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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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PE3IOME

3a nocneaHue rofibl 6bINM UHTEHCMOULMPOBaHbI PEXUMbI MPOTUMBOOMYXOIEBOV TEPanum v BHeAPEHbI METOAbI BbICOKO-
Zlo3HOM xuMmoTepanuu (BAXT), 4To NO3BONWIO JOCTUYb 3HAYMMOTO NPOrpecca B pesynbTaTax JIEUeHWUsi ONyXoneBbIX
npoueccoB. MHTeHCUbUKaLMNA PeXXMMOB XMMUOTEPanuM y OHKONIOrMYECKUX 60/bHbIX MPUBOANT K BOSHUKHOBEHUIO
(haKkTOpOB PUCKOB Pa3BUTUA UHBA3UBHOIO KaHanA03a (MK): arpaHynouMTosy, HapyLLUEHUIO LLENOCTHOCTM CIM3UCTbIX
060104eK, ASIMTENBHOMY NMPUMEHEHUIO LIEHTPanbHbIX BEHO3HbIX KaTeTepoB (LIBK), noBTOpHOI aHTWGaKTepuanbHoi
Tepanuu, AnuTeNbHOMY NapeHTepasbHOMY NUTaHWIO. TakMM 06pa3omMm, ycuneHme NpoTUBOOMYXONIeBON Tepanuu
MOXET COMPOBOXAATbCA NOBbIWEeHNEM UHHEKLIMOHHO-0MOCPe0BaHHOW IeTaNbHOCTU.

MHBa3WBHbI KaHAWAO3 — CaMblii PacNpPOCTPaHeHHbI MUMKO3 B Poccun. ExxeropHo B Hallell cTpaHe BO3HUKaeT 6osiee
11 TbicAY cnyyaeB UK. CornacHo gaHHbIM MHOIOLEHTPOBbIX nccneaosaHmin, yactota MK B Poccum coctaBnser
8,29 Ha 100 TbicAY HaceneHus. B cTpaHax EBponbl, AaHHbI NokasaTenb Bapbupyetcsa oT 2,2 Ao 11 Ha 100 Tbicay
HaceneHus. He cyliecTByeT KNIMHWYECKUX MPU3HAKOB UM CUMMNTOMOB, CNeLn@UUHbIX A5 MIHBa3MBHOMO KaHAW-
[03a KOTOPbI, Kak NpaBuo, pa3BnBaeTCA y NaLMeHTOB Ha poHe CONyTCTBYHOLLMX 3ab01eBaHNI, YTO CYLLECTBEHHO
3aTpyAHAEeT AMarHocTuKy. B cBA3K ¢ 9TUM aKTyanbHOM 3ajavein ABNAETCA YNYULWUTb ANarHOCTUKY KaHANMA03HbIX
MHGDEKLMOHHBIX OCNOXHEHWI Y 60/IbHbBIX OHKONOrM4ecKoro Npodunisa ANa oNTUMU3aLMmn eYeHns 3a CHeT uccne-
[OBaHNA CeposIorMYecKUX MapKepoB, UMEIOLLMX HAaUGOMbLUYIO AMAarHOCTUYECKYH 3HaYMMOCTb B BO3HUKHOBEHUN

MHOEKLMOHHbBIX OC/TOXHEHWI Y OHKONOTMYECKUX BOSTbHbIX.
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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
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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 [Cl], 53-62); the specificity was
93 % (95 % CI, 91-94). When determining mannan
antibodies, the sensitivity was 59 % (95 % Cl, 54-
65); the specificity was 83 % (95 % Cl, 79-97). In the
combined determination of mannan and antibodies
to it, the sensitivity was 83 % (95 % Cl, 79-87), the
specificity was 86 % (95 % Cl, 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].

WHBA3MBHOIo KaHAMA03a y OHKONOrn4yeckux 60/bHbIX

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.

45



South Russian Journal of Cancer 2021, v.2, N23, p. 42-47

0.Yu.Kutsevalova*, Yu.Yu.Kozel, N.E.Nifantiev, A.V.Antonets, V.B.Krylov / The importance of developing new mannan tests in the diagnosis

of invasive candidiasis in oncology patients

Authors contribution:

Kutsevalova 0.Yu. - research concept and design, text writing, material processing

Kozel Yu.Yu. - scientific editing.

Nifantiev N.E. - scientific editing.

Antonets A.V. - collection, analysis and interpretation of data.
Krylov V.B. - collection, analysis and interpretation of data.

References

1. Dinikina YuV, Shadrivova OV, Belogurova MB, Ignatyeva SM,
Bogomolova TS, Klimko NN. Breakthrough invasive candidi-
asis in pediatric patient with Ewing’'s sarcoma: dinical case
report and literature review. Oncohematology. 2019;14(4):59-
66. (In Russian).
https://doi.org/10.17650/1818-8346-2019-14-4-59-66

2. Mikhalkina EV, Skachkova LS, Kit Ol, Fomenko YuA. So-
cio-economic predictors of cancer. Journal of Institutional
Research. 2020;12(3):122-141. (In Russian).
https://doi.org/10.17835/2076-6297.2020.12.3.122-141

3. Klimko NN, Kozlova Yal, Khostelidi SN, Shadrivova OV, Bor-
zova YuV, Vasileva NV. The prevalence of serious and chronic
fungal diseases in russian federation on life program mod-
el. Problems of medical mycology. 2014;16(1):3-8. Available
at: https:/mycology.szgmu.ru/files/MAPO_1_2014.pdf. Ac-
cessed: 16.05.2021. (In Russian).

4. Bongomin F, Gago S, Oladele RO, Denning DW. Global and
Multi-National Prevalence of Fungal Diseases-Estimate Preci-
sion. J Fungi (Basel). 2017 Oct 18;3(4):E57.
https://doi.org/10.3390/jof3040057

5. Brown GD, Denning DW, Gow NAR, Levitz SM, Netea MG,
White TC. Hidden killers: human fungal infections. Sci Transl
Med. 2012 Dec 19;4(165):165rv13.
https://doi.org/10.1126/scitranslmed.3004404

6. Invasive candidiasis in newborns. Clinical Guidelines of
the Ministry of Health of the Russian Federation. Moscow,
2017, 34 p. Available at: https://dzhmao.ru/spez/klin_recom/
neonatologiya/invazKandidoz.pdf. Accessed: 16.05.2021. (In
Russian).

7. Diagnosis and treatment of mycoses in intensive care
units: Russian recommendations. Ed. by N. N. Klimko. 2nd
ed. additional and re-edited by M.: Farmtek, 2015, 96 p. Avail-
able at: http://nasci.ru/?id=2269&download=1. Accessed:
16.05.2021. (In Russian).

8. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP,
Edmond MB. Nosocomial bloodstream infections in US hospi-
tals: analysis of 24,179 cases from a prospective nationwide
surveillance study. Clin Infect Dis. 2004 Aug 1;39(3):309-17.

46

https://doi.org/10.1086/421946

9. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumya-
ti G, Kainer MA, et al. Multistate point-prevalence survey of
health care-associated infections. N Engl J Med. 2014 Mar
27;370(13):1198-1208.
https://doi.org/10.1056/NEJMo0a1306801

10. Arastehfar A, Carvalho A, Nguyen MH, Hedayati MT, Ne-
tea MG, Perlin DS, et al. COVID-19-Associated Candidiasis
(CAC): An Underestimated Complication in the Absence of
Immunological Predispositions? J Fungi (Basel). 2020 Oct
8;6(4):E211. https://doi.org/10.3390/jof6040211

11. Kullberg BJ, Arendrup MC. Invasive Candidiasis. N Engl J
Med. 2015 Oct 8;373(15):1445-1456.
https://doi.org/10.1056/NEJMra1315399

12. Kutsevalova O, Antonets A, Kit O, Panova N, Lysenko |,
Dmitrieva V, Pak E, Kozyuk O, Marykov E, Klyasova G. New
approaches to the verification of bacterial and candidal blood-
stream infection. J. Fungi. 2019 Dec;5(4):208-210.
https://doi.org/10.3390/jof5040095

13. Morrell M, Fraser VJ, Kollef MH. Delaying the empiric
treatment of candida bloodstream infection until positive
blood culture results are obtained: a potential risk factor
for hospital mortality. Antimicrob Agents Chemother. 2005
Sep;49(9):3640-3645.
https://doi.org/10.1128/AAC.49.9.3640-3645.2005

14. Garey KW, Rege M, Pai MP, Mingo DE, Suda KJ, Turpin RS,
et al. Time to initiation of fluconazole therapy impacts mor-
tality in patients with candidemia: a multi-institutional study.
Clin Infect Dis. 2006 Jul 1;43(1):25-31.
https://doi.org/10.1086/504810

15. Clancy CJ, Nguyen MH. Finding the “missing 50%" of in-
vasive candidiasis: how nonculture diagnostics will improve
understanding of disease spectrum and transform patient
care. Clin Infect Dis. 2013 May;56(9):1284-1292.
https://doi.org/10.1093/cid/cit006

16. Kolupaev VE, Sokolinskaya IYu. The role of determin-

ing the mannan antigen and antibodies to manan in the
diagnosis of invasive candidiasis. Remedium Privolzhye.


https://dzhmao.ru/spez/klin_recom/neonatologiya/invazKandidoz.pdf
https://dzhmao.ru/spez/klin_recom/neonatologiya/invazKandidoz.pdf

l0xHo-Poccuitckuii oHkonornyeckuii xypHan 2021, 1.2, N°3, c. 42-47

0.10.Kyueanoea*, 10.10.Kozenb, H.3.HudbaHTbes, A.B.AHTOHew, B.B.Kpbinos / 3HaueHne pa3apaboTku HOBbIX MaHHAHOBbIX TECTOB B iUArHOCTUKE

2015;4(134):34-35. https://www.remedium.ru/upload/
iblock/023/Remedium_4.15%20SMALL.pdf

17. Mikulska M, Calandra T, Sanguinetti M, Poulain D, Viscoli C,
Third European Conference on Infections in Leukemia Group.
The use of mannan antigen and anti-mannan antibodies in the
diagnosis of invasive candidiasis: recommendations from the
Third European Conference on Infections in Leukemia. Crit
Care. 2010;14(6):R222. https://doi.org/10.1186/cc9365

18. 18. De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Ed-
wards JE, Calandra T, et al. Revised definitions of invasive
fungal disease from the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infections Coopera-
tive Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) Consen-
sus Group. Clin Infect Dis. 2008 Jun 15;46(12):1813-1821.
https://doi.org/10.1086/588660

19. Leén C, Ruiz-Santana S, Saavedra P, Castro C, Loza A, Za-
kariya |, et al. Contribution of Candida biomarkers and DNA
detection for the diagnosis of invasive candidiasis in ICU pa-
tients with severe abdominal conditions. Crit Care. 2016 May
16;20(1):149. https://doi.org/10.1186/s13054-016-1324-3
20. Verduyn Lunel FM, Donnelly JP, van der Lee H. L, Blijlevens
NMA, Verweij PE. Circulating Candida-specific anti-mannan
antibodies precede invasive candidiasis in patients undergo-
ing myelo-ablative chemotherapy. Clin Microbiol Infect. 2009
Apr;15 (4):380-386.

WHBA3MBHOIo KaHAaMA03a y OHKONOrn4yeckux 60/bHbIX

https://doi.org/10.1111/j.1469-0691.2008.02654.x

21. Duettmann W, Koidl C, Krause R, Lackner G, Woelfler
A, Hoenigl M. Specificity of mannan antigen and anti-man-
nan antibody screening in patients with haematological
malignancies at risk for fungal infection. Mycoses. 2016
Jun;59(6):374-378. https://doi.org/10.1111/myc.12482

22. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA,
Ostrosky-Zeichner L, et al. Clinical Practice Guideline for the
Management of Candidiasis: 2016 Update by the Infectious
Diseases Society of America. Clin Infect Dis. 2016 Feb 15; 62
(4): e1-50. https://doi.org/10.1093/cid/civ933

23. Charushina IP, Feldblum 1V, Vorobyeva NN, Balandi-
na SYu, Kuznetsova MV, Verbitskaya TA. Invasive candidiasis
in HIV-infected patients. Federal clinical recommendations.
Moscow, 2017, 46 p. http://nasci.ru/?id=2883

24. Noskova OA, Agapova ED, Baturina EA, Gvak GV. Mi-
crobiological Monitoring in the System of Epidemiological
Surveillance of Purulent-Septic InfectionsinaMultidisciplinary
Hospital. Acta Biomedica Scientifica. 2019;4(5):122-126. (In
Russian). https://doi.org/10.29413/ABS.2019-4.5.19

25. Gusarov VG, Lashenkova NN, Petrova NV, Dementien-
ko MV, Shilkin DN, Nesterova EE, et al. Protocols of empirical
antimicrobial therapy in improving quality of emergency med-
ical care to patients with infection in multidisciplinary surgical
hospital. Medical Alphabet. 2016;4(33(296)):24-28.

Information about author:

Olga Yu. Kutsevalova* - Cand. Sci. (Biol.), head of the laboratory of clinical Microbiology, bacteriologist National Medical Research Centre for
Oncology of the Ministry of Health of Russia, Rostov-on-don, Russian Federation. ORCID: https://orcid.org/0000-0001-7452-6994, SPIN: 6271-1942,
AuthorlD: 363005, ResearcherID: AAM-9837-2020

Yuliya Yu. Kozel - Dr. Sci. (Med.), professor, head of the Department of pediatric Oncology National Medical Research Centre for Oncology of the
Ministry of Health of Russia, Rostov-on-don, Russian Federation. ORCID: https://orcid.org/0000-0002-6681-3253, SPIN: 6923-7360, AuthorID:
732882

Nikolay E. Nifantiev — member of Russian Academy of Sciences, D.Sc. in Chemistry., Head of the Laboratory of Glycoconjugate Chemistry
N.D.Zelinsky Institute of Organic Chemistry of the Russian Academy of Sciences, Moscow, Russian Federation. ORCID: https://orcid.org/0000-
0002-0727-4050, SPIN: 5160-0379, AuthorID: 49545, ResearcherlID: 0-6579-2015

Anna V. Antonets - Cand. Sci. (Med.), MD, geneticist Rostov State Medical University, Rostov-on-don, Russian Federation, researcher at the
Laboratory of Glycoconjugate Chemistry N.D.Zelinsky Institute of Organic Chemistry of the Russian Academy of Sciences, Moscow, Russian
Federation. ORCID: https://orcid.org/0000-0002-8074-1890, SPIN: 9450-9127, AuthorID: 917704

Vadim B. Krylov - PhD in Chemical sciences, senior researcher at the Laboratory of Glycoconjugate Chemistry N.D.Zelinsky Institute of Organic
Chemistry of the Russian Academy of Sciences, Moscow, Russian Federation. SPIN: 9750-0292, AuthorID: 153059

47


https://www.remedium.ru/upload/iblock/023/Remedium_4.15%20SMALL.pdf
https://www.remedium.ru/upload/iblock/023/Remedium_4.15%20SMALL.pdf

