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The Use of Lactobacillus rhamnosus Gg, Saccharomyces

Boulardii, and Pediococcus acidilacticii C69 to Control
Vancomycin-resistant Enterococci Colonization in a
Rat Model

Sican Modelinde Vankomisine Direncli Enterokok Kolonizasyonunu
Kontrol Etmek icin Lactobacillus Rhamnosus Gg, Saccharomyces boulardii ve
Pediococcus acidilacticii C69'un Kullanimi
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Abstract

0Oz

Objective: Vancomycin-resistant enterococci (VRE) are responsible for a
considerable amount of healthcare-associated infections. In this study,
we investigated the ability of three probiotic organisms to eliminate VRE
colonization or protect against gastrointestinal (Gl) epithelium-induced
injury in a rat model.

Material and Methods: This was a prospective study and a rat model
of gastrointestinal VRE colonization which was created in 28 rats, and 3
rats were separated without VRE colonization for the histological con-
trol group. Three probiotic organisms (Lactobacillus rhamnosus GG, Sac-
charomyces boulardii, and Pediococcus acidilacticii C69) were studied to
investigate their ability on VRE colonization. On the 3, 5% and 9* day
(d), the densities of VRE and probiotic bacteria in fecal samples weremea-
sured. All animals weresacrificed on the 9" d of the study for histological
examination.

Giris: Vankomisin rezistan enterokoklar (VRE) saghk hizmeti ile iliskili
onemli enfeksiyonlardan sorumludur. Bu ¢alismada, bir sican modelin-
de U¢ probiyotik organizmanin VRE kolonizasyonunu ortadan kaldirma
veya gastrointestinal (Gl) epitelyumdaki hasara karsi koruma yetenegini
arastirdik.

Gereg ve Yontemler: Bu prospektif bir calismadir, 28 sicanda gastroin-
testinal VRE kolonizasyonu icin bir sican modeli olusturulmus ve 3 sican
histolojik kontrol grubu icin VRE kolonizasyonu olmadan ayriimistir. Ug
probiyotik organizmanin (Lactobacillus rhamnosus GG, Saccharomyces
boulardii ve Pediococcus acidilacticii C69) VRE kolonizasyonu lizerindeki
yeteneklerini arastirmak amaclandi. 3, 5, ve 9. glinlerde diski érneklerin-
deki VRE ve probiyotik bakterilerin yogunluklan &lctildd. Tim hayvanlar
histolojik inceleme icin calismanin 9. glintinde sakrifiye edildiler.
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Results: Gastrointestinal VRE load in the probiotic groups was significantly
decreased more than the serum physiologic (SP) group on the 9" d (p=
0.021). The ratio of moderate to severe changes in the histological exam-
ination of tissue samples was significantly higher in the SP group as com-
pared with the probiotic groups (p= 0.000). The histology of the S. boular-
dii group was better preserved than that in the other two probiotic groups.

Conclusion: None of the probiotic strains, despite reducing the load,
could not eliminate VRE colonization. However, all probiotics protected
against gastrointestinal epithelium damage and prevented VRE-associ-
ated injury. Saccharomyces boulardii was the most protective in gastroin-
testinal damage. The use of probiotics might be an alternative treatment
way to prevent epithelial damage or colitis associated with VRE for re-
searches.

Keywords: Enterobacteria, infection, intestinal microbiology, modeling,
resistance

Introduction

Enterococci are found in the gastrointestinal tract and
are responsible for a considerable amount of healthcare-as-
sociated infections, including urinary system tract infections,
intraabdominal and pelvic reactions, skin and soft tissue in-
fections, endocarditis, bacteremia, and neonatal sepsis (1,2).
The common pathway for nosocomial vancomycin-resistant
enterococci (VRE) transmission is via person-to-person contact
or VRE-contaminated objects. Colonized patients are the most
important reservoirs for VRE transmission. The majority of VRE
colonization occurs in the gastrointestinal tract, but VRE can
also be found to a lesser extent on other sites; including the
skin, genitourinary tract, and oral cavity (2,3). Vancomycin-re-
sistant enterococci can cause various infections in immuno-
compromised patients (3). Thus, preventing gastrointestinal
tract colonization with VRE is an important strategy for limiting
dissemination and infection. However, at present, there are no
effective VRE decolonization methods, and recurrence of VRE
may be observed days or weeks after the initial infection (1,2).

Probiotics are defined as living microorganisms (bacteria
and yeast) resistant to digestion and reach the colon alive.
Probiotics could also reduce proliferation rates of normal co-
lonic mucosa of rats when the normal control mechanisms are
still completely effective (4). They have been multiple types
of health benefits. Saccharomyces boulardii (S. boulardii) is a
non-pathogenic yeast and is one of the used biotherapeutic
agents. Some clinical studies have shown the impact of S. bou-
lardii on the prevention and treatment of various intestinal
disorders. Saccharomyces boulardii is used in many countries
of the world to prevent and treat diarrhea and other digestive
diseases caused by the use of antibiotics. In the study carried
out on diarrhea that related to infection; S. boulardii, Lactoba-
cilus acidophilus, Bifidobacterium bifidum was highly effective
(5). S. boulardii had been also found to reduce the duration
and amount of diarrhea, which caused by an infection in chil-
dren (6). Lactobacillus rhamnosus GG (L. rhamnosus) strain was
effective especially in children with diarrhea due to rotavirus.

Bulgular: Probiyotik gruplardaki gastrointestinal VRE yiiki, 9. glinde se-
rum fizyolojik (SP) grubundan 6nemli ol¢lide azdi (p= 0.021). Doku 6r-
neklerinin histolojik incelemesinde orta-siddetli degisikliklerin orani SP
grubunda probiyotik gruplara gore anlamli derecede yiiksekti (p=0.000).
S. boulardii grubunun histolojisi diger iki probiyotik gruptan daha iyi ko-
runmustur.

Sonug: Hicbir probiyotik sus VRE kolonizasyonunu azaltsa da ortadan
kaldiramadi. Bununla birlikte, tim probiyotikler gastrointestinal epitel
hasarina karsi koruma sagladi ve VRE ile iliskili hasarlanmayi 6nledi. Sac-
charomyces boulardii, gastrointestinal hasar icin en koruyucu olan sustu.
Probiyotiklerin kullanimi VRE ile iliskili epitel hasarini veya koliti dnlemek-
te arastirmacilar icin alternatif bir tedavi yolu olabilir.

Anahtar Kelimeler: Bagirsak mikrobiyolojisi, direng, enfeksiyon, entero-
bakteri, modelleme

In an animal experiment results had suggested that the syn-
biotics formulated with lactulose and Pediococcus acidilacticii
(P. acidilacticii) have potential benefits to prevent and improve
colibacillosis in piglets (7).

Current evidence supports the idea that probiotics have
beneficial effects on the gastrointestinal tract. A wide spec-
trum of probiotics, including L. rhamnosus and S. boulardii is
currently available in the U.S. and Europe (8). We hypothesized
that probiotics would decrease the VRE colonization rate in a
rat model. To shed light on this issue, we compared the micro-
biological and histological effects of three probiotic microor-
ganisms (Lactobacillus rhamnosus GG (ATCC 53103), S. boular-
dii (Hansen CBS 5926), and Pediococcus acidilacticii C69) in a
rat VRE colonization model.

Materials and Methods
Design

Our study was started after obtaining permission from a
Medical School Hospital Experimental Animal Local Ethics
Committee (Protocol Number: 114/2013). This prospective
study consisted 31 female albino Wistar rats with average
weights of 200-250 g. A rat model of gastrointestinal VRE colo-
nization was created, as described in Section 2.2. Then, twen-
ty-eight rats in which VRE colonization was confirmed by cul-
ture randomized into four groups. Extra 3 rats out of these 28
rats were separated without any serum physiologic and pro-
biotic solution application to examine the normal histological
structure in histological evaluation and comparison.

Rat Model

Three randomly selected female IOPS OF1A rats, none of
which initially were colonized, were individually caged and
screened for previous VRE colonization. We saw that they were
VRE negative. Gastric gavage of 1.5 mg/ml of VRE (5 x 10° CFU
(colony forming units)/ml) (with a total dose of 30 mg/20 ml/
kg) standard solution was applied and colonization of VRE ini-
tially was observed in the first three rats (Figure 1). Later on, a
total of 28 rats were colonized by VRE.
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Figure 1. The general outline of the study plan.

Treatment Groups

We selected one of the subgroups of different species, pro-
biotic strains that have been shown to affect the gastrointes-
tinal tract by different mechanisms. We tested one probiotic
from three different species under laboratory conditions and
applied it as a standard solution and looked at the effects on
VRE. We selected L. rhamnosus from Lactobacillus species, S.
boulardii from Saccharomyces species, and P. acidilacticii from
Pediococcus species; because they have been shown to have
positive effects on the intestine and infectious diarrhea. The
probiotic solution (L. rhamnosus, P. acidilacticii, and S. boular-
dii) (4 mg/ml in 0.9% NaCl) was prepared, and a total of 1.5
ml of probiotic solution (equal to 2 x 108 CFU/d) was admin-
istered totally for 5 days (d) to each rat of probiotic groups by
oral gavage. Also, the same volume of serum physiologic (SP)
solution was applied totally for 5 d by oral gavage to the other
7 rats of the SP group to make microbiological comparisons
with probiotic groups. On the 37, 5%, and 9" d of the study
timeline, the densities of VRE and probiotic bacteria in fecal
samples were measured. All the animals were sacrificed on the
9th d of the study, after 5 d of probiotic treatment.

The study time had been kept longer in previous studies
on this topic (9-13) because the antibiotics had been used be-
fore VRE inoculation. We did not use antibiotics in our study. In
this study, we aimed to investigate the acute histopathologi-
cal effects of probiotics on the intestinal tract of VRE colonized

rats. We did not keep the working time longer as additional
confounding factors could be activated as the time went on.
Since the animal experiments that were done on this subject
were arranged in groups of seven (10,13), also we designed
our study in groups of seven.

Animal Sacrifice and Tissue Sampling

General anesthesia was first induced by ether (Galenik,
Turkey). A vertical incision was performed and samples were
taken from the distal ileum (2 samples) (Di), cecum (1 sample)
(Ce), and descending colon (Co), then the animals sacrificed
with high-dose ether anesthesia. Samples were stored in neu-
tral formaldehyde solutions and routine follow-up protocol
blocks were prepared, and 5 um-sized paraffin-embedded tis-
sue sections were stained with Hematoxylin and Eosin (Merck,
Darmstadt, Germany), followed by they were examined under
a light microscope. From each group, 70 samples were ob-
tained and examined.

Histological Examination

The histological evaluation was performed by a histologist
who was blinded to the study groups. We described the histo-
logical scoring system in Table 1.

Statistical Analysis

Statistical analysis was performed by using SPSS, version
15.0 (IBM SPSS, Chicago, IL). Quantitative data are shown as
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Table 1. Grading system in the histopathological examination of the
gastrointestinal system of the rats

The lumen of the gastrointestinal system Score
No debris or epithelial cells 1
Some debris present 2
Intense glandular epithelial cells and debris tissue 3
Intestinal mucosa

Normal histological structure 1
Epithelial injury present in 25% of the sample 2
Epithelial injury present in 25-50% of the sample 3
Epithelial injury present in more than 50% of the sample 4
Lamina propria

Normal 1
Mild inflammation and glandular hyperplasia 2
Severe inflammation and edema of the glands 3
Submucosa

Normal histological structure 1
Mild inflammatory infiltration 2
Severe inflammatory infiltration 3
Injury Grade

Normal

Grade | (mild): <5

Grade Il (moderate): 6-9

Grade Il (severe): 10-13

the mean + standard deviation (SD) or as medians. Qualitative
variables are expressed as absolute and relative frequencies.
Categorical variables were compared by using the x2 test, and
the Student’s t-test or Mann-Whitney U test was applied for
continuous variables. Loads of probiotics of three probiotic

groups and VRE loads in every group at 3-time points (3, 5,
and 9 d) were used for the microbiological comparison of the
groups. A value of p< 0.05 was considered statistically signif-
icant.

Results
Comparison of the Probiotic Groups and the SP Group

The median gastrointestinal VRE load was significantly
higher at the pre-treatment period (on the 3 d of the time-
line) in the probiotic groups as compared with the SP group
(p = 0.017). There was no significant difference in the median
gastrointestinal VRE load of 3™ d of the treatment (on the 5"
d of the timeline) in the probiotic groups versus the SP group
(p = 0.079) (Table 2). The median gastrointestinal VRE load in
the probiotic groups was significantly lower after the 5™ d of
treatment (on the 9™ d of the timeline) as compared with the
SP group (p = 0.021) (Table 2).

The median gastrointestinal VRE load in the P. acidilacticii
group was significantly higher on the 3 d of the timeline as
compared with that in the SP group (p = 0.012). The median
fecal VRE counts in the S. boulardii group were significantly
lower after the 5" d of treatment (on the 9" d of the timeline)
as compared with the SP group (p = 0.002). The median fecal
VRE counts of the L. rhamnosus group were not significantly
different as compared with the SP group at any of the time
intervals assessed (p > 0.05) (Table 2).

Timeline Changes in Fecal VRE Loads in the Probiotic
Groups (L. rhamnosus, P. acidilacticii, S. boulardii) and
the SP Group

Comparison of the fecal VRE loads of the probiotic and SP
groups 3, 5, and 9" d of the timeline revealed a decrease in the

Table 2. Microbiological examination as a VRE count and VRE loads, and histological examination of gastrointestinal system samples from the

animals, post-sacrifice. (Min: minimum, Max: maximum)

Serum physiologic group Subgroups of probiotics
L.rhamnosus GG P. acidilacticii C69 S. boulardii

Microbiological examina-
tion Median (Min-Max)
39 day 6.0x 100 20x 10" 1.0x 10" 1.0x 10"

(20x10'°-7.0x 10" (5.0x10'°-40x 10" (1.5x10"-5.0x 10" (3.0x10'°-7.0x 10"
5t day 6.0x 10" 7.0x 10" 7.0x 10" 1.0x 10"

(20x10'°-7.0x 10" (3.0x10'°-7.0x 10" (8.0x10°-7.0x 10") (70x107-1.0x 10"
9 day 4.0x107 50x10° 50x10° 1000

(3.0x107-50x 107

(100-7.0x 107)

(100-7.0x 10%)

(100-4.0x10°)

Histological examination
Number (%)

Histologically normal 0 15(214) 10 (14.3) 23(32.9)
Grade | (mild) 0 32(45.7) 45 (64.3) 47 (67.1)
Grade Il (moderate) 19 (27.1) 23(329) 0 0
Grade Il (severe) 51(729) 0 15214) 0
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Figure 2. Changes in the fecal VRE load in rats treated with L. rhamnosus GG, S. boulardii, and P. acidilacticii C69 as com-

pared with that of the SP group.

VRE loads in the probiotic groups, but this finding was not sta-
tistically significant (p > 0.05). At each of the three intervals as-
sessed, there was no significant difference in the fecal VRE loads
between the probiotic groups and the SP group (Figure 2).

Histological Examination of Gastrointestinal Tissue
Samples

The ratio of moderate and severe changes in the histologi-
cal examination of the gastrointestinal systems of the rats was
significantly higher in the SP group as compared with the pro-
biotic groups (p= 0.000) (Table 2). Normal viewing histologi-
cal structures preserved in the S. boulardii group but not pre-
served in the P, acidilacticii (p= 0.016) and SP group (p= 0.000).
However, no statistical significance was present between
the L. rhamnosus and P. acidilacticii group (p> 0.05) (Table 2).
Moreover, in the SP group, all of the 70 samples severely or
moderately were affected. In contrast, only 38 of 210 (18.1%)
specimens in the probiotic groups were showed moderate to
severe damage and moderate to severe damage ratio was sig-
nificantly higher in the SP group (p = 0.000). In the S. boulardii
group, moderate to severe damage was not observed in con-
trast to that observed in the SP, P. acidilacticii, and L. rhamno-
sus groups (p= 0.000) (Table 2, Figure 3).

Discussion

In our study, despite the significantly higher VRE load in
the probiotic groups at the 3 d of the study (before applying
the probiotics and SP suspensions), the VRE count of the 5" d
post-treatment of probiotics was lower than the SP group. Al-
though a completely cleaned culture was not achieved in any

of the probiotic groups, some clinical benefits of the probiot-
ics were observed. Despite the failure to eliminate VRE coloni-
zation, the protective effect of the probiotics in terms of the
gastrointestinal epithelium was well demonstrated. The ratio
of severe changes in the epithelium was significantly higher
in the SP group as compared with the probiotic groups (p=
0.000).

Most previous studies on the effects of probiotics on VRE
had been organized by administering antibiotics before VRE
inoculation (9-13). In our study, antibiotics were not adminis-
tered before VRE inoculation, as we wanted to examine only
probiotic effects on the VRE colonization. In a previous study,
VRE had been found the dominant bacteria 7 d after the ces-
sation of antibiotics and was cultured up to 2 months after
cessation of therapy (14).

In a previous study, Lactobacillus lactis MM19 had been
decreased the rate of detectable VanA type VRE, had been
pointed to the initiation of probiotics promptly (11). In anoth-
er study, heat-killed E. faecalis strain EC-12 and undefined Lac-
tobacillus spp. had been achieved a remarkable reduction in
the VRE count in chickens (12).

In our research, the median fecal counts for VRE in each of
the probiotic groups at the 3-time intervals were significantly
lower than those in the SP group. However, as shown by the
statistical analysis of changes in VRE rates during the timeline,
none of the probiotics were showed superiority in terms of de-
creasing VRE counts as compared with the SP group in our rat
model (p> 0.05).
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Figure 3. Distal ileum, colon, and cecum images following staining with Hematoxylin and Eosin.

Cnt-Di: Control group, normal appearance of the distal ileum (Di), SP-Di: Serum physiologic group, showing the damaged appearance
of the distal ileum (red arrows) and spillover of glands and epithelial cells in the lumen. The black arrows denote glandular and epithelial
cell secretion and spillover in the lumen. L. rhamnosus-Di: L. rhamnosus GG group, showing superficial damage in the epithelium (red
arrow: glandular epithelium damage). P. acidilacticii-Di: P. acidilacticii C69 group, showing superficial damage at the villus and mono-
nuclear inflammatory infiltration in the lamina propria and submucosal areas (dotted circular area), S. boulardii-Di: S. boulardii group,
showing mucosal and glandular damage, with inflammatory infiltration (circular area), epithelium, and debris spillover in the lumen (red
arrow). Cnt-Co: Control group, showing the normal appearance of the colon (Co). SP-Co: Serum physiologic group, with local mucosal
damage (black arrow) and inflammatory cell infiltration under the epithelium (circular area), L. rhamnosus-Co: L. rhamnosus group
GG, showing an image of a normal colon and minimal subepithelial inflammatory infiltration in the thumbnail P. acidilacticii-Co: P
acidilacticii C69 group, showing an image of a normal colon and minimal subepithelial inflammatory infiltration in the thumbnail. S.
boulardii-Co: S. boulardii group, showing an image of a normal colon, with minimal epithelial damage in the thumbnail (black arrow).
Cnt-Ce: Control group, showing a normal epithelium and gland structure of the (red arrow) cecum (Ce) SP-Ce: Serum physiologic group,
showing heavily damaged areas with glandular epithelial and connective tissue cells spilling into the lumen (black arrow), L. rhamno-
sus-Ce: L. rhamnosus GG group, with a normal cecum and local superficial epithelial damage seen at larger magnifications in the smaller
of the two images (black arrow). P. acidilacticii-Ce: P. acidilacticii C69 group, showing an image of a cecum with general damage and
glandular damage in the smaller of the two images (black arrow). S. boulardii-Ce: S. boulardii group, showing dense epithelial damage.
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The administration of probiotics had been prevented or
eliminated the intestinal VRE colonization by enhancing the
density of beneficial intestinal microbiota and modulating im-
mune functions in murine models (13). There are only a few
studies on the impact of probiotics on VRE colonization and
the findings of these studies were discordant (13-18). In a mu-
rine model, the administration of L. rhamnosus Lcr 35 had re-
sulted in a decrease in the VRE colonization rate. However, the
same study had been failed to observe a similar effect in nine
patients given L. rhamnosus Lcr 35 (19). One small study on 27
VRE-positive patients, half of whom were treated with yogurt
containing L. rhamnosus, had been reported the beneficial
effects of probiotics on VRE colonization (15). A randomized,
single-blinded, placebo-controlled study had been reported
that the rate of VRE clearance in colonized children who were
treated with L. rhamnosus was significantly higher as com-
pared with the untreated group (15). In our research, the study
duration was 5 d. In contrast, the duration of probiotic treat-
ment in most previous studies was 3-4 weeks (10,15,17). The
relatively long duration of these studies may have affected the
results. Also, divergence in the findings of animal studies may
be due to variance in microbiota populations, sample sizes,
and possibly type of the used probiotic strains.

Several studies had been demonstrated that the anaerobic
ability of microbiota might play an important role in the inhi-
bition of VRE (16,19,20). Moreover, reports of in vivo models of
gastrointestinal colonization of VRE had been demonstrated
that various probiotic food additives would support the func-
tional barrier of the intestine (21-23). Furthermore, as shown by
in vitro cell culture models, probiotic strains had been prevent-
ed or minimalized the damaging effects of pathogenic micro-
organisms on epithelial integrity (24). We also demonstrated
the protective properties of probiotics against VRE-associated
epithelium damage, with S. boulardii which was the most ef-
fective between the three probiotic strains. The prevention of
VRE-induced epithelial damage might play a role in protecting
the development of endogenous VRE infections by impeding
entry to the circulation from the gastrointestinal tract.

The effects of these three microorganisms can also be
demonstrated in humans, but prospective, randomized con-
trolled trials are needed. All three probiotic strains did not rule
out VRE colonization. Histopathologically, we found that S.
boulardii had the best effect on the healing of the intestinal
tissue. Prospective randomized controlled trials in humans are
needed to see the effects of probiotics on VRE colonization in
humans and the clinical effects on VRE colonized patients.

Conclusion
None of the probiotic strains in our research were elimi-

nated the VRE colonization in our rat model, however, they
protected against the VRE-associated epithelium damage.

Saccharomyces boulardii provided the best protection among
the three probiotic microorganisms. Lactobacillus rhamnosus
GG and P, acidilacticii were associated with the limited protec-
tion of epithelial injury. New strategies for the prevention of
VRE-associated epithelial damage or colitis to prevent infec-
tion that following the VRE colonization might be focused on
probiotics.
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