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ABSTRACT

Purpose of the study. To evaluate the diagnostic significance of accelerated and affordable verification of a bloodstream
infection pathogen using biomarkers: procalcitonin and the Platelia™ Candida Ag Plus mannan antigen.

Patients and methods. 349 cancer patients with febrile fever were examined from 6 medical and diagnostic oncological
hospitals in the Southern Federal District of the Russian Federation during 2019. Patients aged from 1 to 85 years were
hospitalized in intensive care, pediatric oncology and hematology oncology departments. Patient informed consent for
the study was obtained. The diagnostic algorithm included: a blood test using an automatic BacT /ALERT 3D analyzer
and a parallel study of the level of biomarkers with enzyme immunoassay. Identification of strains and determination of
sensitivity to antimicrobial agents was determined on a Vitek 2 automatic analyzer (BioMerieux, France). Procalcitonin
levels greater than 10 ng/ml were registered to determine the development of bacterial inflammation. Procalcitonin
was determined with Procalcitonin — ELISA-BEST kits (Russia). Mannan antigen was determined using Platelia Candida
Ag kits (France). The result was considered positive at the antigen concentration of 2125 pg/ml. Candida mannan
antigen allowed us to decide on the involvement of Candida spp. in the infectious process.

Results. An integrated approach to the diagnosis of bloodstream infections increased the percentage of detection of
pathogens up to 58.7%. Bacterial infection testing both with the blood culture method and the procalcitonin determi-
nation in blood serum revealed similar diagnostic values. Candida mannan antigen testing significantly improved the
early diagnosis of Candidal infection, despite negative blood culture, which was probably associated with prolonged
cultivation of Candida spp. in the blood (from 2 to 5 days). The inclusion of biomarker testing in the diagnostic algo-
rithm in cases of suspected bloodstream infection allowed early pathogen identification and starting an adequate
antibacterial or antifungal therapy.

Conclusion. An integrated approach to the diagnosis of bloodstream infections improved and, just as importantly,
significantly accelerated the pathogen verification. Bacterial infection cases showed comparable results of hemocul-
turing and biomarker testing; however, in case of candidal infection, determination of Candida mannan antigen appears
critical, as it was significantly more sensitive than the result of blood culture and allowed to identify the etiology of
fever of unknown origin in many patients.
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OPUTUHATIBHASA CTATbA

KOMI'IﬂEKQHbIﬂ MNoAX0A K AUATHOCTUKE BAKTEPUANIbHBIX N TPUBKOBbBIX
WHOEKLUM KPOBOTOKA Y MALIMEHTOB OHKONOTUYECKOIO NPOGKUIIA

0.10.Kyuesanosa*, 10.10.Kosenb, B.B.[imutpuesa, 0.B.Ko3siok, U.B.JIbiceHko

®rbY «<HMUL onkonorum» Munaapasa Poccuu,
344037, Poccuiickas Gegepauus, r. Poctos-Ha-[loHy, yn. 14-9 nuHus, 4. 63

PE3IOME

Llenb uccnepoBanus. OLEeHUTb ANArHOCTUYECKYH 3HAYUMOCTb YCKOPEHHOM M [OCTYNHON BepubuKkaLmumn Bo3dyau-
Tenst UHhEeKUMN KpOBOTOKA C MOMOLLbIO 6UOMapKepOB: NPOKasibLMTOHNHA U MaHHaHOBOro aHTuUreHa Platelia™
Candida Ag Plus.

MaumeHTbl n MeTogbl. 06cnefoBaHo 349 OHKONIOrMYECKUX 60MbHbIX B TeuyeHne 2019 roaa ¢ hebpunibHON TMXopaaKon
13 6 neyebHO-ANarHoOCTMYECKMX CTaLMOHapoB OHKoornyeckoro npoduns K0xHoro ®efepanbHoro okpyra Poccuiickon
®depepaumu. MaumeHTbl B Bo3pacTe oT 1 roga Ao 85 neT HaxoAWAUCh B OTAENEHNAX peaHMMaLnu, LETCKOW OHKOI0rm
1 oHKorematonoruu. UHGopMupoBaHHble cornacus NauMeHToB Ha UCCNefoBaHWs NoyyeHbl. [lnarHocTUYeCKuii anro-
pUTM BKJIKONAN UCcefoBaHNe KPOBU C MOMOLLbIO aBTOMaTu4eckoro aHanusatopa BacT/ALERT 3D u napannenbHoe
uccrnefioBaHue YypoBHSI 6OMapKepoB UMYHHOMEPMEHTHbIM MeTofoM. MaeHTUdMKaLMIO LITaMMOB U UX YyBCTBUTESb-
HOCTb K aHTUMWUKPOGHBIM MNpernapaTamM NpoBoAUM Ha aBToOMaT4YeckoM aHanusatope Vitek 2 (BioMerieux, ®paHuus).
OAHOBPEMEHHO OMNpeaensy ypoBeHb NPOKanbLMTOHMHA C MOMOLLbH0 Ha6opoB MpokanbuuToHuH — UDA-BECT (Poccus)
1 MaHHaHoBOro aHTureHa Candida spp.—Platelia Candida Ag (dpaHLWs) COOTBETCTBEHHO. YUMTbIBANU 3HaYeHUs NPo-
KanbLUTOHWHa 6onee 10 Hr/MN Ans onpefeneHnst pa3BuTus 6akTepuanbHoOro BocnaneHus. PesynbtaT onpegenexus
MaHHaHOBOro aHTUreHa pacLeHMBanNcs Kak NonoXnTenbHbIA NpU KOHUEeHTpauuu =125 nr/mna. MaHHaHOBbIV aHTUreH
Candida spp. no3BosiMA cyauTb 0 NPUYACTHOCTH K MHPEKLMOHHOMY npoueccy rpuéos Candida spp..

PesynbraTbl. KOMnneKcHbIn nogxoa K AnarHoCcTUKe MHMEKLUMIn KpOBOTOKA YBENUYNIT MPOLIEHT BbISIBNEHWUSA NaTOrEeHOB
10 58,7%. CnepyeT NpUHATL BO BHUMaHWE, YTO TECTUPOBaHWE 6aKTepUanbHON MHDEKLMM KaK METOLOM reMOKYNbTH-
BUPOBaHMSA, TaK 1 METOAOM OMnpeAeneHns NPoKaabLMTOHNHA B CbIBOPOTKE KPOBM BbISIBUIO UX MOYTU OANHAKOBOE
AnarHoctuyeckoe 3HadyeHue. TecTupoBaHMe MaHHAHOBOrO aHTUreHa Candida spp. 3HaUUTENbHO YNYYLLIWIIO PaHHIOK
OMarHOCTUKY KaHAWA03HOM MHEKLMM HECMOTPS Ha OTPULLATENBHYIO FrEMOKYbTYPY, YTO, BEPOSITHO, CBSI3aHO C ANN-
TeNbHbIM KynbTuBMpoBaHueM Candida spp. B Kpoeu (0T 2 Ao 5 cyTok). BkoyeHue TecTupoBaHus 6MoMapKepoB
B a/IrOPUTM AMAarHoCTUKM Npu NOLO3PEHUMN Ha MHPEKLMIO KPOBOTOKA NO3BOJIMIIO BbISIBUTL BO36YANTENSI KAK MOXHO
paHblUe U HayaTb afleKBaTHYO aHTUGaKTepuanbHyO AN NPOTMBOMPUOKOBYHO TEPANUIO.

3akntoyeHne. KoMnieKkcHbl Noaxos K AMarHocTuke HGEKUUA KpOBOTOKA MNO3BOMWA YNYYLWNUTb U, YTO HE MeHee
Ba)HO, CYLLLECTBEHHO YCKOPUTL Bepudukaumio Bo3byautens. Ecnu B criyyae 6akTepuanbHON MHPeKLMM pesynbTaThbl
reMOKY/IbTUBMPOBAHWSA U TECTMPOBaHUSI GUOMapKepOoB 6blsIM CONOCTaBMUMbI, TO B CllyYae KaHAUL03HOW UHbeKL K
KJTIOYEBbIM B IMarHOCTMYECKOM MiaHe NpefcTaBnseTcs uccnefgoBaHMe MaHHaHOBOro aHTureHa Candida spp., T.K.
MMEHHO OHO OKa3aJloCb 3HAYMTENIbHO YYBCTBUTENIbHEE, YEM pPe3yNbTaT NoceBa KPoBU, U MO3BONIIO UAEHTUDULN-
poBaTb 3TUOJIONUIO IMXOPaAKMN HEACHOTO reHesa y CyLL,eCTBEHHOM YacTy NaLneHToB.

KntoueBble cnosa:
NPOKanbLMTOHWUH, MaHHaH, MHMEKLUMM KpoBOTOKa, Candida spp., AMarHocTmka cencuca, 6MomMapKepbl.
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INTRODUCTION

Worldwide, cancer is the second leading cause
of death and it kills about 8.8 million people ev-
ery year, according to statistics from the World
Health Organization (www.who. Int / mediacentre
/ factheets / fs297). Severe bloodstream infec-
tions and sepsis complicate treatment and the
outcome of recovery, antitumor treatment, and
have a significant negative impact on the life
expectancy and cost of treatment of cancer pa-
tients. Rapid diagnosis of sepsis and initiation of
treatment are key factors in reducing mortality in
cancer patients [1-5]. Infection-mediated mortality
during chemo-induced immunosuppression is an
urgent issue that requires studying risk factors
and developing strategies to reduce mortality by
optimizing diagnostic methods and accompa-
nying therapy [6]. In the etiology of bloodstream
infection, both gram-positive and gram-negative
bacteria are most common. Yeast-like fungi of
the genus Candida play a significant role. Using
modern equipment to get the pathogen from the
blood is still problematic. In addition, it takes from
a day to several days. In this situation, biomarkers
are an objective and reliable way for a clinician to
quickly respond to the possible development of
an infectious complication [7-8].

It was discovered by chance that bacterial infec-
tion increases the concentration of procalcitonin
in the blood. This contributed to the procalcitonin
usage as a marker of bacterial infections. In con-
trast to all known markers of inflammation, the
method for determining procalcitonin is more
sensitive and highly specific for severe bacterial
infection [9-14]. Yeast fungi of the genus Candi-
da spp are one of the most common pathogens
of invasive mycoses. Diagnosis of invasive can-
didiasis is difficult due to the non-specific clini-
cal symptoms and insufficient sensitivity of the
hemocultivation method. One of the available
biomarkers of invasive candidiasis that allow us
to judge the presence of invasive candidiasis is
mannan, one of the Candida spp. antigens, which
is a soluble polysaccharide bound to the walls of
yeast cells [15].

So, the development and application of new and
improvement of existing methods for determining
the pathogen, which allow to accelerate and clarify
the etiological factor of bloodstream infection for
the earliest possible start of specific treatment, is
an urgent task of modern medicine.

The purpose of the study: to evaluate the diag-
nostic significance of accelerated and accessible
verification of the bloodstream pathogen using
biomarkers: procalcitonin and mannan antigen.

PATIENTS AND METHODS

349 cancer patients with febrile fever from 6 med-
ical and diagnostic hospitals of the southern Federal
district of the Russian Federation were examined
during 2019. Patients (men and women) aged from
1 to 85 years were in intensive care units, pediatric
oncology and oncohematology departments. There
are informed patient consents for research.

The diagnostic algorithm included a blood test
using an automatic bact/ALERT 3D analyzer. Two
sets of vials were used for one septic episode.
Each set included: for patients with a body weight
of more than 36 kg: a bottle for aerobic and anaer-
obic cultivation and a volume of 10 ml of blood
in each bottle. For children with a body weight
of up to 36 kg (inclusive), two pediatric vials and
a volume of blood from 0.5 to 5.0 ml per vial, also
depending on body weight. Each blood culture
was accompanied by a parallel study of the level
of biomarkers by the immune-enzyme method.
Identification of strains and their sensitivity to
antimicrobial agents was performed using an
automatic Vitek 2 analyzer (BioMerieux, France).
Simultaneously with the seeding, a sample was
taken into a vacuum tube for an enzyme-linked
immunoassay (determination of the level of
procalcitonin and the mannan antigen Candida
spp). Procalcitonin values of more than 10 ng/ml
were taken into account to determine the develop-
ment of bacterial inflammation. The Candida spp.
manann antigen, as one of the available biomark-
ers of invasive candidiasis, allowed us to judge the
involvement of Candida spp fungi in the infectious
process. The result was considered positive at an
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antigen concentration of 2125 PG/ml. Given the
low specificity of the study of the Candida spp.
manann antigen, the results were compared with
risk factors for the development of invasive candi-
diasis (perforation or surgery of the gastrointesti-
nal tract, infected pancreonecrosis, Central venous
catheter, broad-spectrum antibiotics, diabetes
mellitus, complete parenteral nutrition, severe
patient condition, steroids, immunosuppressors,
acute renal failure, colonization of Candida spp.
more than 2 loci) [16]. The level of procalcitonin
was studied using Procalcitonin-ELISA-BEST (Rus-
sia). Determination of manann antigen — using
kits Platelia Candida Ag (France). Statistical data
processing was performed using the statistical
package STATISTICA 13.3 (StatSoft Inc., USA).
Pearson's Chi-square test was used to compare
the data.

The results of the study and their discussion

As aresult of the microbiological study, positive
blood cultures were obtained in 84 patients, which
was 24.1%. Pathogens were distributed as follows:
bacteria made up 73.8% (65 strains), yeast-like fun-
gi of the genus Candida spp. they made up 22.6%
(19 isolates). Bacterial-Candida associations were
detected in 3 (3.6%) cases in particularly severe

patients, which significantly worsened the condi-
tion of patients.

In a parallel study of biomarkers (procalcitonin
and manann antigen Candida spp.), an increased
level of one of them was found in 205 (58.7%) pa-
tients (Fig.1). Procalcitonin values of 10 ng/ml or
more were observed in 68 (33.2%) patients, which
indicated in favor of severe bacterial inflammation.
A positive result of the Candida spp. manann anti-
gen was found in 118 (57.6%) patients. The results
allowed us to suggest Candida infection of the
bloodstream in the presence of appropriate clini-
cal signs and risk factors for the development of
invasive candidiasis. In 19 (9.2%) patients, two bio-
markers were elevated, indicating a possible mixed
infection. The results obtained when comparing
the informative characteristics of the two methods
for diagnosing blood flow infection showed statis-
tically significant indicators (p<0.0001).

The results obtained made it possible to opti-
mize treatment tactics and start adequate etiotro-
pic therapy in a timely manner.

In a comparative analysis of the study using
biomarkers and hemocultivation for bacteria, al-
most comparable values were obtained: positive
hemoculture in 65 (73.8%) patients and 68 (33.2%)
patients with procalcitonin levels of 10 ng/ml or

Table 1. Characteristics of patients

Characteristics Abs. numbers Percentage
Male 140 40.1
Sex
Female 209 59.9
1-7 years 5 1.4
8-12 years 12 3.4
Age, years 13-17 years 42 12.0
18-40 years 40 11.4
41 and more 250 71.6
oncohematological 212 60.7
Leading disease tumors of the gastrointestinal tract 89 25.5
Lung Tumors 48 13.8
Surgical 122 35.0
The management
polychemotherapy 227 65.0
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more. According to Pearson's Chi2 criterion, the dif-
ference was significant, p=0.0001. Slightly different
results were obtained for the yeast-like fungi Candi-
da. Candida from the blood was isolated in only 19
(9.2%) patients, at the time, as the level mannopova
antigen R. Candida was elevated in 118 (57.6%)
patients (according to Pearson's Chi2 criterion, the
difference was significant, p=0.0006). Taking into
account the clinical manifestations and risk fac-
tors, despite the negative result of blood seeding,
which was probably due to long-term cultivation of
Candida spp. antifungal therapy was prescribed to
all patients, with the positive dynamics. Positive
results with the use of biomarkers suggested the
presence of bacterial-Candida associations in 19
(9.2%) patients, while associations were obtained
only in three (according to Pearson's Chi2 criteri-
on, the difference in this case was not significant,
p=0.12). All these patients were in the departments
of anesthesiology and intensive care after surgery.
Their condition was assessed as extremely serious.
In this case, the measurement of the mannan anti-

A positive hemoculture o —

Positive biomarkers

73.8
80

70
60
50
40
30
20
10

57.6

%

— e

gen Candida spp. compared with the risk factors for
the development of invasive candidiasis, allowed
suggesting an invasive candidiasis infection and
prescribing an adequate timely therapy. The data
obtained are shown in figure 2.

When diagnosing a bacterial pathogen of blood
flow, the culture method showed an advantage and
amounted to 73.8%. The use of the biomarker in this
study was 33.2%. The advantage of the culture meth-
od was the identification of the pathogen and the
determination of antibiotic sensitivity. However, the
culture method for diagnosing the bacterial patho-
gen was significantly comparable with the results
of the study of the level of procalcitonin (p=0.0001).

When diagnosing Candida infection, the best
result was obtained when using the Candida spp
mannan antigen and was 57.6%, and in hemoculture
- 22.6%, which was a statistically reliable indica-
tor (p=0.0006). The result can be explained by the
complexity of fungal cultivation in hemoculture.

In bacterial-Candida Association, diagnosis
using biomarkers was 9.2%, and in blood culture

Fig. 1. Comparative characteristics of the
information content of two methods for
diagnosing bloodstream infection.

m Biomarkers
m Blood culture

Fig. 2. Comparative values of diagnostics

Bacteria Candidas

Associations

of bacteria and Candida by two diagnostic
methods in percent.
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— 3,6%. During statistical processing, the differ-
ence was not significantly significant (p=0.12).
The result can be explained by a small number of
cases of bacterial-Candida Association.

Additional and/or repeated clinical and labora-
tory tests were performed for 60 (17.2%) patients
with negative hemoculture and biomarker levels
within the normal range.

As a result of these studies, much later, but
the pathogen was verified in 10 more patients.
All 10 patients had a positive level of biomarkers,
of which 4 had an increased level of procalcitonin,
and 6 had positive values of the Candida spp man-
nan antigen. When repeated blood cultures were
sown in 6 patients, the growth of hemoculture was
also obtained (bacteria were isolated from 4 sam-
ples, and Candida from 2 samples).

In 26 patients with persistent febrile fever, the con-
dition was regarded as a manifestation of cancer.

24 patients were diagnosed with fever of un-
known origin (no infectious agent was detected in
additional studies, and no data were found for the
progression and recurrence of the cancer process).

Thus, the culture method of hemoculture re-
search allowed us to verify the causative agent of
blood flow infection in 24.1% of cancer patients
during the initial study and with additional repeated

blood cultures in 6 more patients. Multiple (dy-
namic) studies of the level of biomarkers in this
diagnosis improved the result to 61.6% with a sig-
nificant difference of p<0.0001.

CONCLUSION

In case of bacterial infection of the bloodstream,
the culture method showed an advantage in iden-
tifying the pathogen and allowed to determine an-
tibiotic sensitivity in comparison with the use of
a biomarker, but the determination of procalcitonin
allowed to reduce the time for obtaining the result,
which is extremely important for determining the
direction of the pathogen of bloodstream infection
in cancer patients.

The use of the mannan antigen Candida spp.
in diagnostics demonstrated a significantly high-
er sensitivity than the result of hemocultivation,
which is probably due to the extended period of
cultivation of Candida in the blood.

An integrated approach with the study of the lev-
el of biomarkers in the diagnosis of bloodstream
infections in cancer patients allowed to improve
and significantly accelerate the verification of the
pathogen, which in turn contributed to timely ade-
quate antibacterial or antifungal therapy.
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