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SUMMARY

Introduction/Objective Clostridioides difficile is one of the most common infectious agents and an
important cause of infections among hospitalized patients, often resulting in severe and potentially
fatal outcomes.

The objective of this study was to determine demographical characteristics (age and sex distribution) and
outcomes among hospitalized patients with Clostridioides difficile infection, and to analyze differences in
toxin A, toxin B or toxin A/B prevalence among hospitalized patients with Clostridioides difficile infection.
Methods Retrospective descriptive analysis of 200 patients hospitalized at the Institute for Pulmonary
Diseases of Vojvodina, Serbia, from 2015 to 2018 was performed. The data were obtained using a standard-
ized “Active surveillance of Clostridioides difficile” questionnaire. A non-parametric x* test and binominal
logistic regression was used to validate all hypotheses: focusing on higher infection rates and mortality
in the elderly compared to younger populations, and the predominance of diagnostic methods isolating
both toxins A and B.

Results There are statistically significant differences in the distribution of infection cases among age
groups, particularly with a higher prevalence in individuals aged 66 and older, (p < 0.001). There is a
statistically significant difference in the frequency of respondents in relation to the detection of toxins.
Percentage of representation of toxins is 61.5%.

Conclusion The results show that the most common diagnostic method is the detection of toxins A and
B, rather than isolating either toxin independently. However, the study suggests that certain diagnostic

methods should be supplemented by other newer diagnostic methods.
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INTRODUCTION

Clostridioides difficile (C. difficile) represents
a significant public health issue exacerbated
by the widespread use of antibiotics. Although
it is an anaerobic gram-positive bacterium
that is found both in the intestinal flora and
soil, it also poses a significant risk of infec-
tion among both healthy individuals and hos-
pitalized patients [1]. In the United States of
America, around half a million new infections
are reported each year, while approximately
14,000 deaths are caused by this pathogen
[2]. Upon entering the gastrointestinal tract,
C. difficile transitions from a spore form to an
active vegetative state, which leads to the ap-
pearance of infection. What makes this bac-
terium particularly dangerous are the toxins it
secretes, namely toxin A and toxin B. Toxin A
enhances the cytotoxic effect of toxin B. These
toxins synergistically destroy intestinal epithe-
lial cells and significantly disrupt the intestinal
barrier [3]. It is believed that asymptomatic
colonization of patients admitted to the health
care facility shows a prevalence rate ranging
from 0.6% to 13% [4]. Today, three types of
antibiotics are most often used in the treatment
of this infection: vancomycin, metronidazole,

and fidaxomicin. Fidaxomicin has been proved
to be the most effective in managing recurrent
infection [4]. Resistance to these treatments
often leads to pseudomembranous colitis,
characterized by severe intestinal damage, di-
arrhea, and potentially fatal outcomes [5, 6].
Certain studies show the key role of disrupted
intestinal microbiota in facilitating C. difficile
growth. In addition to the bacterial microflora
of the intestine, it is important to emphasize
that the disturbed fungal microflora also leads
to a significant worsening of the clinical pic-
ture in people infected with this bacterium [7].
Besides causing pseudomembranous colitis in
humans, this bacterium also exhibits pathoge-
nicity in various animal species causing simi-
lar disease profiles. However, bacteriophage
therapy offers a targeted alternative, leveraging
virus specificity against bacterial strains to ef-
fectively mitigate infection [8]. Moreover, in the
case of the bacterium C. difficile, it was discov-
ered that plasmids can affect both pathogenic
potential and antibiotic susceptibility, impact-
ing the regulation and production of its toxins.
The research objectives of these studies were to
detect a potential change in the genome of this
bacterium that would lead to increased sensi-
tivity of C. difficile to antibiotics [9].

Received  MpummeHo:
June 25,2024

Revised - PeBusnja:
August 29, 2024

Accepted - MpuxeaheHo:
September 13,2024

Online first: September 18, 2024

Correspondence to:

Marko KOPRIVICA

Banatska 6A

21000 Novi Sad

Serbia
markokoprivica@uns.ac.rs



506

METHODS

Patients were assessed using a standardized “Active
Surveillance of Clostridium difficile” questionnaire. Toxin
Enzyme Immunoassays (toxin EIA) was used as test to di-
agnose C. difficile infection (CDI). All hospitalized patients
were confirmed by toxin EIA of bacteria by isolating toxins
A and toxin B, as well as toxins A and B simultaneously.
All patients were treated at five clinics of the Institute for
Pulmonary Diseases of Vojvodina. The methodological
goals included assessing the distribution of CDI across
different age groups and sex, two age categories (66 years
of age or older compared to 18-65 years of age), assessing
the lethality rates among these age categories suffering from
the infection, determining the prevalence of toxic detection
(either A, B, or both), determining whether there is a statis-
tically significant difference in the frequency of mortality in
relation to the specific clinic (1, 2, 3, 4, and 5). Determining
whether there is a statistically significant difference in the
frequency of respondents by age category in relation to the
year of hospitalization. Clinic 1 is the Clinic for Obstructive
Pulmonary Diseases and Acute Pneumopathies; clinic 2
is the Clinic for Granulomatous and Interstitial Lung
Diseases; clinic 3 is the Clinic of Urgent Pulmonology;
clinic 4 is the Clinic of Pulmonary Oncology; clinic 5 is
the Clinic of Thoracic Surgery (Table 1).

Table 1. Distribution of outcomes by clinics

Clinics 1 2 3 4 5
Exitus letalis 3 10 22 1 2
Discharged alive 40 49 47 12 14

This table shows the number of people who were discharged alive and who
died at the department’s clinics

The study was approved by the Ethics Committee of the
Institute for Pulmonary Diseases of Vojvodina, Sremska
Kamenica, Serbia, IRB No (27-1I1/3).

Statistical analysis

We used the statistical method for data analysis using the
non-parametric x> test and binominal logistic regression.
This statistical method was utilized to evaluate several hy-
potheses concerning CDI and outcomes. The hypotheses
tested included: increased prevalence of CDI among the
elderly compared to younger demographics, higher mortal-
ity rates in the elderly population, and more frequent utili-
zation of diagnostic methods detecting both toxins A and
B compared to methods detecting only toxin A or toxin B.
For the purpose of sample classification outcomes, based on
sex and age categories, we use binomial logistic regression.
Results were considered statistically significant at p < 0.05.

RESULT

This retrospective examination involved the evaluation of
200 hospitalized patients at the Institute for Pulmonary
Diseases of Vojvodina from 2015 to 2018. Analysis of data
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confirmed the first hypothesis using the x* test, which
compared the empirically obtained frequencies against
expected frequencies. There are statistically significant
differences in the distribution of respondents by age cat-
egories, with a higher representation in the age category
of 66 years and older, (p < 0.001). The second hypothesis
was evaluated using the x* test. It revealed no statistically
significant differences in mortality rates across age cat-
egories (p = 0.55).

The third hypothesis indicates that there is a statistically
significant difference in the frequency of toxin detection
among respondents. Significantly more respondents are
in the group where both A and B toxins were isolated,
compared to groups where only toxin A or only toxin B
was isolated. The hypothesis was confirmed at the level
of p < 0.001. The fourth hypothesis indicates that there is
a statistically significant difference in mortality rates de-
pending on the clinic where treatment was received, with
the most notable differences observed in Clinic 3 (31.9%
mortality rate, and 68.1% discharge rate) at a significance
level of p < 0.05. The results of data testing for hypothesis
tive showed that there is no statistically significant dif-
ference at the p < 0.05 level in the frequency of patients
by age category in relation to the year of hospitalization
(p = 0.33). Examining the interaction of sex and age cat-
egory in the context of lethality was performed by bino-
mial logistic regression. The indicator of significance of
the logistic regression is the x* test. Sex and age do not
make statistically significant contributions to determin-
ing whether an individual belongs to the lethality category
(exitus letalis/discharged).

DISCUSSION

The main characteristic is its multidrug resistance, in-
cluding resistance to carbapenems. Clinically, CDI often
presents with hematochezia, typically associated with
significant dysbiosis of the human intestinal microbiota.
This dysbiosis exacerbates the clinical manifestations of the
infection [10, 11]. Moreover, one of the effective methods
of protection and treatment against various pathogens is
microbiome refining, offering a safer and more efficacious
alternative to fecal microbiota transplantation [12]. In a
case report study, we can see the ability of this bacterium
to cause emphysematous cystitis [13]. Probiotics are in-
creasingly recognized as an effective intervention for vari-
ous diseases, with an emphasis placed on the treatment of
intestinal infections. Probiotics represent bacteria that are
integral to the normal intestinal microflora of an organ-
ism [14]. Certain studies have shown that prolonged use
of proton pump inhibitors can disrupt this microflora by
suppressing hydrochloric acid secretion in the stomach.
In such patients, it would be desirable to use probiotics
to prevent intestinal infections, including those caused by
the bacterium C. difficile [15]. Both in vitro and murine
studies have highlighted the role of bile acids, which, due to
various biochemical processes, slow down and prevent the
growth and development of this bacterium [16]. Certain
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studies have shown that a mixture of different types of anti-
biotics have a statistical significance in the prevention and
reduction of diarrhea, as well as infections caused by the
bacteria C. difficile [17]. There is always the possibility of
false negative test results for C. difficile. In a study conduct-
ed over 15 months in an acute care facility, 50 out of 2308
samples tested showed an inverse correlation between neg-
ative polymerase chain reaction (PCR) results and positive
stool cultures for toxigenic C. difficile detection of this bac-
terium due to discordant samples led to different ribotyp-
ing patterns indicating that they originated from different
strains. In most cases, false-negative C. difficile test results
did not appear to affect clinical outcome in these patients.
The PCR detection limit can affect the results of molecu-
lar methods for the detection of this bacterium [18]. In a
single study, a total of 17 isolates of C. difficile from garden
soil and shoe soles in Perth, Western Australia, failed to
grow as black colonies on ChromID agar. MALDI-TOF
MS analysis confirmed that these strains are C. difficile
bacteria. These white colonies of C. difficile bacteria from
samples and the environment, potentially overlooked when
using ChromID bacteria C. difficile agar, present no patho-
genic threat but highlight risks of false-negative results
[19]. There are three leading methods for identifying a
toxigenic strain of C. difficile: toxigenic culture, a two-step
method that combines C. difficile culture, cell cytotoxicity
assay, and enzyme immunoassay for toxin A/B and gluta-
mate dehydrogenase, and nucleic acid amplification assays
targeting toxin-encoding genes, including PCR, quantita-
tive PCR, loop-mediated isothermal amplification, and
helicase-dependent isothermal amplification of DNA. The
method of toxigenic culture is complex and time-consum-
ing, and is mainly used for epidemiological research and
evaluation of new methods. The sensitivity and specificity
of immunoassays can vary, and must be combined with a
specific high-sensitivity approach to compensate for their
shortcomings [20]. The leading detection method of toxin
A and toxin B represents a rustic but highly valid method.
Toxin A significantly increases the secretion of fluid into
the intestinal lumen leading to inflammation and dam-
age to the protein structures of the intestine. Toxin B is

REFERENCES

1. Al-Zahrani IA. Clostridioides (Clostridium) difficile: A silent
nosocomial pathogen. Saudi Med J. 2023;44(9):825-35.
[DOI: 10.15537/5mj.2023.44.9.20230216] [PMID: 37717961]

2. Vermas, Dutta SK, Firnberg E, Phillips L, Vinayek R, Nair PP.
Identification and engraftment of new bacterial strains by
shotgun metagenomic sequence analysis in patients with
recurrent Clostridioides difficile infection before and after fecal
microbiota transplantation and in healthy human subjects. PLoS
One. 2021;16(7):20251590. [DOI: 10.1371/journal.pone.0251590]
[PMID: 34252073]

3. Buddle JE, Fagan RP. Pathogenicity and virulence of
Clostridioides difficile. Virulence. 2023;14(1):2150452. [DOI:
10.1080/21505594.2022.2150452] [PMID: 36419222]

4. Piccioni A, Rosa F, Manca F, Pignataro G, Zanza C, Savioli G, et al.
Gut Microbiota and Clostridium difficile: What We Know and the
New Frontiers. Int J Mol Sci. 2022;23(21):13323.

[DOI: 10.3390/ijms232113323] [PMID: 36362106]

Srp Arh Celok Lek. 2024 Sep-Oct;152(9-10):505-508

responsible for the key cytotoxic effects on the epithelial
layer of the digestive tract, but also for the destruction
of other cells. At higher concentrations, toxin B can also
cause the appearance of blood in the stool. It is believed
that toxin A has a greater influence on the gastrointestinal
tract. This method of detecting toxins A and B in the stool
is one of the fastest and most cost-effective methods for de-
tecting this bacterium [21]. This is also confirmed by our
research, which showed that representations are the results
that lead to the third hypothesis [22]. In a study conducted
in the United States, which examined and followed over
150 million adults, the incidence of CDI was particularly
pronounced in hospitalized patients after transplantation
[23]. In comparison with our studies, there is a clear corre-
lation between hospitalized patients with CDI and various
types of comorbidities, as is the case in our investigations
in clinic 3. The mortality rate in our research across the
clinics is clearly shown in Table 1. The previous hypothesis
is further supported by over 15 studies that were processed
through meta-analysis, where individuals with gastroin-
testinal diseases had comorbidities. However, this study
shows the recurrence of CDI in patients with this type of
comorbidity [24].

CONCLUSION

In the observed sample of patients, the percentage of deaths
was the highest at the Clinic of Urgent Pulmonology, and
as a result, CDI poses an increased risk of death for patients
in the most critical condition. It is of particular importance
in undertaking some preventive measures. Some preven-
tive measures include the therapeutic use of the macro-
lide antibiotic fidaxomicin. However, C. difficile produces
strong toxins — toxin A and toxin B, and also leads to the
formation of ulcerative colitis posing a severe risk to hos-
pitalized patients with comorbidities. The results also show
that the method of isolating toxins A and B is highly reli-
able for diagnosing this bacterium.

Conflict of interest: None declared.

5. Collins DA, Riley TV. Ridinilazole: a novel, narrow-spectrum
antimicrobial agent targeting Clostridium (Clostridioides) difficile.
Lett Appl Microbiol. 2022;75(3):526-36. [DOI: 10.1111/lam.13664]
[PMID: 35119124]

6.  JinD,Tang YW, Riley TV. Editorial: Clostridium difficile infection in
the Asia-Pacific region. Front Cell Infect Microbiol. 2022;12:983563.
[DOI: 10.3389/fcimb.2022.983563] [PMID: 35959370]

7.  Linares-Garcia L, Cardenas-Barragdn ME, Herndndez-Ceballos W,
Pérez-Solano CS, Morales-Guzman AS, Miller DS, et al. Bacterial
and Fungal Gut Dysbiosis and Clostridium difficile in COVID-19: A
Review. J Clin Gastroenterol. 2022;56(4):285-98.

[DOI: 10.1097/MCG.0000000000001669] [PMID: 35125404]

8.  Nale JY, Thanki AM, Rashid SJ, Shan J, Vinner GK, Dowah ASA, et al.
Diversitz, dynamics and Therapeutic Application of Clostridioides
difficile Bacteriophages. Viruses. 2022;14(12):2772.

[DOI: 10.3390/v14122772] [PMID: 36560776]

www.srpskiarhiv.rs



508

Smits WK, Roseboom AM, Corver J. Plasmids of Clostridioides
difficile. Curr Opin Microbiol. 2022;65:87-94.
[DOI: 10.1016/j.mib.2021.10.016] [PMID: 34775173]

10. Okeah BO, Morrison V, Huws JC. Antimicrobial stewardship

and infection prevention interventions targeting healthcare-
associated Clostridioides difficile and carbapenem-resistant
Klebsiella pneumoniae infections: a scoping review. BMJ Open.
2021;11(8):051983. [DOI: 10.1136/bmjopen-2021-051983]
[PMID: 34348956]

Golubovska |, Vigante D, Malzubris M, Raga L, Isajevs S, Miscuks
A. Severe Clostridium difficile infection with extremely high
leucocytosis complicated by a concomitant bloodstream infection
caused by Klebsiella pneumoniae after osteomyelitis surgery: A
case report. Int J Surg Case Rep. 2021;78:155-8.

[DOI: 10.1016/j.ijscr.2020.12.018] [PMID: 33352444]

12.  Panwar RB, Sequeira RP, Clarke TB. Microbiota-mediated

protection against antibiotic-resistant pathogens. Genes Immun.
2021;22(5-6):255-67. [DOI: 10.1038/541435-021-00129-5]
[PMID: 33947987]

13.  TariqT, Farishta M, Rizvi A, Irfan FB. A Case of Concomitant

Emphysematous Cystitis and Clostridium difficile Colitis with
Pneumoperitoneum. Cureus. 2018;10(6):e2897. [DOI: 10.7759/
cureus.2897] [PMID: 30181931]

14. Barbosa MLL, Albano MO, Martins CDS, Warren CA, Brito GAC.

Role of probiotics in preventing Clostridioides difficile infection
in older adults: an integrative review. Front Med (Lausanne).
2023;10:1219225. [DOI: 10.3389/fmed.2023.1219225]

[PMID: 37636573]

15.  Kiecka A, Szczepanik M. Proton pump inhibitor-induced

gut dysbiosis and immunomodulation: current knowledge
and potential restoration by probiotics. Pharmacol Rep.
2023;75(4):791-804. [DOI: 10.1007/543440-023-00489-x]
[PMID: 37142877]

16. Foley MH, Walker ME, Stewart AK, O'Flaherty S, Gentry EC, Patel S,

et al. Bile salt hydrolases shape the bile acid landscape and restrict
Clostridioides difficile growth in the murine gut. Nat Microbiol.
2023;8(4):611-28. [DOI: 10.1038/541564-023-01337-7]

[PMID: 36914755]

17.  Saviano A, Petruzziello C, Cancro C, Macerola N, Petti A, Nuzzo E,

et al. The Efficacy of a Mix of Probiotics (Limosilactobacillus reuteri
LMG P-27481 and Lacticaseibacillus rhamnosus GG ATCC 53103)

Koprivica M. and Peki¢-Malbasa J.

in Preventing Antibiotic-Associated Diarrhea and Clostridium
difficile Infection in Hospitalized Patients: Single-Center, Open-
Label, Randomized Trial. Microorganisms. 2024;12(1):198.

[DOI: 10.3390/microorganisms12010198] [PMID: 38258024]

18.  Murad YM, Perez J, Ybazeta G, Mavin S, Lefebvre S, Weese JS, et al.
False Negative Results in Clostridium difficile Testing. BMC Infect
Dis. 2016;16(1):430. [DOI: 10.1186/512879-016-1741-6]
[PMID: 27543102]

19. Shivaperumal N, Knight DR, Imwattana K, Androga GO,
Chang BJ, Riley TV. Esculin hydrolysis negative and TcdA-
only producing strains of Clostridium (Clostridioides) difficile
from the environment in Western Australia. J Appl Microbiol.
2022;133(3):1183-96. [DOI: 10.1111/jam.15500] [PMID: 35184359]

20. Jia XX, Wang YY, Zhang WZ, Li WG, Bai LL, Lu JX, et al. A rapid
multiplex real-time PCR detection of toxigenic Clostridioides
difficile directly from fecal samples. 3 Biotech. 2023;13(2):54.
[DOI: 10.1007/513205-022-03434-6] [PMID: 36685319]

21.  Kazanowski M, Smolarek S, Kinnarney F, Grzebieniak
Z. Clostridium difficile: epidemiology, diagnostic and
therapeutic possibilities-a systematic review. Tech Coloproctol.
2014;18(3):223-32. [DOI: 10.1007/s10151-013-1081-0]

[PMID: 24178946]

22. BouzaE, Aguado JM, Alcala L, Aimirante B, Alonso-Fernandez
P, Borges M, et al. Recommendations for the diagnosis and
treatment of Clostridioides difficile infection: An official clinical
practice guideline of the Spanish Society of Chemotherapy
(SEQ), Spanish Society of Internal Medicine (SEMI) and the
working group of Postoperative Infection of the Spanish Society
of Anesthesia and Reanimation (SEDAR). Rev Esp Quimioter.
2020;33(2):151-75.[DOI: 10.37201/req/2065.2020]

[PMID: 32080996]

23. Ding U, Ooi L, Wu HHL, Chinnadurai R. Clostridioides difficile
Infection in Kidney Transplant Recipients. Pathogens.
2024;13(2):140. [DOI: 10.3390/pathogens13020140]

[PMID: 38392878]

24. D'Silva KM, Mehta R, Mitchell M, Lee TC, Singhal V, Wilson MG, et
al. Proton pump inhibitor use and risk for recurrent Clostridioides
difficile infection: a systematic review and meta-analysis. Clin
Microbiol Infect. 2021:51198-743X(21)00035-5.

[DOI: 10.1016/j.cmi.2021.01.008] [PMID: 33465501]

EnnaemnonoLKe KapakTepuctTuke HdeKLMja U3a3BaHUX TOKCMHUMA baKTepuje

Clostridioides difficile

Mapko Konpusnua'?, JeneHa hekuh-Manbaua'?

'YHusep3utet y HoBom Capy, MegnumHcku pakyntet, Hosu Cag, Cpbuja;

2/HcTUTYT 3a jaBHO 3paBsbe BojsoauHe, Hosu Cag, Cpbuja;

*MHcTuTyT 3a nnyhHe 6onectn Bojsogute, Cpemcka Kamennua, Cpbuja

CAXETAK

YBop/Lum Clostridioides difficile je jepaH op Hajuewhux nHpek-
TUBHYX areHaca v BakaH Y3pOUHUK nHdeKumja Mehy xocnu-
TasM30BaHVM MaLMjEHTMMA, LUTO YECTO PE3YNTHPA TELLKMM 1
noTeHuujanHo gpatasHum ncxoguma.

Linsb oBor nctpaxkvBatba 610 je aa ce yTBpAe Aemorpadpcke
KapaKTepucTrKe (pacrnogena no nony v CTapocTyi) U NCXOAM KOF,
XOCMUTannM3oBaHux nauujeHata ca Clostridioides difficile, kao n
A ce aHanv3npajy pasnmke y npeBaneHLy ToKCHa A, TOKCMHA
B nnn TokcrHa A/b mehy XxocnuTann3oBaHUM NauujeHTMa ca
nHdekumjom 6aktepujuom Clostridioides difficile.

MeTope YpaheHa je peTpocneKkTriBHa fECKPUMTYBHA aHann3a
200 nauvjeHaTa XoCcnuTanm3oBaHux y IHCTuTyTy 3a nnyhHe
6onectu Bojsogute, y Cpbujun, y nepuogy 2015-2018. roguHe.
Mopaum cy pobrjeHn NpUMeHOM CTaHAAPAV30BAHOT YNTHUKA
,AKTUBHY Hap3op Hag Clostridioides difficile”. HenapameTapcku
X’ TeCT 1 6MHOManHa TorMcTYKa perpecuja kopuwheHu cy 3a
Ba/unpauujy cBux xunotesa: pokycvpame Ha Behe cTone nH-
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dekumje n mopTanuTeT Ko CTapmjux y nopeherby ca mnahom
nonynaLunjom, 1 NPeBacT AnjarHOCTUYKNX METOAA Koje 13011yjy
TOKCUHe A n b.

PesynTaTtu [TocToje CTaTUCTUYKM 3HaYajHe pa3finKe y 3acTy-
N/beHOCTV UCMUTAHKKA Y OBHOCY Ha CTapOCHE KaTeropuje,
npu yemy ce Behu 6poj UcnuTaHrKa Hanasm y Kateropuju og
66 rofviHa 1 CTapujux, Ha HBOY 3HauajHocT p < 0,001. MocTojn
CTaTUCTUYKIM 3HaYajHa pa3nunka y GpeKBeHLM NCIUTaHNKa Y
0JHOCY Ha M30/10BaHOCT TOKCKHa. MpoLeHaT 3acTynsbeHoCTu
TOKCUHa je 61,5%.

3aksbyyak Hawwm pesyntati nokasyjy Aa je yewha 3actynsbe-
HOCT AMjarHOCTUYKE MeTofe N30/10BaHOCTM TOKCMHA A 1 b Hero
CaMO TOKCMHa A nnmn camo TokcuHa b. Anv pesynTaTu nokasyjy
pa oapeheHe AnjarHocTnuKe meTofe Tpeba fa byay notkpe-
Mn/beHe 0CTanvmM HOBMjUM MeTofama.

KmyuHe peun: nHdekumje 6aktepujom Closttridium difficile;
XocnuTanHe MHGeKLyje; MpeBeHTUBHE Mepe
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