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Abstract

Introduction. Clostridioides difficile — an anaerobic, spore-forming, Gram-positive bacteria — is a component
of the normal intestinal microflora. C. difficile-associated infection develops during its overcolonisation, when
vegetative forms produce exotoxins that cause inflammation n the colon wall. Toxigenic strains of C. difficile are

the main cause of healthcare-associated infections in hospitals.

The aim of the study is to investigate the frequency of detecting C. difficile (both toxigenic and non-toxigenic
strains) in patients admitted to the gastroenterology department of the Yu.M. Lopukhin Federal Scientific Clinical
Center for Physical and Chemical Medicine of the Federal Medical Biological Agency of Russia in 2021-2023 with

diarrhea syndrome and other established diagnoses.

Materials and methods. The study included 547 patients aged 19-88 years (46.6% male, 53.4% female).
Real-time polymerase chain reaction was used to detect C. difficile DNA and its toxin A and B genes, and a
bacteriological examination of stool was also performed. Upon detection of clinical signs of bacterial infection, a

C-reactive protein (CRP) test was performed.

Results. C. difficile DNA was detected in 65 (11.9%) patients, and toxins A and B genes were found in 32 (5.9%)
patients. Non-toxigenic strains were more frequently detected in men (55%) under 40 years, while toxigenic
strains were equally frequent in both sexes under 40. CRP analysis indicated that inflammatory processes were
more likely in patients over 40 years old. The predominant diagnosis in toxigenic strain carriers with high CRP was
C. difficile-associated enterocolitis (ICD-10: A04.7), whereas in the non-toxigenic group, it was ulcerative colitis
(ICD-10: K51). Extended bacteriological analysis revealed significant gut microbiota imbalances in all patients.

Conclusion. Over the three-year surveillance period, the prevalence of C. difficile-positive patients increased
from 6.6 to 7.9%, and the proportion of samples positive for toxin A/B genes rose from 5.2% to 7.9%. These
findings underscore the necessity for enhanced preventive measures to mitigate risk factors for CDI in hospital
settings. Therefore, preventive measures are necessary to reduce the impact of risk factors for the development

of C. difficile-associated infection in hospitals.
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MouuTtopuHr Clostridioides difficile-accounnpoBaHHon
nH$eKu N B yCNOBUAX CTaLMOHapa

lfocnogapuk A.B.%, Mpoxoposa H.[., Kynukosa B.K., KanauHiok T.H.,
Xpombix H.U., Kyapasuesa [0.B., becnatbix [0.A.

QepepanbHbIi HAYYHO-KINHUYECKUI LEHTP GU3NKO-XMMUYECKOW MeQULUHbBI MMeHn akagemuka FO0.M. JlonyxumHa,
Mocksa, Poccnsa

AHHOMauyusi

BeepeHue. Clostridioides difficile — Bna aHasapobHbIX cnopoobpasytoLmx rpamnonoxuTensHblix 6aktepnin — sB-
NSIETCS COCTAaBHOW YaCTbio HOpMarbHOM MUKpodriopbl kuwedHuka. C. difficile-accounnpoBaHHas MHGEKLNS pas-
BMBAETCA Npu n3bbITouHON KonoHu3aumm C. difficile, BeretaTnBHble (hOPMbI KOTOPO CNOCOOHBLI NPOAYLMPOBaTL
3K30TOKCUHbI, Bbi3biBaloLLMe BOCManeHne B CTEHKE TONCTON KuWKKW. TokcureHHble wtammel C. difficile apnsatotcs
OCHOBHbIM BO30yauTENEeM MHAEKLNIA, CBA3AHHBIX C OKa3aHWeM MEOMLMHCKOM NOMOLLM B CTaLMOHape.

Llenbto uccnenoBaHuA ABNSETCA u3ydeHue yactoThbl BeigBneHus C. difficile (kak TOKCUreHHbIX, Tak U HETOK-
CUreHHbIX LWITaMMOB) Yy NauMEHTOB racTpoaHTeponornyeckoro otgeneHns ®HKL XM um. KO.M. JlonyxuHa
®MBA Poccuu, rocnutanuampoBaHHblix B 2021-2023 . ¢ CMHOPOMOM AMapen U ApyruMu YCTaHOBMEHHbLIMU
AvarHo3amm.

MaTtepuanbi u metoabl. B nccnegosaHue 6binn BkntoveHsl 547 naumeHToB B Bo3pacTe 19-88 net (46,6% Myx-
4nH, 53,4% xeHwmnH). Ang seissnenuns OHK C. difficile n reHoB eé TokcnHoB A 1 B npumeHanu meTtod nonmmepas-
HOW LIENHON peakuun B pearbHOM BPEMEHW, JOMOMHUTENBHO nNpoBoannu Bakteprnonormyeckoe nccnegoBaHve
kana. MNpu oBHapyXeHWUM KNMHUYECKNX NPU3HaKoB BakTepuanbHON MHEKLUN NPOBOAMN aHanm3 Ha C-peakTume-
Hbl 6enok (CPB).

Pesynsratbl. HK C. difficile BbisiBneHa y 65 (11,9%) nauneHToB, reHbl TOKCMHOB A 1 B 06HapyxeHbl y 32 (5,9%)
naumeHToB. HeTokcurenHsle wrammel C. difficile yawe aetektupoBanucb y MyxunH (55%) B BospacTte go 40 ner.
TokcureHHble wtammel C. difficile ¢ oguHaKoBOM YacTOTOW BCTpeYanuchb y MY>XYMH M XEHLUMH B Bo3pacTe A0
40 net. AHanus Ha CPB nokasan, 4To BocrnanuTenbHble NPOLECChl Yalle pa3BuBalTCHA y MaLMEHTOB CTapLue
40 nert. NpeobnagatoLee 3abonesaHne ¢ BbiICOkMM nokasaTtenem CPB y nauneHToB C TOKCUTEHHbIM LUTAMMOM —
3HTepokonuT, Bbl3BaHHbIN C. difficile (koanposaHue no MKB-10: A04.7), B rpynne ¢ HETOKCUreHHbIM LUTaMMOM —
Yy NaUMEHTOB C ANArHo30M: i3BEHHbIV konuT (kognpoBaHue no MKB-10: K51). Y Bcex naumeHToB Habnoganvcb
Bblpa)KEHHbIE HapyLlleHUsa BanaHca KULIEYHON MWKPOMropbl COrMacHo pa3BEpPHYTOMY GakTepuonormyeckomy
aHanuay kana.

3akntoyeHue. B pesynsrate TpéxneTHero MOHMTOPUHIa YCTaHOBIEHO yBenuyeHue gonv nauueHTos ¢ C. difficile
¢ 6,6 0o 7,9%. [onsa o6pa3uoB, nonoxuTenbHbIX Ha reHbl TokcnHoB A/B C. difficile, Taoke yBennyunace ¢ 5,2 oo
7,9%. Takum obpa3omM, HeobxoaMMO NPOBOAUTL NPOUNAKTUYECKUE MEPONPUATUS ANS YMEHbLUEHNUS BNUSHUSA
dakTopoB pucka passutus C. difficile-accoummpoBaHHO MHEKUMM B CTaUMOHape.

KnroueBble cnoBa: cuHOpom Ouapeu, Clostridioides difficile, mpa+Hcrnnanmauusi gpekansHolU MuKpobuomel,
anudemMuono2u4ecKull MOHUMOPUHE 8 yCII08USIX cmauuoHapa, MUKpobuonoau4ecKkuli MOHUMOPUHE 8 yCIio8usiX
cmauyuoHapa

BnazodapHocmb. ABTOpbI BbipaxatoT 6narogapHoctb cotpyaHukam ®HKL @XM um. KO.M. JlonyxuHa PMBA Poccuu:
Bpady KN UMMu[ B.I". KapgawsH v denbawepy-nabopaHTty E.C. Bacuy 3a nomolps B cbope AaHHbIX 13 naboparop-
HOW MHOPMALMOHHOW CUCTEMBI.

Amuuyeckoe ymeepxdeHue. ViccrienoBaHue npoBoaniock Npyu 4o6poBoNbEHOM MHEPOPMUPOBAHHOM COFnacumn naum-
eHToB. [poTokon nccnenoBaHusi ogobpeH nokanbHbIM aTudeckuM kommutetom GHKL ®XM um. KO.M. JlonyxuHa PMBA
Poccum (npotokon Ne 2022/05/31 ot 31.05.2022).

UcmoyHuk ¢huHaHcupoeaHus. PaGota no onpeaeneHnio YacToTbl BCTPEYAEMOCTU U NEKapCTBEHHON YCTOMYMBOCTH
BbIMOMHEHa npuv hrMHaHcoBon nogaepxke Poccuiickoro HayyHoro cdpoHaa (npoekt Ne 23-19-00788). PaboTa no BbisiB-
NEHWI0 KoppensLmMn ocHoBHOro 3abonesaHust u uHdekumn C. difficile, aHanua conyTcTByOLWMX BUOXMMMYECKUX Map-
KepoB, BO3MOXHOCTb HOCUTENbLCTBA CNop BHE BONbHULBI BLINOMIHEHA B paMKax rocyAapCTBEHHOro 3adaHusi «Amarnb-
Tes-1» (Homep rocygapcTBeHHoro yyéta HUOKTP 124031500113-3).

KoHgbnnukm uHmepecoe. ABTOpbl AEKNapupyoT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB MHTEPECOB, CBSi-
3aHHbIX C NyGnuKaLmeit HacTosILLei CTaTbu.

Ans yumupoeaHus: Tocnogapuk A.B., MNMpoxoposa H.O., Kynukosa B.K., KanayHiok T.H., Xpombix H.U., Kyapsisue-
Ba K0.B., becnateix KO.A. MonuTopuHr Clostridioides difficile-accoummnpoBaHHON MHEKUMN B YCNOBUSIX CTalMoHapa.
XKypHan mukpobuornozuu, anudemuonoauu u ummyHobuonoauu. 2025;102(5):605-614.
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Introduction

Ensuring a safe environment for patients and
healthcare workers and maintaining quality control of
medical care are top priorities for healfcare institutions.
Reducing morbidity and mortality associated with nos-
ocomial infections is of particular importance. A key
factor in mitigating the risk of healthcare-associated
infections (HAIs) is establishing an effective epidemio-
logical surveillance system. Such a system enables the
timely detection of infectious diseases in both patients
and healthcare workers, thereby improving the safety
and quality of medical care. Furthermore, preventive
measures aimed at reducing HAIs can help mitigate
social risks and the likelihood of insurance claims for
patients and healthcare workers'.

The causative agents of HAIs are diverse, includ-
ing microorganisms, protozoa, helminths, viruses, and
prions. Among them, toxigenic strains of Clostridioides
difficile are the most common. Numerous factors con-
tribute to the development of C. difficile infection, the
primary one being the use of antibacterial therapy and
the associated alteration of gastrointestinal microflora.
The highest risk is associated with antibacterial drugs
from the penicillin, cephalosporin, fluoroquinolone,
and clindamycin groups. Other risk factors include age
over 65, theuse of proton pump inhibitors in treatment
regimens, and comorbidities. The transmission mecha-
nism for C. difficile-associated infection is fecal-oral,
occurring through contact with contaminated hands of
healthcare personnel, used medical equipment, and sur-
faces in hospital rooms. C. difficile is part of the normal
intestinal microflora, and carriers of its spores can be
both patients and healthcare workers. The emergence of
vegetative forms can be associated with individual host
factors, disruption of the intestinal microflora compo-
sition, its stability, and a decrease in the abundance of
Firmicutes and Bacteroides.

The clinical manifestation of C. difficile infec-
tion is due to the pathogenic properties of the vegetative
forms, which can produce exotoxins: enterotoxin A,
cytotoxin B and binary toxin CDT. Certain strains pro-
duce both toxins A and B, others only toxin A or binary
toxin, and less commonly, only toxin B. The presence
of a high titer of antitoxic antibodies and colonization
resistance of the normal intestinal microflora can result
in clinically asymptomatic forms of the disease.

Etiological identification of C. difficile-associated
infection is relevant in the presence of clinical forms of
the disease. Laboratory diagnosis should employ multi-
ple methods to improve accuracy. In Russia, according

! Methodological recommendations "Epidemiological diagnosis of
infectious diseases related to the provision of medical care, based
on standard definitions of the case." 2024.

URL: https://nasci.confreg.org/libs/files/mr_sos.pdf (data of
access: 08.06.2025). (In Russ.)

to clinical guidelines?, and considering the ACG clin-
ical guidelines [1], a three-stage algorithm for labo-
ratory confirmation is recommended for diagnosing
C. difficile infection:

1. Isolation of a toxigenic C. difficile using bacte-
riological methods and determination its susceptibility
to antibacterial drugs.

2. Detection of glutamate dehydrogenase in fecal
samples using serological methods (immunochromato-
graphic assay, enzyme-linked immunosorbent assay) or
polymerase chain reaction (PCR)..

3. Detection of toxins A and B in fecal samples
using serological methods and PCR [2].

The gold standard for establishing disease etiol-
ogy is the bacteriological method of isolating a pure
culture and determining its cytotoxicity on cell culture.
However, assesing toxin production by isolated C. dif-
ficile strains via cell culture assay is burdensome for
practical laboratories in medical organizations, despite
its high sensitivity and specificity. Furthermore, the iso-
lation of a pure C. difficile culture from patients with
signs of acute intestinal infection is not routinely per-
formed and is not included in the standards of medical
care for intestinal infections of unknown etiology.This
significantly hinders timely diagnosis when diarrheal
syndrome occurs in a hospital setting within 48 hours
of admission or when a clinical episode of diarrhea is
linked to a hospital stay within the previous 4 weeks.
Such cases should be considered healthcare-associated
infections (HAIs) regardless of whether the infection is
exogenous or endogenous [3, 4].

Enzyme-linked immunosorbent assay (ELISA)
for the detecting C. difficile toxins A and B in fecal
samples is the most widely used method in multidisci-
plinary hospitals in Russia.

Real-time PCR (qPCR) is a highly sensitive and
prioritized method due to its rapid turnaround time. It
is used in medical organizations with PCR capabilities
for the simultaneous detection and identification of C.
difficile DNA and genes for toxin A and B in biological
material (feces). Combining PCR with other methods
can increase the predictive value of a positive result [5].

The aim of the study was to investigate the frequen-
cy of C. difficile detection (both toxigenic and non-toxi-
genic strains) in patients admitted to the gastroenterolo-
gy department of a multidisciplinary hospital.

Materials and methods

A retrospective observational, open, descriptive
study was conducted in the gastroenterology depart-
ment of the Y.M. Lopukhin Federal Scientific Clinical

2 Clinical recommendations "Clostridial infection: diagnosis,
treatment and prevention". 2022. URL: https://www.rnmot.ru/
public/uploads/RNMOT/clinical/2022/®@UHAJIBHBIE%20
KIIMHNYECKHNE%20PEKOMEH AN %20KnocTpuanans-
Hasn1%20uHpexnns%209112022.pdf (data of access: 08.06.2025).
(In Russ.)
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Center of Physical and Chemical Medicine from Janu-
ary 1, 2021 to December 31, 2023.

Inclusion criteria were: male and female patients
aged 18-89 years hospitalized in the gastroenterology
department, presenting with clinical signs of diarrhea
syndrome, and diagnosed with various conditions in-
cluding irritable bowel syndrome (ICD-10 code: K58),
inflammatory bowel diseases (ulcerative colitis (K51),
Crohn's disease (K50)), C. difficile-associated entero-
colitis (A04.7), pseudomembranous colitis (K52.8) and
megacolon (K59.3).

Exclusion criteria were: patients with diarrhea
without a confirmed diagnosis; the presence of men-
tal or behavioral disorders preventing proper histo-
ry taking; immunodeficiency conditions ( HIV, bone
marrow or organ transplantation, primary immuno-
deficiency); a concomitant illness requiring hospital-
ization/surgery or considered life-threatening within
30 days prior to or at enrollment, as assessed by the
investigator; and a history of severe alcohol, drug, or
narcotic dependence.

The study was conducted with voluntary in-
formed written consent from all patients. The study
protocol was approved by the local ethics committee
of the Y.M. Lopukhin Federal Scientific Clinical Cen-
ter of Physical and Chemical Medicine of the Fede-
ral Medical Biological Agency of Russia (protocol
No. 2022/05/31 dated May 31, 2022).

All included patients underwent a bacteriologi-
cal stool examination and PCR detection of C. difficile
DNA and the genes encoding toxins A and B (fcdA,
tcdB). Patients with clinical signs of bacterial intestinal
infection (persistent fever > 3 days despite antipyretic,
leukocytosis with neutrophilic shift presence of patho-
logical impurities in the stool — blood, mucus) also
had blood test for C-reactive protein (CRP).

Stool analysis for C. difficile DNA and detection
of toxin A and B genes

Stool samples for C. difficile testing were col-
lected within the first 24 hours of admission to ensure
standardization. DNA extraction from feces was per-
formed using the NK-SORBENT nucleic acid isolation
kit (NPF Lytech). Extracted DNA was stored at -20°C
prior to PCR.

Detection and differentiation of C. difficile DNA
and toxins A and B genes were performed using the
Fluoroplex Clostridioides difficile + Toxin A + Toxin B
reagent kit (NPF Lytech) via real-time PCR on a CFX96
thermocycler (Bio-Rad Laboratories). An internal ex-
ogenous control (detected in the HEX channel) was in-
cluded to monitor DNA extraction quality and prevent
false-negative results. PCR conditions were: 80°C for
2 minutes, 95°C for 1 minute 30 seconds, followed by
40 cycles: 95°C for 15 seconds, 60°C for 30 seconds
and 72°C for 40 seconds. A total of 547 DNA samples
were tested.

ORIGINAL RESEARCHES

Bacteriological stool culture

Analysis was conducted according to the meth-
odological guidelines "Bacteriological Diagnosis of
Dysbacteriosis" (approved on April 14, 1977) and OST
91500.11.0004-2003 "Patient Management Protocol."
Intestinal dysbacteriosis. One gram of the native stool
sample was homogenized in 9 mL of physiological sa-
line (1/10) and left at room temperature for 10—15 min-
utes. From the original dilution (10"), a series of subse-
quent dilutions were prepared up to 108. The resulting
suspension was inoculated onto culture media for culti-
vating various groups of microorganisms.

Bacteriological analysis was evaluated:

* after 20-22 hours on Endo, blood agar, SS agar

and XLD agar;

« after 48 hours on Sabouraud's medium, yolk salt

agar and milk-inhibitory;

« after 72 hours on Blaurock, MRS-2 and iron

sulfite agar.

Statistical analysis

The sample size was not calculated a priori. Sta-
tistical analysis was perfomedusing SPSS Statistics v.
27 (IBM). To analyze the prevalence assessment of
toxigenic and non-toxigenic strains, indicators such as
the incidence rate and the structure of morbidity (pro-
portion) were used. Quantitative data were assessed for
normality. Frequency data within groups are presented
as percentage. Descriptive statistics (absolute values,
percentages) were used. Given the descriptive nature of
the analysis of trends from 2021-2023, the statistical
significance of differences was not calculated.

Results

Research subjects (participants)

The study included 547 individuals aged 19-88
years, comprising 255 (46.6%) men and 292 (53.4%)
women. The average hospital stay was 9.44 days.

Main research findings

Real-time PCR detected C. difficile DNA in 65
patients (34 male, 31 female), representing 11.9% of
the sample. Toxin A and B genes were found in 32
(5.9%) patients. Non-toxigenic C. difficile strains were
predominantly found in men (55%) under 40 years
old. Toxigenic strains were found with equal frequen-
cy in men and women under 40.Analysis from 2021 to
2023 showed an increase in patients with C. difficile
from 6.6% to 7.9%. The detection rate of toxigenic
C. difficile strains also increased from 5.2% to 7.9%
(Table).

The frequency of various diseases among pa-
tients with confirmed C. difficile infection is shown in
the Figure.

Non-toxigenic C. difficile strains (n = 33) were
identified in patients with C. difficile-associated entero-
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Detection rate of toxigenic and non-toxigenic C. difficile strains in patients during the observation period 2021-2023 (n=547)

. 2021 2022 2023 Total
Analysis atients
number of patients % number of patients % number of patients % p
Non-toxigenic strains of 14 6.6 6* 3.5 13 7.9 33
C. difficile have been identified
Toxigenic strains of C. difficile 11* 5.2 8 4.7 13 7.9 32
(toxins A and B) were identified
C. difficile strains were not 186 88.2 157 91.8 139 84.2 482
identified
Total patients 211 171 165 547
Note. *One patient was hospitalized twice: the first time in 2021, then independently a second time in 2022.
a A04.7 b
Enterocolitis
caused by Other diseases;
C. difficile; 21,2 18,8
Other diseases;
30,3
. K51.0 Ulcerative A04.7
b K5? Irntgble _ colitis; 12,5 Enterocolitis
owel 1sgn1 rome; caused by

K51.0 Ulcerative

colitis; 15,2 K50.8 Crohn’s

disease; 21,2

C. difficile; 53,1

K50.8 Crohn’s
disease; 15,6

Distribution of confirmed diagnoses in patients with diagnosed non-toxigenic (a) and toxigenic (b) C. difficile strains.

colitis (7, 21.2%), Crohn's disease (5,15.2%), ulcer-
ative colitis (5, 15.2%), and irritable bowel syndrome
(4, 12.1%). In 10 (30.3%) cases, non-toxigenic strains
were detected in patients with gastrointestinal diseases
(e.g., chronic pancreatitis, steatohepatitis, stomach ul-
cers).

Toxigenic C. difficile strains (n = 32) were detect-
ed in patients diagnosed with: C. difficile-associated en-
terocolitis (17, 53.1%), Crohn's disease (5, 15.6%), ul-
cerative colitis (4,12.5%), and other ulcerative lesions
in the large intestine (6,18.8%).

Blood biochemistry parameters

CRP were measured in 49 of the 65 patients with
detected C. difficile strains. CRP levels were elevated
(>5 mg/L) in 22 patients (group with toxigenic C. dif-
ficile strains — 11 people, including 8 men and 3 wo-
men; group with non-toxigenic C. difficile strains —
11 people, including 6 men and 5 women), ranging
from 6.53 to 240.9 mg/L. High CRP levels were more
common in male patients. Among men with toxigenic
strains, the predominant diagnosis (5 out of 11, 45%)
was C. difficile-associated enterocolitis (all over 40). In
the non-toxigenic group, the largest proportion of men
(4 out of 11, 36.4%) had ulcerative colitis (aged 40—60).

These results suggest a higher likelihood of inflamma-
tory processes in patients over 40 with various forms
of colitis.

Bacteriological stool analysis

A comprehensive bacteriological analysis for in-
testinal dysbiosis was performed on 36 (55.4%) pa-
tients with positive PCR for C. difficile based on clini-
cal indications. All exhibited significant disturbances in
intestinal microflora (normoflora): reduction in obligate
anaerobes (bifidobacteria and lactobacilli were signifi-
cantly reduced in some cases), a shift in the ratio of
lactose-positive and lactose-negative Escherichia coli
toward the latter, the appearance of hemolytic Esche-
richia coli, and a decrease in the total number of entero-
cocci. Contamination with sulfite-reducing Clostridium
spp. above normal (< 10°) was detected in 20 (55.6%)
patients. In 18 (50%) patients, increased colonization
with opportunistic microflora was detected, including
Proteus spp., Klebsiella spp., Citrobacter spp., Entero-
bacter spp., Acinetobacter spp., and Staphylococcus
aureus. At the same time, increased presence of Candi-
da fungi was detected in 13 (36%) patients, indicating
imbalances in the intestinal microflora, caused in part
by antibiotic therapy.
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Treatment of C. difficile-associated infection

Among the 65 PCR-positive patients, 24 (36.9%)
received first-line antibiotic therapy with oral vanco-
mycin (1 g/day for 10-14 days). This group included
18 patients with toxigenic strains and 6 with non-toxi-
genic strains.

For recurrent C. difficile infection, 6 patients
(4 women, 2 men under 60 years old) diagnosed with
C. difficile-associated enterocolitis underwent fecal mi-
crobiota transplantation (FMT) into the terminal ileum
via an endoscopic instrument channel.

Recurrences (relapses of the disease)

Re-hospitalization within the 2021-2023 period
for patients with previously detected C. difficile DNA
was recorded in 9 (13.8%; 6 women, 3 men) of the
65 patients. Initial detection was non-toxigenic strains
in 5 patients and toxigenic in 4. Re-hospitalization
occurred in patients with Crohn's disease (3 non-toxi-
genic, 1 toxigenic), ulcerative colitis (2 non-toxigenic,
2 toxigenic), and enterocolitis from a toxigenic strain
(1 patient).

Discussion

Summary of Research Findings

Including gastroenterology patients with diarrhea
syndrome allowed us to cohort with signs of active
C. difficile infection. This approach aligns with interna-
tional hospital testing practices for C. difficile infection.
According to ACG guidelines, testing should be con-
sidered for individuals with >3 loose stools in 24 hours,
those with high comorbidity indices (oncology, hema-
tology, transplant patients), and patients with signs of
intestinal obstruction [6, 7]. Our results indicate an in-
crease in C. difficile infections in the gastroenterology
department from 2021 (6.6%) to 2023 (7.9%), includ-
ing an increase in toxin-positive from 5.2% to 7.9%.
This rise may be linked to the COVID-19 pandemic.
T. Zuo et al. concluded that COVID-19 adversely af-
fects gut microbiota, reducing colonization resistance
against C. difficile [8].

The inclusion of C. difficile in the ESCAPE
pathogen group and its ability to form hospital strains
(clones) is concerning. Besides primary C. difficile dis-
eases (enterocolitis, pseudomembranous colitis, mega-
colon), superinfection can complicate other conditions
like Crohn's disease and ulcerative colitis [9]. There-
fore, epidemiological and microbiological monitoring
for C. difficile in gastroenterology department, both
in symptomatic patients and those with risk factors is
highly relevant. The development of C. difficile in-
fection in patients can be associated with endogenous
causes (the development of clinical signs of the disease
in asymptomatic carriers due to excessive colonization
with C. difficile and toxin production), as well as with
medical care [10]. M. Sartelli et al. report an increase in
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community-acquired cases over the past 20 years (up to
25-28% of C. difficile-associated infections) [11].

Identification of toxigenic and non-toxigenic strains

As part of the normal gut flora, C. difficile may
not cause disease. In this study, since all patients had
diarrhea, the identification of only non-toxigenic C. dif-
ficile strains (without toxin genes) was interpreted as
the diarrheal episode likely not being caused by C. diffi-
cile, but rather by other factors (other infectious agents,
exacerbation of the underlying disease, drug effects,
etc.). While detection of non-toxigenic strains is not al-
ways associated with the presence of an infectious dis-
ease, but there is evidence of asymptomatic carriage of
C. difficile as a predisposing factor for the development
of clinically manifest C. difficile infection [12]. Geo-
graphic variation in asymptomatic C. difficile carriage
rates among hospitalized adults exists, ranging from
4.4% to 23.2% [13]. Detection of toxigenic C. difficile
strains upon admission is associated with an almost
6-fold higher risk of developing clinical infection. The
detection rate of toxigenic C. difficile strains in hospi-
talized patients in a multicenter study by I.M. Zachar-
ioudakis et al. was 8.1% [14]. In our study, the rate in
the gastroenterology department in 2023 was 7.9%.

CRP level test

Using standard laboratory tests like CRP, a sys-
temic inflammatory response marker, in diagnosing
C. difficile infection and assessing severity helps iden-
tify patients at risk for severe disease and poor prog-
nosis.

Bacteriological stool analysis

This study involved patients with an adult gut mi-
crobiome, characterized by diversity, stability, and re-
silience. Significant reductions in diversity and stability
along with decreased abundance of obligate members
(Firmicutes, Bacteroidetes, Actinobacteria), have been
reported in C. difficile infection [15, 16]. A predomi-
nance of Proteobacteria (especially Enterobacteriace-
ae) is also noted. Our bacteriological findings confirmed
intestinal dysbiosis, characterized by an imbalance with
a predominance of opportunistic pathogens like Prote-
us spp., Klebsiella spp., Citrobacter spp., Enterobacter
spp., Acinetobacter spp. and Staphylococcus aureus.

Treatment of C. difficile-associated infection
in the hospital

The choice of anticlostridial therapy according to
Russian clinical guidelines depends on disease severi-
ty. For a first mild episode in patients with a favorable
prognosis (young age, no immunodeficiency/chronic
diseases), metronidazole (500 mg three times daily for
10 days.) can be used. For other patient groups with a
first mild episode of C. difficile infection, vancomycin
(250 mg four times daily for 10 days) is recommended.
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FMT currently has a low evidence level and weak
recommendation, but is suggested for severe/ fulminant
C. difficile infection refractory to standard antibiotic
therapy. Observational study results support the use of
FMT protocols [17]. For example, if severe/fulminant
infection is refractory to vancomycin combined with
IV metronidazole after 5 days, FMT via colonoscopy
is indicated. Results from a randomized clinical trial
by G. Ianiro et al. show effective use of this algorithm
combined with a 14-day vancomycin course, achieving
cure rates of 75% after one FMT and 100% after multi-
ple procedures [18]. However, FMT equires access to a
bank of frozen fecal microbiota.

In our study, 24 (36.9%) out of 65 patients PCR-pos-
itive patients received vancomycin (1 g/day orally). In
the absence of positive clinical and laboratory dynamics,
FMT was performed on 6 patients for the treatment of re-
current C. difficile infection. Clinical effect was achieved
in all patients, and there were no readmissions to the in-
patient department. Our data confirm FMT as a high-
ly promising method for treating C. difficile infections,
consistent with the literature [19-21].

Conclusion

The identification of C. difficile infection across
various patients group underscores the need to test all

patients with diarrhea syndrome for C. difficile. To im-
prove diagnostic accuracy and establish a definitive eti-
ology, a combination of identification methods should
be employed. PCR, being highly sensitive and rapid,
is currently the preferred standalone method for diag-
nosing C. difficile infection. Incorporating PCR into
clinical guidelines and quality criteria for managing
C. difficile infection will facilitate timely diagnosis, ap-
propriate selection of anticlostridial therapy, and reduce
the overall incidence and mortality from HAIs.

A separate issue for epidemiological and microbio-
logical monitoring in medical organizations is screen-
ing healthcare workers for asymptomatic carriage or la-
tent infection, as well as testing environmental surfaces
(diagnostic and treatment equipment, feeding tubes,
etc.) for C. difficile contamination. This is particularly
relevant for gastroenterology departments and will be a
primary focus of our future, more detailed research on
the epidemiology and prevention of C. difficile infec-
tion in hospitals.

Eliminating risk factors for C. difficile-associated
infection, primarily through the rational use of antibi-
otic, is the main preventive measure. Supporting the
host’s dispositional properties, particularly by enhanc-
ing the colonization resistance of the colon, is the pri-
mary strategy for preventing recurrence.
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