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Öz

Giriş: Vankomisin rezistan enterokoklar (VRE) sağlık hizmeti ile ilişkili 
önemli enfeksiyonlardan sorumludur. Bu çalışmada, bir sıçan modelin-
de üç probiyotik organizmanın VRE kolonizasyonunu ortadan kaldırma 
veya gastrointestinal (GI) epitelyumdaki hasara karşı koruma yeteneğini 
araştırdık.

Gereç ve Yöntemler: Bu prospektif bir çalışmadır, 28 sıçanda gastroin-
testinal VRE kolonizasyonu için bir sıçan modeli oluşturulmuş ve 3 sıçan 
histolojik kontrol grubu için VRE kolonizasyonu olmadan ayrılmıştır. Üç 
probiyotik organizmanın (Lactobacillus rhamnosus GG, Saccharomyces 
boulardii ve Pediococcus acidilacticii C69) VRE kolonizasyonu üzerindeki 
yeteneklerini araştırmak amaçlandı. 3, 5, ve 9. günlerde dışkı örneklerin-
deki VRE ve probiyotik bakterilerin yoğunlukları ölçüldü. Tüm hayvanlar 
histolojik inceleme için çalışmanın 9. gününde sakrifiye edildiler.

Abstract

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 (GI) 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 3rd, 5th, and 9th day 
(d), the densities of VRE and probiotic bacteria in fecal samples weremea-
sured. All animals weresacrificed on the 9th d of the study for histological 
examination.
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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. 

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 109 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.

Results: Gastrointestinal VRE load in the probiotic groups was significantly 
decreased more than the serum physiologic (SP) group on the 9th 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 

Bulgular: Probiyotik gruplardaki gastrointestinal VRE yükü, 9. günde se-
rum fizyolojik (SP) grubundan önemli ölçüde azdı (p= 0.021). Doku ör-
neklerinin histolojik incelemesinde orta-şiddetli değişikliklerin oranı SP 
grubunda probiyotik gruplara göre anlamlı derecede yüksekti (p= 0.000). 
S. boulardii grubunun histolojisi diğer iki probiyotik gruptan daha iyi ko-
runmuştur.

Sonuç: Hiçbir probiyotik suş VRE kolonizasyonunu azaltsa da ortadan 
kaldıramadı. Bununla birlikte, tüm probiyotikler gastrointestinal epitel 
hasarına karşı koruma sağladı ve VRE ile ilişkili hasarlanmayı önledi. Sac-
charomyces boulardii, gastrointestinal hasar için en koruyucu olan suştu. 
Probiyotiklerin kullanımı VRE ile ilişkili epitel hasarını veya koliti önlemek-
te araştırmacılar için alternatif bir tedavi yolu olabilir.

Anahtar Kelimeler: Bağırsak mikrobiyolojisi, direnç, enfeksiyon, entero-
bakteri, modelleme
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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 3rd, 5th, and 9th 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 µm-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 

Figure 1. The general outline of the study plan. 
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the mean ± standard deviation (SD) or as medians. Qualitative 
variables are expressed as absolute and relative frequencies. 
Categorical variables were compared by using the χ2 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 3rd 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 3rd d of the treatment (on the 5th 
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 5th d of 
treatment (on the 9th 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 3rd 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 5th d of treatment (on the 9th 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 9th d of the timeline revealed a decrease in the 

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 I (mild): < 5
Grade II (moderate): 6–9
Grade III (severe): 10–13

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)

3rd day 6.0 x 1010  

(2.0 x 1010 -7.0 x 1011)

2.0 x 1011  

(5.0 x 1010 -4.0 x 1012)

1.0 x 1012  

(1.5 x 1011 -5.0 x 1012)

1.0 x 1011  

(3.0 x 1010 -7.0 x 1011)

5th day 6.0 x 1010

(2.0 x 1010 -7.0 x 1011)

7.0 x 1010

(3.0 x 1010 -7.0 x 1011)

7.0 x 1010

(8.0 x109 -7.0 x 1011)

1.0 x 1010

(7.0 x 107 -1.0 x 1011)

9th day 4.0 x 107

(3.0 x 107 -5.0 x 107)

5.0 x 105

(100 -7.0 x 107)

5.0 x 105

(100 -7.0 x 108)

1000

(100 -4.0 x 105)

Histological examination 

Number (%)

Histologically normal 0 15 (21.4) 10 (14.3) 23 (32.9)

Grade I (mild) 0 32 (45.7) 45 (64.3) 47 (67.1)

Grade II (moderate) 19 (27.1) 23 (32.9) 0 0

Grade III (severe) 51 (72.9) 0 15 (21.4) 0
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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 3rd d of the study (before applying 
the probiotics and SP suspensions), the VRE count of the 5th 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). 

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.
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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. 
							     

Ethics Committe Approval: Our study was started after obtaining 

permission from Dokuz Eylül University Medical School Hospital  

Experimental Animal Local Ethics Committee (Protocol Number: 

114/2013).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - ST, ID, OY, GE; Design - ST, ID, OY, 

GE; Supervision - ST, ID; Resource - ST, OY; Data Collection and/or 

Processing - ST, ID, OY, GE; Analysis and/or Interpretation - ST, ID, OY, 

GE; Literature Search - ST, ID, OY; Writing - ST, ID, GE; Critical Review 

- ST, ID, OY, GE.

Conflict of Interest: The authors declare that there are no conflicts 

of interest.

Financial Disclosure: The authors declared that this study has 

received no financial support.

References

1.	 Baden LR, Critchley IA, Sahm DF. Molecular characterization of van-
comycin-resistant enterococci repopulating the gastrointestinal tract 
following treatment with a novel glycolipodepsipeptide, ramoplanin.  
J Clin Microbiol 2002;40:1160-3. [CrossRef]

2.	 Bonten MJ, Hayden MK, Nathan C, Rice TW, and Weinstein RA. Sta-
bility of vancomycin-resistant enterococcal genotypes isolated from 
long-term-colonized patients. J Infect Dis 1998;177:378-82. [CrossRef]

3.	 Linden PK. Optimizing therapy for vancomycin-resistant enterococci 
(VRE). Semin Respir Crit Care Med 2007;28:632-45. [CrossRef]

4.	 Linsalata M, Russo F, Berloco P. Effects of probiotic bacteria (VSL#3) on 
the polyamine biosynthesis and cell proliferation of normal colonic mu-
cosa of rats. In vivo 2005;19:989-95. [CrossRef]

5.	 McFarland L. Meta-analysis of probiotics fort he prevention of traveler’s 
diarrhea. Travel Med Infect Dis 2007;5:97-105. [CrossRef]

6.	 Kurugol Z and Koturoglu G. Effects of Saccharomyces boulardii in chil-
dren with acute diarrhea. Acta Pediatr 2005;94:44-7. [CrossRef]

7.	 Kim BR, Cho KJ, Kim D. Evaluation of synbiotics as gut health improve-
ment  agents  against  Shiga  toxin-producing Escherichia  coli  isolat-
ed from the pig. J Anim Sci Technol 2019;61:55-60. [CrossRef]

8.	 Ringel Y, Quigley EMM, Lin HC. Using Probiotics in Gastrointestinal Dis-
orders. Am J Gastroenterol Suppl 2012;1:34-40. [CrossRef]

9.	 Dever LL and Handwerger S. Persistence of vancomycin-resistant En-
terococcus faecium gastrointestinal tract colonization in antibiot-
ic-treated mice. Microb Drug Resist 1996;2:415-21. [CrossRef]

10.	 Crouzet L, Rigottier-Gois L, Serror P. Potential use of probiotic and com-
mensal bacteria as non-antibiotic strategies against vancomycin-resis-
tant enterococci. FEMS Microbiol Lett 2015;362:4-12. [CrossRef]

https://doi.org/10.1086/514196
https://doi.org/10.1055/s-2007-996410
https://doi.org/10.1016/j.tmaid.2005.10.003
https://doi.org/10.5187/jast.2019.61.2.55
https://doi.org/10.1038/ajgsup.2012.7
https://doi.org/10.1089/mdr.1996.2.415


J Pediatr Inf 2021;15(3):e175-e182Use of Three Probiotics in a Rat Modele182
Topal et al.

11.	 Millette M, Cornut G, Dupont C, Shareck F, Archambault D, and Lacroix 
M. Capacity of human nisin and pediocin-producing lactic acid bacte-
ria to reduce intestinal colonization by vancomycin-resistant entero-
cocci. Appl Environ Microbiol 2008;74:1997-2003. [CrossRef]

12.	 Sakai Y, Tsukahara T, Bukawa W, Matsubara N, Ushida K. Cell prepara-
tion of Enterococcus faecalis strain EC-12 prevents vancomycin-resis-
tant enterococci colonization in the cecum of newly hatched chicks. 
Poult Sci 2006;85:273-7. [CrossRef]

13.	 Vidal M, Forestier C, Charbonnel N, Henard S, Rabaud C, Lesens O. Pro-
biotics and intestinal colonization by vancomycin-resistant enterococ-
ci in mice and humans. J Clin Microbiol 2010;48:2595-8. [CrossRef]

14.	 Cetinkaya Y, Falk P, Mayhall CG. Vancomycin-resistant enterococci. Clin 
Microbiol Rev 2000;13:686-707. [CrossRef]

15.	 Manley KJ, Fraenkel MB, Mayall BC, Power DA. Probiotic treatment of 
vancomycin-resistant enterococci: a randomized controlled trial. Med J 
Aust 2007;186:454-7. [CrossRef]

16.	 Ubeda C, Taur Y, Jenq RR. Vancomycin-resistant Enterococcus dom-
ination of intestinal microbiota is enabled by antibiotic treatment 
in mice and precedes bloodstream invasion in humans. J Clin Invest 
2010;120:4332-41. [CrossRef]

17.	 O’Driscoll T, Crank CW. Vancomycin-resistant enterococcal infections: 
epidemiology, clinical manifestations, and optimal management. In-
fect Drug Resist 2015;8:217-30. [CrossRef]

18.	 Donskey CJ, Hoyen CK, Das SM, Farmer S, Dery M, Bonomo RA. Effect 
of oral Bacillus coagulans administration on the density of vancomy-
cin-resistant enterococci in the stool of colonized mice. Lett Appl Micro-
biol 2001;33:84-8. [CrossRef]

19.	 Donskey CJ, Hanrahan JA, Hutton RA, Rice LB. Effect of parenteral 
antibiotic administration on persistence of vancomycin-resistant En-
terococcus faecium in the mouse gastrointestinal tract. J Infect Dis 
1999;180:384-90. [CrossRef]

20.	 Szachta P, Ignyś I, Cichy W. An evaluation of the ability of the probiotic 
strain Lactobacillus rhamnosus GG to eliminate the gastrointestinal 
carrier state of vancomycin-resistant enterococci in colonized children. 
J Clin Gastroenterol 2011;45:872-7. [CrossRef]

21.	 Thomas CM, Versalovic J. Probiotics-host communication: Modulation 
of signaling pathways in the intestine. Gut Microbes 2010;1:148-63. 
[CrossRef]

22.	 Donskey CJ,  Chowdhry TK,  Hecker MT. Effect of antibiotic therapy on 
the density of vancomycin-resistant enterococci in the stool of colo-
nized patients. N Engl J Med 2000;343:1925-32. [CrossRef]

23.	 Hemarajata P, Versalovic J. Effects of probiotics on gut microbiota: 
mechanisms of intestinal immunomodulation and neuromodulation. 
Therap Adv Gastroenterol 2013;6:39-51. [CrossRef]

24.	 Yu Q, Yuan L, Deng J, Yang Q. Lactobacillus protects the integrity of 
intestinal epithelial barrier damaged by pathogenic bacteria. Front in 
Cell Infect Microbiol 2015;5:26. [CrossRef]

https://doi.org/10.1128/aem.02150-07
https://doi.org/10.1056/nejm200012283432604
https://doi.org/10.1177/1756283x12459294
https://doi.org/10.4161/gmic.1.3.11712
https://doi.org/10.1046/j.1472-765x.2001.00948.x
https://doi.org/10.1172/jci43918
https://doi.org/10.5694/j.1326-5377.2007.tb00995.x
https://doi.org/10.1128/jcm.00473-10
https://doi.org/10.1086/314874
https://doi.org/10.1097/mcg.0b013e318227439f



