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Background. Clostridioides difficile infection is the most common diarrheal disease associated with antibiotic use. Treat-
ment includes fidaxomicin, vancomycin, metronidazole, rifaximin, fecal flora transplants, and bezlotoxumab. There are numerous re-
ports of the potential beneficial effects of using probiotics in Clostridioides difficile infection.

Objectives. This study aimed to analyze the effects of the use of probiotics on patients with Clostridioides difficile infection who were
hospitalized at the University Clinical Hospital in Wroclaw from 2016 to 2018.

Material and methods. The study was conducted by analyzing the medical records of patients treated from 2016 to the end of 2018
at the University Clinical Hospital in Wroclaw. We examined the frequency of use of probiotics in Clostridioides difficile infection, dif-
ferences in the use of probiotics by year of hospitalization, mortality among patients taking probiotics and not receiving this type of
treatment, length of hospitalization by probiotic use, and the relationship between the gender of patients and the use of probiotics.
Results. 313 patients were enrolled in the study, out of 319 patients total. Almost half of the patients (45.54%) received no probiotic
during hospitalization. The most commonly administered probiotics were preparations containing Saccharomyces boulardii, which
were received by 24.2% of patients. The use of probiotics did not affect mortality in Clostridioides difficile infection. Patients receiving
probiotics were hospitalized longer. There was no significant statistical difference in probiotic use by patient gender.

Conclusions. Probiotic use did not reduce the risk of death or shorten the length of hospitalization of patients with Clostridioides dif-
ficile infection.
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Background

Clostridioides difficile infection is the most common diar-
rheal disease associated with antibiotic use [1], causing up to
25% of post-antibiotic diarrhea [2]. Carriage of this bacterium
is found in about 3% of the population [3], though the percent-
age is much higher in newborns and infants, at around 50-60%.
After the first year of life, it decreases to the value found among
the rest of the population [4]. Carriage among hospitalized pa-
tients is significantly higher at 20-40% [5, 6].

According to the US Centers for Disease Control and Pre-
vention, Clostridioides difficile infection can be diagnosed when
a patient has diarrhea or toxic megacolon and at least one of the
following criteria is met:

e presence of toxin A or B in the stool or detection of a Clos-

tridioides difficile strain in the stool by another method,

e finding of pseudomembranous colitis on endoscopic

examination or during surgery,

e finding of pseudomembranous colitis on histopatho-

logical examination [7].

The course of the disease varies from mild symptoms to
severe diarrhea with dehydration, intestinal obstruction, and
septic shock. Treatment includes fidaxomicin, vancomycin, met-
ronidazole, rifaximin, fecal flora transplants, and bezlotoxumab
[8-10].

One of the main factors in the occurrence of infection is
antibiotic therapy, which leads to damage to the physiological
flora of the gastrointestinal tract, creating favorable conditions
for the growth of the Clostridioides difficile bacteria [1].

Probiotics are being sought to restore the intestinal flora
and thereby prevent the development of this infection or alle-
viate its course. According to the World Health Organization’s
2002 definition, probiotics are living organisms that, when ad-
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ministered in adequate amounts, cause beneficial health effects
[11]. There are numerous reports of the potential beneficial
effects of using probiotics in Clostridioides difficile infection.
Saccharomyces boulardii has been shown to secrete a protease
that degrades toxin A and impedes the binding of the toxin to
its receptors on the surface of the small intestine in rats [12].
Lactobacillus acidophilus strain LA-5 has been shown to de-
crease the concentration of toxins produced by Clostridioides
difficile and to reduce the symptoms of infection in mice [13].
Bifidobacterium breve BR3, Bifidobacterium lactis LRS, Lacto-
coccus lactis SL3, and Lactobacillus rhamnosus LR5 strains have
been seen to compete with Clostridioides difficile in in vitro
studies, resulting in reduced bacterial viability [14, 15].

Objectives

This study aimed to analyze the effects of the use of probi-
otics on mortality and length of hospitalization of patients with
Clostridioides difficile infection who were hospitalized at the
University Clinical Hospital in Wroclaw from 2016 to 2018.

Material and methods

The study was conducted by analyzing the medical records
of patients treated from 2016 to the end of 2018 at the Universi-
ty Clinical Hospital in Wroclaw. Adult patients with symptoms of
Clostridioides difficile in whom the infection was confirmed by
laboratory methods were qualified to the study. We examined
the frequency of use of probiotics in Clostridioides difficile infec-
tion, differences in the use of probiotics by year of hospitaliza-
tion, mortality among patients taking probiotics and not receiv-
ing this type of treatment, length of hospitalization by probiotic
use, and the relationship between the gender of patients and
the use of probiotics. Due to the small number of patients treat-
ed with Lakcid or treated with more than one probiotic, these
cases were excluded from the analysis of differences in the type
of probiotic used by year of hospitalization. If the patient was
hospitalized at the turn of the year, he or she was counted in the
year in which more days of hospitalization had elapsed. Patients
for whom it was not possible to determine if they used probiot-
ics or not were excluded from the study.

Statistical analysis

Relationships between the qualitative variables were veri-
fied using the chi-square test (along with a post-hoc test based
on standardized residuals), and Fisher’s exact test was used
when some of the categories were low in number. Relation-
ships between quantitative variables and qualitative variables
with more than three categories were verified using the Krus-
kal-Wallis test with Bonferroni’s correction and Dunn’s test as
a post-hoc test for the distribution of the quantitative variable
(length of hospitalization), which deviated significantly from the
normal distribution. The normality of the distributions was veri-
fied using the Kolmogorov-Smirnov test. A p-value of 0.01 was
taken as the level of significance on account of the small size of
the patient group (313, of whom 176 received a probiotic) and
to reduce the risk of taking a random result as statistically sig-
nificant. The analysis was performed using R software (https://
cran.r-project.org).

Table 1 lists the probiotics used in patients with Clostridioi-
des difficile infection hospitalized at the University Clinical Hos-
pital in Wroclaw from 2016 to 2018.

Ethical consideration

Permission to perform the study was issued by the Bioeth-
ics Committee of the Medical University of Wroclaw. Opinion
Number: KB-611/2018.

Results

Out of 319 patients diagnosed with Clostridioides difficile in-
fections while hospitalized at the University Clinical Hospital in
Wroclaw between 2016 and 2018, 313 patients were enrolled
in the study. Information on whether probiotics were used in
the remaining 6 diagnosed patients was not available, so these
patients were excluded from the study.

Table 2 shows the frequency of probiotic use in patients
with Clostridioides difficile infection.

Almost half of the patients (45.54%) received no probiotic dur-
ing hospitalization. The most commonly administered probiotics
were preparations containing Saccharomyces boulardii (Enterol/
LacidoEnter), which were received by 24.2% of patients. Only 1
in 10 patients (9.87%) was treated with more than one probiotic.

Table 1. Probiotics used in patients with Clostridioides difficile infection at the University Clinical Hospital in Wroclaw, 2016-2018

Trade name

Composition
Enterol 250 [16], LacidoEnter [17]

Saccharomyces boulardii 250 mg

Lacidofil [18]

2 x 10° CFU Lactobacillus rhamnosus R0011, Lactobacillus helveticus RO052

Lakcid [19]

2 x 10° CFU Lactobacillus rhamnosus

Lakcid forte [19]

10'° CFU Lactobacillus rhamnosus

Sanprobi IBS [20]

10'°CFU Lactobacillus plantarum 299v

Trilac plus [21]

7.4 x 108 CFU Lactobacillus acidophilus

1 x 108 CFU Lactobacillus delbrueckii subsp. bulgaricus
7.6 x 108 CFU Bifidobacterium lactis

1.6 x 10° CFU Lactobacillus rhamnosus GG (ATCC 53103)
72 mg fructooligosaccharides

Ostonka Gastro [22]

1.64 x 10° CFU Lactobacillus plantarum
1.64 x 10° CFU Streptococcus thermophilus
409 x 108 CFU Lactobacillus acidophilus
410 x 10® CFU Lactobacillus rhamnosus
410 x 108 CFU Bifidobacterium lactis

246 x 108 CFU Bifidobacterium breve

246 x 108 CFU Bifidobacterium longum
346.384 mg fructooligosaccharides
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Source: authors’ work based on bibliographic references [16-22].
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Table 3 presents the analysis of the use of probiotics by year

of hospitalization.

There were no statistical differences in the use of probiotics
by year of hospitalization; this allows us to analyze data from the
individual years together and to exclude the year of hospitaliza-
tion as a factor that might confound later statistical analysis.

Table 4 shows the mortality rate of patients infected with

Clostridioides difficile, by probiotic use.

Table 5 shows an analysis of the use of specific probiotics by
survival in patients with Clostridioides difficile infection.

There were no differences in mortality between patients
using different probiotics. The use of probiotics did not affect

mortality in Clostridioides difficile infection.

Table 6 presents probiotic use in relation to duration of hos-
pitalization.

Table 7 shows an analysis of hospitalization duration in pa-
tients receiving specific probiotics.

Patients who received several probiotics were hospitalized
longer than patients who received Enterol/LacidoEnter, with
a median length of hospitalization amounting to 40 days com-
pared to 24 days (p = 0.005, Z = 3.50).

The use of probiotics did not lead to shorter hospitaliza-
tions.

Table 8 shows the relationship of probiotic use to patient
gender.

Table 2. Analysis of the frequency of probiotic use in patients with Clostridioides difficile infection
hospitalized at University Clinical Hospital in Wroclaw between 2016 and 2018

Probiotic

Number of patients

Percentage of patients
included in the study

The patient did not receive a probiotic 143 45.54
The patient received a probiotic 170 54.14
Enterol/LacidoEnter 76 24.20
Lacidofil 56 17.83
Lakcid 4 1.27
Lakcid forte 0.32
Sanprobi IBS 2 0.64
More than one probiotic 31 9.87

Table 3. Use of probiotics by year of hospitalization in patients with Clostridioides difficile infection treated at the
University Clinical Hospital in Wroclaw, 2016-2018

2016

2017

Year of hospitalization

2018 p

Probiotics (%) 0.212
No probiotic 31 (48.4) 59 (59.0) 53 (47.7)
Enterol/LacidoEnter 17 (26.6) 21(21.0) 38(34.2)
Lacidofil 16 (25.0) 20 (20.0) 20 (18.0)

Table 4. Mortality in Clostridioides difficile infection by probiotic use among patients treated at the University Clinical Hospital in

Wroclaw, 2016-2018

Number of patients who

died

survived

Number of patients who

Mortality (%)

p

Patients who received a probiotic 38 132 22.35 0.200
Patients who did not receive a probiotic 41 102 28.67
All patients 79 234 25.24

Table 5. Analysis of the effect of probiotic use on survival in patients hospitalized with Clostridioides difficile infection at the University
Clinical Hospital in Wroclaw between 2016 and 2018

Probiotics (%) Number of patients who died Number of patients who survived

No probiotic 41 (51.90) 102 (43.59) 0.446
Enterol/LacidoEnter 17 (21.52) 59 (25.21)

Lacidofil 13 (16.46) 43 (18.38)

Lakcid, Lakcid forte, Sanprobi IBS 0(0.0) 7 (2.99)

Several probiotics 8(10.13) 23(9.83)

Table 6. Probiotic use among patients hospitalized with Clostridioides difficile infection at the University Clinical Hospital in Wroclaw in
2016-2018 by duration of hospitalization

Variable under study

Probiotics used (median [interquartile range])

No

Yes

22 [22]

29 [29]

0.002

Patients receiving probiotics were hospitalized longer.
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Table 7. Analysis of hospitalization duration by probiotic used to treat patients with Clostridioides difficile infection

Enterol, LacidoEnter

(median [interquartile
range])

Lacidofil (median [in-
terquartile range])

Lakcid (median [inter-
quartile range])

Multiple probiotics
(median [interquartile
range])

Length of hospitalization 24 [26] 27 [36.5] 16 [26] 40 [39]
(median [interquartile range])
p 0.004

Dunn’s test

individual comparisons

Values above the main diagonal of the matrix are Z coefficients, while those below the main diagonal are the significance levels of the

Enterol, LacidoEnter Lacidofil Lakcid Several probiotics
Enterol, LacidoEnter - 0.88 -0.46 3.50
Lacidofil 1.000 - -0.84 2.64
Lakcid 1.000 1.000 - 2.22
Several probiotics 0.005 0.083 0.267 -

Table 8. Probiotic use by gender of patients with Clostridioides difficile infection at the University
Clinical Hospital in Wroclaw in 2016-2018

Men Women p
Probiotics (%) 0.160
No probiotic 63 (52.1) 80 (51.9)
Enterol/LacidoEnter 28 (23.1) 48 (31.2)
Lacidofil 30(24.8) 26 (16.9)
Probiotic used (%) 76 (54.7) 94 (54.0) 0.999

There was no significant statistical difference in probiotic use by patient gender.

Discussion

The disruption of the natural bacterial flora of the intestines
by antibiotic therapy plays an important role in the pathogene-
sis of Clostridioides difficile infection. It should thus be expected
that treatment with bacterial flora will bring therapeutic bene-
fits. There are numerous reports in literature on the use of fecal
transplantation in patients with Clostridioides difficile infection.
Such treatment has generally good results, reduces the risk of
recurrence, and reduces mortality [23, 24]. Stool transplanta-
tion is recommended in the current 2021 IDSA/SHEA guidelines
as a treatment option for second and subsequent recurrences
of Clostridioides difficile infection [8]. It would therefore be ex-
pected that the use of probiotics alone (fecal transplantation
being, in fact, the administration of bacterial flora) will bring
benefits to the treatment of Clostridioides difficile infection.
However, literature casts doubt on this hypothesis, and the
impact of probiotic use on the course of Clostridioides difficile
infection remains unclear. There are conflicting reports in lit-
erature regarding the benefits of using probiotics in preventing
and treating Clostridioides difficile infection. The greatest hopes
are associated with the Saccharomyces boulardii strain. Sac-
charomyces boulardii secretes a protease that degrades toxin
A and impedes its binding to receptors on intestinal epithelial
cells [12]. A retrospective cohort study by Wombwell et al. (n =
8763) showed that administration of Saccharomyces boulardii
led to a 57% reduction in the risk of in-hospital Clostridioides
difficile infection: an OR of 0.57 with a CDI rate of 0.66% [25]. As
mentioned in the introduction to this paper, beneficial effects
of Lactobacillus and Bifidobacterium in Clostridioides difficile in-
fection have been found in animal and in vitro studies [13—15].
However, the results of the large randomized controlled clini-
cal trial PLACIDE (n = 2941) showed no effect of Lactobacillus
or Bifidobacterium administration on the incidence of CDI [26].

Source of funding: This work was funded from the authors’ own resources.

Conflicts of interest: The authors declare no conflicts of interest.

The 2012 meta-analysis by Johnston et al. supports the use of
probiotics in preventing Clostridioides difficile infection. Their
study, which included 3,818 adult patients with this infection,
showed that the use of probiotics during antibiotic therapy re-
duced the risk of Clostridioides difficile infection by 66% [27].
However, in another meta-analysis, Pillai and Nelson examined
papers evaluating the effects of using probiotics in the treat-
ment of Clostridioides difficile infection [28]. In one of the stud-
ies examined in the meta-analysis [29], a reduction in the risk of
recurrence of Clostridioides difficile infection was found, with an
odds ratio of 0.59, at a 95% confidence interval of 0.35-0.98, p =
0.04. However, no benefits of using probiotics in the treatment
of Clostridioides difficile infection were found in the other stud-
ies examined by those authors [28].

Due to the lack of conclusive data, the 2021 guidelines of
the Infectious Diseases Society of America (IDSA) and the So-
ciety for Healthcare Epidemiology of America (SHEA) for treat-
ment of Clostridioides difficile infection lack a recommendation
for probiotic use [8]. Analogous guidelines are given by ESCIMID
[9]. In addition, it should be mentioned that there are reports of
cases of gastrointestinal mycoses caused by the Saccharomyces
boulardii [30].

Conclusions

The use of probiotics was not a standard element of the
treatment of Clostridioides difficile infection at the University
Clinical Hospital in Wroclaw between 2016 and 2018.

Probiotic use did not reduce the risk of death or shorten the
length of hospitalization of patients with Clostridioides difficile
infection at the University Clinical Hospital in Wroclaw. There is
no clinical justification for the use of probiotics in Clostridioides
difficile infection.



’ P. Baran et al. ® Probiotic use in Clostridioides difficile infections m

References

1. Mirecka A. Zakazenia Clostridium difficile — nadal aktualny problem leczniczy i epidemiologiczny. Przegl Epidemiol 2017; 71(2): 155-164
(in Polish).

2. Sucher A, Biehle L, Smith A, et al. Updated Clinical Practice Guidelines for Clostridioides difficile Infection in Adults. US Pharm 2021;
46(12): HS10-HS16.

3. Viscidi R, Willey S, Bartlett JG, et al. Isolation rates and toxigenic potential of Clostridium difficile isolates from various patient popula-
tions. Gastroenterol 1981; 81: 5-9.

4. Tullus K, Aronsson B, Marcus S, et al. Intestinal colonization with Clostridium difficile in infants up to 18 months of age. Eur J Clin
Microbiol Infect Dis 1989; 8: 390-393.

5. McFarland L, Mulligan M, Kwok R, et al. Nosocomial acquisition of Clostridium difficile infection. N Eng J Med 1989; 320(4): 204-210.

6. Aslam S, Hamill RJ, Musher DM. Treatment of Clostridium difficile-associated disease: old therapies and news strategies Lancet Infect
Dis 2005; 5: 549-557.

7. Gayane M, Hryniewicz W, Ozorowski T, et al. Zakazenia Clostridioides (Clostridium) difficile: epidemiologia, diagnostyka, terapia, pro-
filaktyka. Warszawa: Narodowy Instytut Lekow; 2018 (in Polish).

8. Johnson S, Lavergne V, Skinner AM, et al. Clinical Practice Guideline by the Infectious Diseases Society of America (IDSA) and Society
for Healthcare Epidemiology of America (SHEA): 2021 Focused Update Guidelines on Management of Clostridioides difficile Infection
in Adults. Clin Infect Dis 2021; 73(5): 1029-1044.

9. PrehnJ, van, Reigadas E, Vogelzang EH, et al. Guideline Committee of the European Study Group on Clostridioides difficile. European
Society of Clinical Microbiology and Infectious Diseases: 2021 update on the treatment guidance document for Clostridioides difficile
infection in adults. Clin Microbiol Infect 2021; 27(Suppl. 2): 1-21.

10. Kelly CR, Fischer M, Allegretti, JR, et al. ACG Clinical Guidelines: Prevention, Diagnosis, and Treatment of Clostridioides difficile Infec-
tions. Am J Gastroenterol 2021; 116(6): 1124-1147.

11. Wnek D. Probiotyki, prebiotyki i synbiotyki [cited 8.10.2023]. Available from URL: https://www.mp.pl/pacjent/dieta/zasady/
142829, probiotyki-prebiotyki-i-synbiotyki/ (in Polish).

12. Castagliuolo I, LaMont JT, Nikulasson ST, et al. Saccharomyces boulardii protease inhibits Clostridium difficile toxin A effects in the rat
ileum. Infect Immun 1996; 64: 5225-5232.

13. Kaur S, Vaishnavi C, Prasad KK, et al. Effect of Lactobacillus acidophilus & epidermal growth factor on experimentally induced Clos-
tridium difficile infection. Indian J Med Res 2011; 133: 434—441.

14. Mebhlich A, Gdrska S, Gamian A, et al. Wybrane aspekty zakazen Clostridium dificille. Post Hig Med Dosw 2015; 69: 598-611 (in Polish).

15. Lee JS, Chung MJ, Seo JG. In vitro evaluation of antimicrobial activity of lactic acid bacteria against Clostridium difficile. Toxicol Res
2013; 29: 99-106.

16. Enterol. Indeks lekdw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.php?id=1131/ (in

Polish).

17. LacidoEnter. Indeks lekdw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.php?id=1131/
(in Polish).

18. Lacidofil. Indeks lekéw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.php?id=5084/ (in
Polish).

19. Lakcid, Lakcid forte. Indeks lekdw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.
php?id=5421/ (in Polish).

20. Sanprobi IBS. Indeks lekéw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/subst.
htmI?id=496&phrase=Sanprobi+IBS (in Polish).

21. Trilac Plus. Indeks lekdw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.php?id=13270/
(in Polish).

22. Ostonka Gasro. Indeks lekdw medycyny praktycznej [cited 8.10.2023]. Available from URL: https://indeks.mp.pl/leki/desc.
php?id=14915/ (in Polish).

23. Nood E, van, Vrieze A, Nieuwdorp M, et al. Duodenal infusion of donor feces for recurrent Clostridium difficile. N Engl J Med 2013; 368:
407-415 (in Polish).

24. Gough E, Shaikh H, Manges AR. Systematic review of intestinal microbiota transplantation (fecal bacteriotherapy) for recurrent Clostri-
dum difficile infection. Clin Infect Dis 2011; 53: 994-1002.

25. Wombwell E, Patterson ME, Bransteitter B, et al. The effect of Saccharomyces boulardii primary prevention on risk of Hospital Onset
Clostridioides difficile infection in hospitalized patients administered antibiotics frequently associated with Clostridioides difficile infec-
tion. Clin Infect Dis 2021; 73(9): e2512—e2518.

26. Allen SJ, Wareham K, Wang D, et al. Lactobacilli and bifidobacteria in the prevention of antibiotic-associated diarrhoea and Clostridium
difficile diarrhoea in older inpatients (PLACIDE): a randomised, double-blind, placebo-controlled, multicentre trial. Lancet 2013; 382:
1249-1257.

27. Johnston B, Ma S, Goldenberg J, et al. Probiotics for the prevention of Clostridium difficile-associated diarrhea: a systematic review and
meta-analysis. Ann Intern Med 2012; 157: 878-888.

28. Pillai A, Nelson R. Probiotics for treatment of Clostridium difficile-associated colitis in adults. Cochrane Database Syst Rev 2008; 23(1):
CD004611.

29. McFarland LV, Surawicz CM, Greenberg RN, et al. A randomized placebo-controlled trial of Saccharomyces boulardii in combination
with standard antibiotics for Clostridium difficile disease. JAMA 1994; 271(24): 1913-1918.

30. Thygesen JB, Glerup H, Tarp B. Saccharomyces boulardii fungemia caused by treatment with a probioticum. BMJ Case Reports 2012:
bcr0620114412.

Tables: 8
Figures: 0
References: 30

Received: 28.11.2023
Reviewed: 04.12.2023
Accepted: 18.02.2024

]
8
(]
(o]
&
o~
[=]
~N
2
2
>
()]
o
()]
S
(T
(9]
o
©
E
S
[-%
]
(V]
£
=
e
(7]
=
>
E
(T
(¥




m P. Baran et al. ® Probiotic use in Clostridioides difficile infections

Address for correspondence:

Mateusz Piotr Baran, MD, PhD

Individual Specialist Medical Practice Mateusz Baran MD, PhD
Oksywska St 4

53-152 Wroclaw

Poland

Tel.: +48 506370430

E-mail: mateuszlbaran@gmail.com, mateusz_baran@interia.pl

)
()
()]
<
o
o
(o]
3
.2
S
(']
o
()]
S
©
(¥)
>
1S
©
£
o
o
(]
o
£
=
=
@
S
=
£
(©
w




