bis(methylthio)gliotoxin, a more stable inactive 
metabolite, is formed by blocking the disulfide bond present in GT 
by methylation. BMGT has been identified in several GT-producing 
fungi, namely A.fumigatus, Penicillium spp., T.virens, Gliocladium 
spp., C.gloeosporoides or Pseudallescheria spp. According to,37 
BMGT production was found in cell cultures of A. fumigatus, A. 
flavus, A. niger, and A. nidulans, but not A. terreus. This study also 
demonstrated that BMGT is produced by a higher percentage of A. 
fumigatus isolates than GT. BMGT is also found in the serum of 
more patients at risk of IA than GT. These results suggest that BMGT 
is a more reliable indicator of infection than GT. Although both 
compounds are readily recovered from human serum or plasma, only 
BMGT is retained in whole blood, indicating that BMGT may be a 
better marker for in vivo detection.

According to the literature, BMGT has a higher sensitivity and 
predictive value of a positive result than galactomannan, and a similar 
specificity and predictive value of a negative result. The results of 
the BMGT study are promising and suggest that BMGT and GM 
can be used in combination to diagnose invasive aspergillosis and 
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to select antifungal therapy. In general, the determination of fungal 
antigens and toxins is associated with the possibility of obtaining false 
positive and false negative results, which reduces the significance of 
these diagnostic methods and does not completely guarantee a timely 
diagnosis. In connection with the problems listed above, it is necessary 
to study diagnostic biomarkers, as well as their combinations.31

Materials and research methods
The prospective study was conducted at the Belarusian Research 

Center for Pediatric Oncology, Hematology and Immunology from 
April 2015 to January 2020. The study included 66 children with 
malignant hematological diseases aged 1 to 17 years. The study used 
clinical, microbiological and statistical methods.

Galactomannan was determined in blood serum and 
bronchoalveolar fluid (lavage) by enzyme immunoassay 
(PLATELIATM test, Bio-Rad Laboratories, France). A positive result 
of determining the optical density index of serum galactomannan 
was considered a single level of 0.7 or higher or two consecutive 
results of 0.5 and higher;38 and galactomannan of bronchoalveolar 
fluid-1.0 and higher.9 A false positive result for the determination 
of galactomannan was considered the result of a study in which 
the optical density index of GM in the test sample was equal to or 
exceeded the established diagnostic value in the absence of isolation 
of Aspergillus micromycetes from clinically significant biological 
material (fungal infection was not microbiologically confirmed). 
A false negative result for the determination of galactomannan was 
considered the result of a study in which the optical density index 
of GM in the test sample was below the established diagnostic value 
when isolating Aspergillus micromycetes from clinically significant 
biological material (microbiologically confirmed fungal infection).

According to a study by M.P. Domingo et al. bis(methylthio)
gliotoxin was determined in the serum of sick patients by thin layer 
chromatography with mass spectrometry (TLC-MS),37 without the 
appropriate equipment, in our study the determination of serum 
BMGT was performed using highly efficient chromatography- 
mass spectrometry, which, in comparison with TLC-MS, has a 
higher sensitivity. Bis (methylthio) gliotoxin (Abcam) was used as 
standards. Acetonitrile, methanol and formic acid (LC-MC grade) 
were manufactured by Fisher Chemical. Pure plasma (anticoagulant 
lithium heparin) was obtained at the Center for Pediatric Oncology, 
Hematology and Immunology from blood samples from healthy 
employees and donors by centrifugation (12,500 rpm). It was decided 

to consider the presence of a peak with a retention time of 2.82 
minutes as evidence of the presence of bis (methylthio) gliotoxin in 
the patient’s blood. It was decided to consider any result of BMGT 
positive. The sensitivity threshold of the method is 0.01mg/l. 
Youden’s index suggests a diagnostic value for BMGT of 2.17mg/L 
with a sensitivity of 61.5% and a specificity of 93.6%.39

Procalcitonin was determined in blood serum using an 
immunofluorescence analyzer (Cobase 411, Roche, Switzerland; 
Elecsys BRAHMS PKT kits, Roche, Switzerland). A level >0.5 ng/ ml 
was considered a positive value. C-reactive protein was determined 
using a biochemical analyzer (Architect c8000, Abbott, USA; CRP 
Vario kits, Abbott, USA). A level> 1.0 mg/dL was considered a 
positive value.

Statistical analysis

The cumulative incidence of fungal infections was determined by 
the method of competing risks, statistical differences in the groups 
were assessed by the Gray test. To establish indicators of sensitivity, 
specificity, predictive value of positive and negative results, a 
contingency table was used.40 The analysis of quantitative indicators 
included the calculation of the main indicators of descriptive statistics: 
median, 25%-75% percentile, minimum, maximum. To confirm the 
hypothesis about the presence of statistical differences between two 
independent samples, the nonparametric Mann-Whitney test was used. 
For the graphical presentation of the quartile-median distribution of 
quantitative data, a range chart was used. The χ2 test was used to 
compare categorical data in the groups. All statistical differences were 
considered significant at p<0.05.

Results
Procalcitonin and C-reactive protein in the differential diagnosis 

of fungal and bacterial infections. The PCT and CRP study included 
17 patients with oncological and hematological diseases at the age 
from 1 to 17 years. All patients had laboratory-confirmed infectious 
episodes of bacteremia or fungemia. The blood was regarded as a 
sterile locus. Cases of fungemia belonged to the category of proven 
invasive fungal infection.9 The study included cases of bacterial 
bloodstream infection (n=10) caused by gram-negative bacteria: 
Klebsiella pneumoniae,Escherichia coli, Enterobacter cloacae and 
gram-positive bacteria Staphylococcus aureus. In cases of fungemia 
(n=7), pathogens were represented by yeast (Candida albicans and 
non-albicans) and molds (Fusarium spp.), Table 1.

Table 1 Results of detecting pathogens of fungal and bacterial infections of the bloodstream in the comparison groups

Characteristic Cases of fungemia Cases of bacteremia

Infectious episodes
n % n %

7 100 10 100

Gram-negative bacteria (K. pneumoniae n = 6, E. coli 
n = 2, E. cloacae n = 1) – – 9 90

Gram-positive bacteria (Staph.aureus n = 1) – – 1 10

Yeasts (C. albicans n = 2; Candida non-albicans: C. 
parapsilosis n = 1, C. lipolytica n = 1, C. tropicalis n = 
1)

5 71 – –

Mold fungi (F.solani n=1, Fusarium spp., n=1) 2 29 – –
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Patients with viral or mixed infection were excluded from the 
study. All patients underwent PCT and CRP measurements (1 or 
more times) throughout the infectious episode. The indicators were 
evaluated in the interval of 7 days before and 14 days after the day of 
detection of a positive blood culture. Results are presented as median 
maximum values (25%-75%).

Analysis of these maximum PCT values during an infectious 
episode differed significantly in infections caused by fungal and 
bacterial pathogens. The median maximum PCT values for fungal 
infections was 0.38 ng/ml (0.27-1.53), with bacterial infections-17.46 
ng/ml (3.59-45.01), p=0.0063. With fungal infections of the 
bloodstream (n=7), the maximum PCT level during the infectious 
episode was significantly lower than with bacterial infections of the 
bloodstream (n=10), Figure 1.

Figure 1 Results of PCT determination in children with fungemia (n = 7) and 
bacteremia (n = 10). 

When comparing the maximum CRP values for an infectious 
episode in children, there was no significant difference in levels in 
infections caused by fungal or bacterial pathogens. The median of 
the maximum CRP values for fungal infections is 12.68 mg/dL (8.5-
19.12), for bacterial-17.53 mg/dL (12.89-24.9), p=0.1719, Figure 2.

Figure 2 Determination of CRP in children with fungemia (n = 7) and 
bacteremia (n = 10). 

Evaluation of the effectiveness of methodologies for 
serological diagnosis of invasive aspergillosis (IA)

Determination of galactomannan was carried out in the presence of 
signs of lower respiratory tract infection (focal-infiltrative changes in 
the lungs) in patients according to imaging studies (CT, X-ray).

We examined 33 patients aged 1 to 17 years (median age was 
9 years), each of whom had focal-infiltrative changes in the lungs, 
which persisted despite the antibiotic therapy with broad-spectrum 
agents. In 9 (27%) of these patients, decay cavities were visualized. 
Of the 33 examined, 6 (18%) patients were allo-HSCT recipients. All 
patients underwent bronchoalveolar lavage with examination of GM 
in the obtained fluid.

Aspergillus infection was considered confirmed by microscopic 
detection of characteristic fungal structures (microscopic 
examination) or microbiological isolation of micromycetes (culture) 
from bronchoalveolar lavage material, biopsy or autopsy material of 
lung tissue of patients included in the study.

The fluid obtained during bronchoalveolar lavage was examined 
microbiologically and serologically (determination of galactomannan). 
In 29 (87.9%) of 33 analyzed patients, the study of galactomannan in 
blood serum was carried out simultaneously with BAL.

In 9 (27.3%) patients out of 33 analyzed, the result of 
galactomannan determination in BAL fluid was positive (optical 
density index >1.0). In 2 cases out of 9 positive results, Aspergillus 
infection was confirmed microbiologically (pathogens: Aspergillus 
fumigatus, Aspergillus niger). In 2 cases out of 24 negative results, 
Aspergillus infection was confirmed microbiologically (pathogens: 
Aspergillus flavus, Aspergillus spp.- without species identification).

In 29 out of 33 analyzed patients, serum GM was determined. In 3 
cases, the result was positive. There were no cases of microbiologically 
confirmed aspergillosis among these 3 patients. Aspergillus infection 
was confirmed microbiologically in 4 cases out of 26 negative results 
for the determination of serum GM.

Aspergillus infection was accompanied by fever, cough, chest pain, 
wheezing in the lungs on auscultation, and hemoptysis. One patient 
was fatal due to pulmonary hemorrhage. One patient had a partial 
response to the ongoing antifungal therapy in the form of a decrease 
in focal changes in the lungs and an almost complete disappearance of 
the clinical symptoms of the disease, but died from other causes. Two 
patients have recovered.

The correspondence between a positive result of GM determination 
in blood (serum) and bronchoalveolar fluid was observed in one 
patient (in 1 case). Aspergillus infection in this case was not confirmed 
microbiologically.

Microscopic examination of the native material did not give 
positive results. All cases of invasive aspergillosis (n=4) were 
identified by culture (Table 2).

By microbiological examination of the BAL material and 
biopsy or autopsy material of the lung tissue of patients, 4 (12%) 
patients were found to have IFI (Table 2). In the GM study group 
in BAL (n=33), 7 cases of false-positive, 2 cases of false-negative 
results, as well as 2 cases of true-positive results were revealed; 
while in the blood GM study group (serum, n=29), 3 cases of 
false-positive, 4 cases of false-negative and 0 true-positive results 
were detected, which determines the low sensitivity of the method 
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and low predictive value of a positive result of GM determination 
in blood, in comparison with the determination GM in BAL 
(Table 3).

Among the examined patients, 6 were recipients of allogeneic 
HSCT. They had 1 false-positive and 1 false-negative result of the 
study of GM in the blood and 1 false-positive result of the study of 
GM in the BAL (0 false-negative results).

Table 2 Results of identifying causative agents and serological markers of IA in oncological and hematological pediatric patients with focal-infiltrative changes 
in the lungs

GM in BAL GM in blood Positive microbiol. research 
BAL

Pos. microbiol. research lung 
biopsy material

Positive microbiol. research 
autopsy lung material

0,23 0,15 No not carried out not carried out

0,70 0,21 No not carried out not carried out

1,00 not explored. No not carried out not carried out

0,22 not explored. No not carried out not carried out

0,48 0,17 No not carried out not carried out

5,80 0,18 yes/culture/Aspergillus fumigatus not carried out not carried out

0,31 0,19 No not carried out not carried out

1,40 not explored No not carried out not carried out

0,30 not explored. No not carried out not carried out

0,29 0,20 No not carried out not carried out

0,29 0,17 No not carried out not carried out

0,75 0,16 No not carried out not carried out

1,90 1,20 No not carried out not carried out

0,35 0,25 No not carried out not carried out

0,16 0,15 No yes/culture/Aspergillus flavus not carried out

0,20 1,50 No not carried out not carried out

0,35 0,22 No not carried out not carried out

1,00 0,13 No not carried out not carried out

5,00 0,32 No not carried out not carried out

0,66 2,00 No No not carried out

0,28 0,47 No not carried out not carried out

0,17 0,06 No not carried out not carried out

0,27 0,07 No not carried out not carried out

0,17 0,06 No not carried out not carried out

0.13 0,10 No not carried out No

1,50 0,20 yes/culture/Aspergillus niger not carried out not carried out 

0,22 0,13 No not carried out yes/culture/Aspergillus spp.

2,00 0,31 No not carried out not carried out 

0,45 0,11 No not carried out not carried out

0,58 0,20 No not carried out not carried out

0,38 0,24 No not carried out not carried out

1,30 0,11 No not carried out not carried out

0,32 0,18 No not carried out not carried out
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Table 3 Assessment of the diagnostic value of determining GM in biological body fluids

Index n % IFI, n % 95% DI, %

GM in BAL 33 100 4 100 –

Positive result (index >1.0) 9 27,3 2 50 –

Negative result (index <1.0) 24 72,7 2 50 –

False positive result 7 21,2 – – –

False negative result 2 6,1 – – –

Sensitivity – 50 – – 6,8 – 93,2

Specificity – 75,9 – – 56,5 – 89,7

Negative predictive value – 91,7 – – 80,2 – 96,8

Positive predictive value – 22,2 – – 8,1 – 48

GM in blood 29 100 4 100 –

Positive result (index ≥0.7 or in two consecutive analyzes ≥0.5) 3 10,3 0 0 –

Negative result (index <0.5) 26 89,7 4 100 –

False positive result 3 10,3 – – –

False negative result 4 13,8 – – –

Senstivity – 0 – – 0,0 – 60,2

Specificity – 88 – – 68,8 – 97,5

Negative predictive value – 84,6 – – 82,6 – 86,4

Positive predictive value – 0 – – –

In our study, microbiological examination of BAL fluid (in 
all patients) and biopsy or autopsy material of lung tissue (in 4 
patients) was used as a control. The severe condition of patients 
and the inaccessible localization of lesions limited the possibility 
of conducting invasive diagnostic studies to verify the diagnosis of 
proven Aspergillus infection in all patients.

Determination of serum bis (methylthio) gliotoxin 
and galactomannan in children with oncological and 
hematological diseases

The study included 16 patients with oncological and hematological 
diseases at the age from 1 to 16 years inclusive. At the time of inclusion 
in the study, patients had focal changes in the lungs or pathological 
changes in the paranasal sinuses according to computed tomography 
(CT) and/or clinical signs of infection (including febrile fever for 96 
hours or more, despite broad-spectrum antibacterial agents). Empiric 
antifungal therapy was prescribed from the day the IFI was diagnosed. 
The definition of BMGT was carried out at the time of the diagnosis 
of an infectious disease before the appointment of antifungal therapy. 
Observation and diagnostic search in this group of patients continued.

In 1 (6%) patient, the infection was subsequently proved by 
microbiological examination of a biopsy material of lung tissue (A. 
nidulans), in some patients (n=9, 56%) a possible invasive fungal 
infection was diagnosed according to the EORTC/MSG-2020 criteria, 
the rest patients (n=6, 38%) had a probable invasive fungal infection 
(due to clinical signs and a positive serum or bronchoalveolar lavage 
test for galactomannan). All patients with possible infection at the 
time of the study were in a state of neutropenia (ANC <500/pL). Half 

of the patients with probable infection (n=3) and the patient with 
proven infection had normal neutrophil counts (ANC >500/pL).

All patients underwent studies of serum bis(methylthio)gliotoxin 
and galactomannan (before the start of antifungal therapy), and 
5 (31%) patients were also tested for bronchoalveolar lavage 
galactomannan. Among these 5 patients, 3 were positive for serum 
GM. The qualitative determination of bis(methylthio)gliotoxin 
in blood serum was carried out by the method of highly efficient 
chromatography-mass spectrometry. All patients (n=16, 9 boys and 7 
girls) had exposure risk factors and clinical and/or radiological signs 
of fungal infection.

Positive serum galactomannan was detected in 6 (37.5%) patients, 
and in 1 the infection was microbiologically proven, and in one patient 
with probable infection, galactomannan was positive both in serum and 
in bronchoalveolar lavage. Galactomannan in BAL fluid was studied 
in 5 patients, with a positive result obtained in 2 (40%) cases. In 1 
patient, galactomannan was positive in both bronchoalveolar lavage 
and serum (as indicated above). In 1 patient with probable infection, 
positive galactomannan was detected only in bronchoalveolar lavage, 
while in serum galactomannan was negative. In 2 patients, the study 
of GM in BAL fluid gave a negative result, while in serum GM was 
positive. In 1 patient with possible infection, galactomannan was 
negative in both bronchoalveolar lavage and serum. Bis(methylthio)
gliotoxin was not detected by the proposed method in any of the 
analyzed patients. The research results are presented in Table 4.

It should be noted that only one patient who entered the study 
subsequently had microbiologically confirmed invasive aspergillosis, 
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and the rest of the patients did not have microbiological confirmation 
of infection at all, which does not refute the absence of the latter in 
most patients. However, at the study, 4 (25%) patients had specific 

changes in the lungs, characteristic of invasive aspergillosis, and 
recovered on the background of antifungal therapy with voriconazole.

Table 4 Characteristics of patients included in the study, the results of determining GM and BMGT

№ Gender Age, years Diagnosis of the 
underlying disease IFI ANC at the time of 

the study, in ml
GM in 
blood

GM in 
BAL BMGT Microbiological 

confirmation

1 M 15 Brain tumor probable <500 positive – negative No

2 M 4 ALL probable <500 positive – negative No

3 F 3 ALL proven >500 positive negative negative Yes

4 M 12 AML possible <500 negative – negative No

5 M 2 primary 
immunodeficiency

probable >500 positive – negative No

6 F 5 AML possible <500 negative – negative No

7 M 10 AML possible <500 negative – negative No

8 F 6 AML possible <500 negative negative negative No

9 M 12
MDS, condition after 
haploHSCT possible <500 negative – negative No

10 F 16 AML probable >500 negative positive negative No

11 M 16 AML possible <500 negative – negative No

12 M 10 Lymphoma possible <500 negative – negative No

13 M 11 AML possible <500 negative – negative No

14 F 1 RMS probable >500 positive negative negative No

15 F 7 AML possible <500 negative – negative No

16 F 7 AML probable <500 positive positive negative No

Discussion
The limitation of the study of PCT and CRP in the differential 

diagnosis of fungal and bacterial infections was the relatively small 
number of patients, although the sample size was sufficient to achieve 
statistical significance in the analysis. The results are comparable to 
those in adults. There are publications on an increased level of CRP 
and a low level of PCT in adult hematological patients with fungal 
infection in the study of the etiology of febrile neutropenia.41 The 
levels of PCT and CRP have not been studied in patients without 
signs of infection. This study design was chosen due to the need to 
distinguish etiological factors of infectious complications in oncology 
and hematology.

Histological or microbiological examination of lung tissue 
obtained by thoracoscopy or thoracotomy is mandatory in the 
diagnosis of invasive pulmonary aspergillosis.42 Microbiological 
testing, including microscopy and culture, remains the gold standard 
for laboratory diagnosis of fungal infections. However, due to the 
risk of bleeding or other complications, lung biopsy is not always 
possible during an invasive diagnostic test. At the same time, the 
presence of clinical or radiological markers of IFI in the presence 
of negative results of microbiological studies forces an immediate 
start of expensive and toxic therapy. That is why invasive serological 
tests for the determination of fungal antigens are an additional option 
in the diagnosis of mycoses. When using them, it should be taken 
into account the possibility of obtaining false positive and false 
negative results. For this reason, according to the latest guidelines 

for the management of febrile neutropenia in cancer patients and 
pediatric HSCT recipients (USA, 2017), if fever persists >96 h, 
despite the use of broad-spectrum antibiotics, it is not necessary to 
use a serum galactomannan study for the purpose of diagnostics of 
fungal infection.43 At the same time, BAL is included in the diagnostic 
procedures for identifying the etiology of infectious lesions of the 
lower respiratory tract. Performing BAL helps the clinician make a 
diagnosis, find out the etiology of the infectious lesion, and promptly 
initiate etiotropic treatment.

The diagnosis of invasive aspergillosis is difficult, the clinical 
manifestations are often nonspecific, and the final diagnosis depends 
on invasive procedures, which are not always feasible due to the 
severe condition of the patient. A sensitive and specific test is required 
for early diagnosis of this life-threatening complication and rational 
antifungal treatment in order to improve the effectiveness of therapy, 
reduce toxicity and reduce costs. We determined the biomarker 
bis(methylthio)gliotoxin in the serum of children with oncological 
and hematological diseases, with clinical, serological and radiological 
signs of fungal infection (invasive aspergillosis). BMGT was not 
detected in serum by HPLC-MS in any of the analyzed patients.

A limitation of this study is the small number of patients. 
Moreover, in most of the analyzed patients, invasive mycosis was 
not microbiologically confirmed. However, 3 out of 6 patients with 
probable IFI and 1 patient with proven IFI had focal changes in 
the lungs characteristic of invasive aspergillosis, and recovered on 
the antifungal therapy, which may indirectly indicate the presence 
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of invasive aspergillosis in them. It should also be mentioned that 
the method for determining BMGT using HPLC-MS is laborious; 
moreover, not all hospitals have the necessary equipment.

Conclusion
An increase in the level of C-reactive protein with a normal level 

of procalcitonin in immunocompromised children with clinical signs 
of bloodstream infection indicates a fungal etiology of the disease. 
With fungal infections of the bloodstream in children with oncological 
and hematological diseases, the level of procalcitonin during an 
infectious episode is significantly lower than with bacterial infections 
of the bloodstream (p=0.0063), and the level of C-reactive protein 
exceeds the norm, but does not have significant differences in the 
comparison groups (p=0.1719). Determination of the optical density 
index of galactomannan in bronchoalveolar fluid is a sensitive marker 
for the diagnosis of invasive pulmonary aspergillosis. Diagnostic 
study of galactomannan in bronchoalveolar lavage in children has 
a high predictive value of a negative result (91.7%). The sensitivity 
of the method is higher than in the study of galactomannan in blood 
serum (50% versus 0%). There was no correlation between serum bis 
(methylthio) gliotoxin levels and the presence of invasive aspergillosis 
in children.
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