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ABSTRACT

The regimens of anticancer therapy have been intensified and methods of high-dose chemotherapy (HDCT) have been 
introduced for recent years which made it possible to achieve significant progress in the results of tumor treatments. 
Intensification of chemotherapy regimens in cancer patients leads to the emergence of risk factors of invasive can-
didiasis (IC) development: agranulocytosis, disruption of the integrity of the mucous membranes, prolonged use of 
CVC, repeated antibiotic therapy, long-term parenteral nutrition. Thus, intensification of anticancer therapy may be 
accompanied by an increase in infection- mediated mortality.
IC is the most common invasive mycosis in Russia. More than 11 thousand cases of IC occur in our country every year. 
The frequency IC in Russia is 8.29 per 100 thousand of the population, which corresponds to the results of the LIFE 
study in European countries where this indicator varies from 2.2 to 11 per 100 thousand of the population. There are 
no clinical signs or symptoms specific for IC. It develops in patients with concomitant diseases, which significantly 
complicates the diagnosis. In this regard, an urgent issue is to improve the diagnosis of candidal infectious compli-
cations in cancer patients in order to optimize treatment by studying serological markers that have the greatest value 
in the diagnosis of infectious complications in cancer patients.
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РЕЗЮМЕ

За последние годы были интенсифицированы режимы противоопухолевой терапии и внедрены методы высоко-
дозной химиотерапии (ВДХТ), что позволило достичь значимого прогресса в результатах лечения опухолевых 
процессов. Интенсификация режимов химиотерапии у онкологических больных приводит к возникновению 
факторов рисков развития инвазивного кандидоза (ИК): агранулоцитозу, нарушению целостности слизистых 
оболочек, длительному применению центральных венозных катетеров (ЦВК), повторной антибактериальной 
терапии, длительному парентеральному питанию. Таким образом, усиление противоопухолевой терапии 
может сопровождаться повышением инфекционно- опосредованной летальности.
Инвазивный кандидоз – самый распространенный микоз в России. Ежегодно в нашей стране возникает более 
11 тысяч случаев ИК. Согласно данным многоцентровых исследований, частота ИК в России составляет 
8,29 на 100 тысяч населения. В странах Европы, данный показатель варьируется от 2,2 до 11 на 100 тысяч 
населения. Не существует клинических признаков или симптомов, специфичных для инвазивного канди-
доза который, как правило, развивается у пациентов на фоне сопутствующих заболеваний, что существенно 
затрудняет диагностику. В связи с этим актуальной задачей является улучшить диагностику кандидозных 
инфекционных осложнений у больных онкологического профиля для оптимизации лечения за счет иссле-
дования серологических маркеров, имеющих наибольшую диагностическую значимость в возникновении 
инфекционных осложнений у онкологических больных.
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RELEVANCE

In recent years, the regimens of antitumor therapy 
have been intensified and methods of high-dose che-
motherapy (HDCT) have been introduced, which has 
made it possible to achieve significant progress in 
the results of treatment of tumor processes [1]. The 
intensification of chemotherapy regimens in cancer 
patients leads to the emergence of risk factors for the 
development of invasive candidiasis: agranulocytosis, 
violation of the integrity of the mucous membranes, 
prolonged use of central venous catheters (CVC), 
repeated antibacterial therapy, long-term parenteral 
nutrition. Thus, intensification of anticancer therapy 
may be accompanied by an increase in infection- 
mediated mortality [1-2].

Invasive candidiasis is the most common mycosis 
in Russia. Every year, more than 11 thousand cases 
of IC occur in our country [3]. According to the data 
of multicenter studies, the frequency of IR in Russia 
is 8.29 per 100 thousand of the population. In Euro-
pean countries, this indicator varies from 2.2 to 11 
per 100 thousand population [4]. The most common 
variants of invasive candidiasis are candidemia, acute 
disseminated candidiasis and candidal peritonitis, 
other forms are somewhat less common [5].

According to the expert group of the Russian As-
sociation of Perinatal Medicine Specialists (RAPMS), 
the frequency of IC in newborns in the structure of 
infectious and inflammatory diseases is from 15 to 
30 %. The incidence of IC in newborns is inversely 
proportional to the gestation period and body weight 
at birth and ranges from 2.6 % to 3.1 % in newborns 
with very low body weight and from 10 % to 16 % in 
newborns with extremely low body weight [6].

Candida spp. they are pathogens in 9-22 % of cas-
es of all nosocomial infections. The frequency of 
invasive candidiasis in patients in intensive care units 
(ICU) varies from 0.3 to 10 %, depending on the profile 
of the departments. The mortality rate for invasive 
candidiasis in patients in the ICU is 10-47 % [7-9].

In 2020, due to the spread of the new corona-
virus infection SARS-CoV-2, reports of cases of 
COVID-19-associated invasive candidiasis (COVID – 
19 associated candidiasis- CAC) began to appear 
and systematize. To date, the development of acute 
respiratory distress syndrome with a concomitant 

risk of developing superinfection and stay in the ICU 
are identified as the main risk factors for the devel-
opment of CAC [10].

IC usually develops in patients with concomitant 
diseases, which significantly complicates the diag-
nosis. The main risk factors for the development of 
IC are:
• surgical abdominal interventions, in particular, 

accompanied by the failure of anastamoses and 
repeated laparotomies;

•  perforation of the gastrointestinal tract;
•  staying in the ICU;
•  chemo-and radiotherapy in cancer patients;
• oncohematological diseases;
• multiple and long-term colonization of Candida spp. 

(colonization index >0.5 or adjusted colonization 
index >0.4);

• the presence of a central venous catheter;
• complete parenteral nutrition;
• the use of broad- spectrum antibacterial agents;
•  artificial ventilation of the lungs;
• infected pancreatic necrosis;
• hemo – and peritoneal dialysis;
•  organ and tissue transplantation;
•  the state of prematurity of children with very low 

and extremely low body weight;
• stay in burn units;
•  diabetes mellitus;
•  HIV infection;
• immunodeficiency conditions, including those 

caused by immunosuppressive therapy [6, 7, 11].
There are no clinical signs or symptoms specific 

to invasive candidiasis. Invasive candidiasis should 
be suspected in patients with known risk factors with 
fever of unknown origin that cannot be treated with 
antibacterial agents [12].

Thus, a large contingent of patients at risk of IC, 
a change in the structure of pathogens of nosoco-
mial infections, accompanied by an increasing role 
of fungal pathogens, an increase in resistance to 
antimycotic drugs, bring the problem of diagnosing 
invasive mycoses to a new level. Timely diagnosis 
of IR is the key to ensuring a favorable outcome. In 
fact, 1-2 days of delay in starting effective antifungal 
therapy doubles the risk of death from IC [13, 14].

Microbiological methods and blood culture testing 
remain the gold standard for the diagnosis of inva-
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sive candidiasis, but the difficulties of cultivating 
Candida spp. in the study of hemoculture, as well as 
a long growth time, this method is not sufficiently 
reliable [12]. Thus, a positive result of hemoculture 
is observed only in 21-71 % of patients with inva-
sive candidiasis confirmed at autopsy, depending 
on the frequency of sampling and the volume of 
blood taken [15].

The development of additional molecular and se-
rological methods for timely and accurate diagnosis 
of IR is becoming increasingly relevant.

One of the first commercial ELISA test systems 
were developed that allow detecting the mannan an-
tigen – the main component of the Candida spp. cell 
wall and antibodies to mannan, PLATELIA™ Candida 
Ag PLUS and PLATELIA™ Candida Ab PLUS (Bio- Rad 
Laboratories, Marnes-la- Coquette, France). Under 
the auspices of the Third European Conference on 
Infectious Diseases in Leukemia, the characteristics 
of these test systems were analyzed based on the 
results of published studies [16, 17]. The diagnosis 
of IC in this study was established in accordance 
with the 2008 recommendations of the European 
Organization for Research and Treatment of Cancer 
/ Mycoses Study Group. Sensitivity and specificity 
were calculated for the separate determination of 
mannan antigen, mannan antibodies and for com-
bined testing. Data from 14 studies were analyzed 
(all studies, with the exception of one, were retro-
spective). The total number was 453 patients and 
767 control cases. In the studies, the sample was 
represented by patients of oncological and oncohe-
matological departments, departments of surgery 
and intensive care. The sensitivity of the deter-
mination of the mannan antigen was 58 % (95 % 
confidence interval [CI], 53-62); the specificity was 
93 % (95 % CI, 91-94). When determining mannan 
antibodies, the sensitivity was 59 % (95 % CI, 54-
65); the specificity was 83 % (95 % CI, 79-97). In the 
combined determination of mannan and antibodies 
to it, the sensitivity was 83 % (95 % CI, 79-87), the 
specificity was 86 % (95 % CI, 82-90). A significant 
heterogeneity of sensitivity was noted in the de-
termination of both mannan and mannan antibod-
ies for different Candida species. The highest was 
found for C. albicans, followed by C. glabrata and 
C. tropicalis [18].

However, in a 2016 study, including among pa-
tients in the ICU with severe abdominal pathology, 
a combined determination of mannan antigen and 
antibodies to the mannan antigen Candida spp. it 
turned out to be ineffective (sensitivity 55 % and 
specificity 60 %). Antibodies are often present in 
immunocompromised patients with previous candi-
demia or colonization [19].

Thus, the prognostic value of detecting antibodies 
remains low with a single test and the absence of 
subsequent detection of their increasing concentra-
tion. This observation and the unexplained variability 
of tests in various studies are an important warning 
for doctors, since the unreliability of the results of lab-
oratory diagnostics can lead to unjustified prescribing 
of antifungal drugs to patients whose candidiasis is 
unlikely [20, 21].

According to the updated 2016 Guidelines for the 
Clinical Practice of IC Management of the American 
Society of Infectious Diseases (Infectious Diseases 
Society of America), the role of existing tests for the 
determination of Candida spp. mannan and mannan 
antibodies remains unclear. These tests are not ap-
proved by the US FDA and are available mainly in 
Europe, where their use is allowed [22]. A number 
of domestic clinical recommendations suggest the 
possibility of using tests to determine mannan and 
antibodies to mannan [6, 7, 23].

CONCLUSION

The development of additional molecular and se-
rological methods for timely and accurate diagnosis 
is becoming increasingly relevant. In this situation, it 
is necessary to search for biomarkers that would be 
an objective and reliable opportunity for a clinician 
to quickly respond to the possible development of 
a severe infectious complication [24-25]. The study 
of the structure of carbohydrate antigens of fungal 
pathogens is a key link in the successful development 
of more valid diagnostic tests. The development of 
additional molecular and serological methods for 
timely and accurate diagnosis is becoming increas-
ingly relevant. The use of tests for the determination 
of Candida spp. mannan and antibodies to mannan 
will help to improve diagnosis and clarify the etiologi-
cal factor of life-threatening infectious complications.
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