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This article has an accompanying continuing medical education activity on page e144. Learning Objective–Upon completion of this activity,
successful learners will be able to identify the role of probiotics in liver transplant.

BACKGROUND & AIMS: Among patients who have received liver transplants, infections increase morbidity and mor-
tality and prolong hospital stays. Administration of antibiotics and surgical trauma create in-
testinal barrier dysfunction and microbial imbalances that allow enteric bacteria to translocate
to the blood. Probiotics are believed to prevent bacterial translocation by stabilizing the in-
testinal barrier and stimulating proliferation of the intestinal epithelium, mucus secretion, and
motility. We performed a meta-analysis to determine the effects of probiotics on infections in
patients receiving liver transplants.

METHODS: We searched PubMed and EMBASE for controlled trials that evaluated the effects of prebiotics
and probiotics on infections in patients who underwent liver transplantation. Heterogeneity
was analyzed by the Cochran Q statistic. Pooled Mantel–Haenszel relative risks were calculated
with a fixed-effects model.

RESULTS: We identified 4 controlled studies, comprising 246 participants (123 received probiotics, 123
served as controls), for inclusion in the meta-analysis. In these studies, the intervention groups
received enteric nutrition and fiber (prebiotics) with probiotics, and the control groups
received only enteric nutrition and fiber without probiotics. The infection rate was 7% in
groups that received probiotics vs 35% in control groups (relative risk [RR], 0.21; 95% confi-
dence interval [CI], 0.11–0.41; P[ .001). The number needed to treat to prevent 1 infection was
3.6. In subgroup analyses, only 2% of subjects in the probiotic groups developed urinary tract
infections, compared with 16% of controls (RR, 0.14; 95% CI, 0.04–0.47; P < .001); only 2% of
subjects in the probiotic groups developed intra-abdominal infections, compared with 11% of
controls (RR, 0.27; 95% CI, 0.09–0.78; P [ .02). Subjects receiving probiotics also had shorter
stays in the hospital than controls (mean difference, 1.41 d; P < .001), as well as in the intensive
care unit (mean difference, 1.41 d; P < .001), and duration of antibiotic use (mean difference,
3.89 d; P < .001). There was no difference in mortality between groups (RR, 0.97; 95%
CI, 0.21–4.47). There was no significant heterogeneity among studies.

CONCLUSIONS: Based on the meta-analysis, giving patients a combination of probiotics and prebiotics before,
or on the day of, liver transplantation reduces the rate of infection after surgery. These agents
also reduced the amount of time spent in the hospital or intensive care unit and the duration of
antibiotic use.
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Abbreviations used in this paper: CI, confidence interval; I2, inconsistency
index; ICU, intensive care unit; MD, mean difference of stay; NNT, number
needed to treat; RCT, randomized controlled trial; RR, relative risk; RRR,
relative risk reduction; SBD, selective bowel decontamination; UTI, urinary
tract infection.
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Liver transplantation is the life-saving therapy for
acute and chronic liver failure with irreversible

liver dysfunction. Since the first liver transplant in
1963,1 there has been a significant improvement in the
quality of life and survival of patients with end-stage
liver disease.2 Although the introduction of immunosup-
pressants was associated with a marked improvement in
patient outcomes,3 its use made post–liver transplant
infections a major complication. Bacterial infections con-
tribute to significant morbidity, mortality, and a prolonged
hospital stay. It has been reported that surgical wound in-
fections alone increase hospital stay by 24 more days per
patient4 and consequently increase hospital-associated
complications and the financial burden on the health sys-
tem. In addition, many risk factors related to the patient,
donor, surgery, and post transplant care have been shown
to increase the risk of infection after liver transplant4

(Table 1).
Probiotics have been proposed as a preventative

measure to decrease post-transplant infections. Pre-
surgical antibiotics and surgical trauma create intesti-
nal barrier dysfunction and microbial imbalance,
allowing enteric bacterial translocation to the blood.5

Probiotics are believed to decrease infection by pre-
venting bacterial translocation through the stabilization
of the intestinal barrier. Probiotics stimulate epithelial
growth, mucus secretion, and motility.6,7 They also
enhance innate immunity by stimulating the production
of secretory IgA and neutrophils and by reducing in-
flammatory cytokines.6,7 The suppression of pathogenic
microorganisms is another mechanism by which pro-
biotics decrease infection rate.6 Recent controlled
studies have shown that probiotics may carry a benefit
in decreasing post-transplant infection and length of
hospital stay. However, the current guidelines from the
American Association for the Study of Liver Disease do
not include probiotics as part of the transplant proto-
col. Therefore, we aimed to perform a systematic

review and meta-analysis to provide evidence-based
recommendations regarding probiotics for liver trans-
plant by examining their effectiveness on infection rate,
mortality, intensive care unit (ICU) stay, and hospital
stay.

Methods

Search Strategy and Study Selection

A search engine was developed to identify all human
studies that assessed probiotics for liver transplant
published in PUBMED and EMBASE until April 2015.
Reference lists of relevant original articles, review arti-
cles, and guidelines also were examined. There was no
language or date restriction. Reports without original
data (meta-analyses, reviews, editorial, letters, com-
ments, news, or guidelines), or animal or in vitro studies
were excluded. We also excluded studies that did not
evaluate probiotics or evaluated probiotics for other in-
dications. Thus, studies were included in the systematic
review and meta-analysis if they were controlled studies
that compared probiotics, regardless of the type, with
other regimens.

Outcome Assessment

The primary outcome assessed was the effect of
probiotics on the infection rate. Secondary outcomes
were hospital and ICU lengths of stay, antibiotics dura-
tion, acute graft rejection, and 30-day mortality.

Bacterial infection diagnosis was made by 2 criteria:
temperature higher than 38!C and clinical symptoms of
infection.7 Infections were defined as follows: (1) wound
infection7: pus was present in the wound and a positive
bacterial culture; (2) urinary tract infection: dysuria with
a positive urine culture; (3) cholangitis: fever with an

Table 1. Post Transplant Infection Risk Factors

Patient factors Donor factors Surgical factors Post-transplant factors

Age Prolonged ICU stay
of donor

Choledochojejunostomy Mechanical ventilation

MELD score >30; DMELD
(recipient MELD " donor age)

>1600

Donor infections Prolonged surgery >12 h Level and type of immunosuppression
(ie, use of monoclonal

and polyclonal antibodies)
Malnutrition Marginal graft Re-operation,

re-transplantation
Primary nonfunction, hepatic artery

thrombosis, portal vein thrombosis,
ischemic cholangitis, biliary
strictures, and fistulae

Prolonged hospital stay and
catheters before OLT

>15 U transfusions Post-transplant sclerosing cholangitis

Acute liver failure
Previous infections (SBP, sepsis,

pneumonia, CMV, UTI)
Previous TB
>48 h ICU in-patient pre-LT

CMV, cytomegalovirus; MELD, model for end-stage liver disease; OLT, orthotopic liver transplantation; SBP, spontaneous bacterial peritonitis.
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increase in cholestatic enzyme levels and dilated bile
ducts on ultrasound; and (4) intra-abdominal infection: a
wide variety of pathologic conditions that involve lesions
of all the intra-abdominal organs.

Data Extraction

Two investigators (T.S. and S.A.) independently
reviewed the identified abstracts and selected articles for
full review. Discrepancies were resolved by a third
reviewer (R.H.). For each selected publication, key study
characteristics were abstracted including publication
year, country, study design, participant characteristics
(age and sex), probiotics used, infection rate and type,
hospital and ICU lengths of stay, graft rejection, antibiotic
duration, and 30-day mortality rate. We followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses8 statement guidelines for the current
meta-analysis.

Assessment of Bias Risk

The risk of bias of included studies was assessed
using domain-based risk of bias tables, as recommended
by the Cochrane Collaboration (available: http://
handbook.cochrane.org). Each study was assessed inde-
pendently across different areas of potential bias, namely
study participation, allocation, randomization, blinding of
participants and outcome, study attrition, and reporting.
Low risk of bias means that sufficient data are reported
in the study to allow assessment of quality and fulfill the
criteria for the quality item, high risk of bias means that
sufficient data are reported in the study to assess quality
but do not fulfill the criteria for the quality item, and
uncertain risk of bias means that data used to assess the
quality item are not reported in the study. The overall
risk of bias for an individual study is categorized as low
(if the risk of bias is low in all domains), high (if the risk
of bias is high in at least one domain), or unclear (if the
risk of bias is unclear in at least one domain, and no
domains have a high or moderate risk of bias).

Statistical Methods

An intention-to-treat analysis was used for clinical
outcomes. The results were presented as the risk ratio
for dichotomous outcome measures with 95% confi-
dence intervals and the mean difference for continuous
outcomes with 95% confidence intervals. Outcomes from
individual studies were combined with the fixed-effects
model. Statistical heterogeneity among studies was
assessed with the inconsistency index (I2) statistic, which
ranges from 0% to 100% and is defined as the per-
centage of the observed intertrial variability that is
caused by statistical heterogeneity rather than chance for
each outcome (I2 > 50% denotes significant statistical
heterogeneity). Statistical heterogeneity was examined

by sensitivity analyses to clarify if any clinical hetero-
geneity was responsible for such statistical difference. All
statistical analyses were performed using RevMan soft-
ware version 5.2 (Review Manager, Copenhagen,
Denmark: The Nordic Cochrane Center, The Cochrane
Collaboration 2012) in which a 2-tailed P value less than
.05 was considered significant.

Results

Study Characteristics and Methodologies

A total of 139 unique references were identified; 135
references were excluded because the studies included
only cirrhotic patients pretransplant, surgeries other than
transplant, reviews, and among other reasons (Figure 1).
Four articles7,9–11 met the inclusion criteria and were
included in the systematic review and meta-analysis with
246 participants (123 probiotics, 123 controls) (Figure 1).
Two studies were from Europe, 1 study was from Asia,
and 1 study was from Australia (Table 2). In this cohort of
patients, there were more males than females (133 male,
113 female), with a mean age of 53 years.

Three of the 4 studies were randomized controlled
trials (RCTs)9–11 and 1 study7 was an experimental
controlled trial with a retrospective control group. Of the
4 included studies, Eguchi et al11 had an unclear risk for
bias and the rest of the studies had a high risk for bias
(Supplementary Figures 1 and 2).

The probiotic type and quantity were different. Each
study used a unique combination of bacteria (Table 2). All
studies used fibers (prebiotics) and enteral nutrition in
addition to the probiotics in the intervention groups. The
control groups were on prebiotics and enteric nutrition in
3 studies and only on enteric nutrition without prebiotics
in the study by Eguchi et al.11 The combination of pro-
biotics and prebiotics is called synbiotics. In 2002, Rayes
et al9 added a third comparison group that received se-
lective bowel decontamination (SBD). The SBD contained
tobramycin, amphotericin B, and colistin sulfate. Patients

Figure 1. Flow chart of literature review.
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Table 2. Characteristics of Included Studies

Study Country
Patient,

n
Age,
y

Female,
% Study design Probiotics used Control used

Pretransplant
antibiotics

used

Time
probiotic

was started
Probiotic

No
Control
No

Rayes et al,9

2002
Germany 63 50 52 Prospective RCT Enteric nutrition þ fibers þ probiotics

$ Lactobacillus plantarum 299 (AB Probi,
Lund, Sweden) at a dose of 1.0 billion

Enteric nutrition þ
fibers

þ Within 24 hours
of the surgery

31 32

Rayes et al,10

2005
Germany 66 51.5 42 Prospective

double-blind
RCT

Enteric nutrition þ fibers þ probiotics at a
dose of 10 billion
$ Pediacoccus pentosaceus 5-33:3
$ Leuconostoc mesenteroides 77:1
$ Lactobacillus paracasei species
paracasei F19

$ L plantarum 2362

Enteric nutrition þ
fibers

þ On the day of
surgery and
continued for
14 days after

33 33

Eguchi et al,11

2011
Japan 50 56 42 Prospective RCT Enteric nutrition þ fibers þ probiotics

$ 20 mg of living Lactobacillus casei
strain Shirota

$ 15 mg of living Bifidobacterium breve
strain Yakult

$ Galactooligosaccharides 15 g

Enteric nutrition þ 2 days before
surgery and
for 14 days
after

25 25

Zhang et al,7

2013
Australia 67 56 46 Controlled trial with

retrospective
controlled group

Nutrition þ fibers þ probiotics a capsule
containing (6 different strains)
$ Lactobacillus acidophilus (LA-14)
15.5 Billion

$ L plantarum (LP-115) 5.0 Billion
$ Bifidobacterium lactis (BL-04) 2.0 billion
$ Lactobacillus casei (LC-11) 1.5 billion
$ Lactobacillus rhamnosus (LR-32)
1.5 billion

$ Lactobacillus brevis (LBr-35) 1.5 billion

Enteric nutrition þ
fibers

þ Immediately
after surgery

34 33
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in all studies received at least 1 dose of prophylactic
antibiotic before liver transplant. Probiotics were
administered on the day of surgery in 3 trials,7,9,10 and the
day before surgery in the study by Eguchi et al.11 The end
points examined were the overall infection rate, infection
types, ICU length of stay, hospital length of stay, side
effects, and 30-day mortality.

Meta-Analysis

Infection rate. All 4 included studies evaluated the
effect of probiotics on infection rate. The infection rate
was 7% in the probiotics group compared with 35% in
the control group (relative risk [RR], 0.21; 95% confi-
dence interval [CI], 0.11–0.41; P < .001) without signif-
icant statistical heterogeneity I2 ¼ 1% (Figure 2). The
number needed to treat (NNT) to prevent 1 infection
with probiotics for a duration ranging between 1 day
before surgery to 2 weeks after transplant was 3.6. In the
control arm, a urinary tract infection (UTI) was the most
common cause of infection in 46.5% (Supplementary
Table 1), followed by intra-abdominal infections in
32.5%. On the other hand, intra-abdominal infections
accounted for the majority of infections in the probiotics
group (33.3%). A subgroup analysis of infection types
showed a significant decrease in the UTI rate with pro-
biotics of 2%, compared with 16% in the control group
(RR, 0.14; 95% CI, 0.04–0.47; P ¼ .001) without

statistical heterogeneity I2 ¼ 0% (Figure 2), and an intra-
abdominal infection rate of 2% in the probiotics group
compared with 11% in the control group (RR, 0.27; 95%
CI, 0.09–0.78; P ¼ .02) without statistical heterogeneity
I2 ¼ 0% (Figure 2). There were no significant benefits of
probiotics on wound infections (RR, 0.38; 95% CI,
0.09–1.53; P ¼ .17), I2 ¼ 0%, or pneumonia (RR, 0.29;
95% CI, 0.06–1.35; P ¼ .11), I2 ¼ 0%. Enterococcus was
the most common pathogen in both groups. It accounted
for 3 of the 9 infections (33.3%) in the probiotics group
and 24 of the 43 infections (56%) in the control group.
The incidence of Enterococci infection was significantly
higher in the control group compared with the probiotics
group (RR, 0.25; 95% CI, 0.11–0.59; P ¼ .001), I2 ¼ 26%.
Staphylococcus was the second most common pathogen
(Supplementary Table 2).

Hospital and intensive care unit length of stay. Pro-
biotics significantly decreased the length of hospital stay
with amean difference of stay (MD) -1.41 d (95% CI, -1.97
to -0.86; P < .001) (Figure 3) without statistical hetero-
geneity I2 ¼ 0%. Probiotics also shortened ICU stay (MD,
-1.41 d; 95% CI, -2.09 to -0.73; P < .001), I2 ¼ 0%
(Figure 3), and the duration of antibiotic use (MD, -3.89;
95% CI, -4.17 to -3.60; P < .001), I2: 80% (Figure 3).

Acute graft rejection. The three RCTs evaluated the
effect of probiotics on acute graft rejection. There was no
significant difference in acute graft rejection between the
probiotics group at 20% and the control group at 28%

Figure 2. Forest plot of
infection rates with pro-
biotics compared with the
control group. The relative
risk and 95% confident
interval are shown.
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(RR, 0.73; 95% CI, 0.44–1.22; P ¼ .23) without statistical
heterogeneity I2 ¼ 0% (Figure 4).

Mortality. Three studies7,9,11 provided data on 30-day
mortality rates. Two studies7,9 had no mortality during
the study period. The third study11 had a mortality rate
of 3% in both groups (RR, 0.97; 95% CI, 0.21–4.47). No
difference in mortality was noted with the use of
probiotics

Side effects. The use of probiotics was not associated
with an increased risk of side effects. Diarrhea and
bloating were the main side effects. However, there was
no significant difference between the probiotics group
and the control group (RR, 0.57; 95% CI, 0.27–1.22;
P ¼ .15), I2 ¼ 0%.

Sensitivity Analysis

We performed a sensitivity analysis in which we
removed 1 study at a time. We also performed another
analysis in which we removed the nonprospective study.
The sensitivity analyses did not change the direction or
the statistical significance of any of the RRs or MDs, or
the level of heterogeneity in any of the analyses or sub-
group analyses. When we removed the 1 study with a

retrospective control group,7 the results did not change.
Without the study by Zhang et al,7 probiotics signifi-
cantly decreased the overall infection rate (RR, 0.18;
95% CI, 0.08–0.42; P < .0001), including UTI (RR, 0.11;
95% CI, 0.03–0.44; P ¼ .002) and intra-abdominal in-
fections (RR, 0.29; 95% CI, 0.09–0.89; P ¼ 0.03). The
results remained unchanged in terms of shortening the
length of hospital stay (MD, -1.31; 95% CI, -1.91 to -0.71;
P < .001) and ICU stay (MD, -1.41 d; 95% CI, -2.09 to
-0.73; P < .001). The graft rejection and mortality rates
remained insignificant without any change in the
numbers.

Discussion

Since the first liver transplant, surgical technique has
evolved dramatically, making liver transplantation more
feasible. However, post-transplant infection is still a major
challenge and is considered the leading cause of morbidity
in the first 3 months after surgery.12 Bacterial infection is
the most common cause of post-transplant infection, ac-
counting for 61.3% of infections and has the worst impact
on survival, followed by fungal infections (23.3%) and
cytomegalovirus (6%).13,14 Because of this grave impact

Figure 3. Forest plot of
mean difference and in-
verse variance (IV) in (A)
hospital length of stay, (B)
ICU length of stay, and (C)
antibiotic duration.

Figure 4. Forest plot of
controlled trials of pro-
biotics vs control in liver
transplant: effect on acute
graft rejection.
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on morbidity and mortality, many preventive methods
have been proposed to decrease the infection risk.

This systematic review and meta-analysis included 4
controlled trials with 246 participants (123 in each arm).
All 4 studies that we included used early enteral nutri-
tion in both groups. Early enteral nutrition was defined
as administration of enteral feeding in the first 48 hours
after surgery, and has been proven to decrease the
incidence of post-transplant bacterial infection in multi-
ple RCTs.15 Our meta-analysis showed that adding pro-
biotics significantly reduced the risk of infections with a
relative risk reduction (RRR) of 80% and a NNT of 3.6.
This conclusion expanded to urinary tract infection (RRR,
75%; NNT, 7) and intra-abdominal infection (RRR, 82%;
NNT, 11). All patients in the 4 studies had a urinary
catheter for the surgery, which was removed as soon as
possible. The studies reported no difference in the
duration of the urinary catheter or pre-existing urinary
tract diseases between the probiotics and the control
groups. Therefore, we attributed the decrease in urinary
tract infections to the use of probiotics rather than a
difference in baseline characteristics. The effect of pro-
biotics on urinary tract infections could be explained by
different mechanisms. First, the main pathogenesis of a
UTI is bacterial transmission from the bowel to the uri-
nary tract. Probiotics can eliminate pathogenic microor-
ganisms from the gut and subsequently decrease
bacterial transmission. Second, probiotics decrease toxin
production. Third, probiotics enhance the immune sys-
tem by modulating the innate and adaptive immune
response and increase IgA secretion.16–18

We postulate that because probiotics decrease the
infection rate and antibiotic duration, they should lead to
a decrease the emergence of resistant organisms.
Although this idea is appealing, larger studies are needed
to confirm these findings given the small number of
patients tested. We also concluded that probiotics
potentially could shorten the hospital and ICU length of
stay, and subsequently health cost, without significant
side effects. Although probiotics decreased the post-
transplant infection rate, there was no significant effect
on acute graft rejection or mortality. Garbino et al19

described the correlation between infection rates and
acute rejection in 98 liver transplant patients over 10
years. They concluded that the rates of bacterial, viral, or
protozoal infections were not higher in patients with 1 or
more rejection episodes than in patients without. The
lack of association between bacterial infections and acute
rejection might explain the absence of a significant effect
of probiotics on acute rejection. We explained the insig-
nificant effect of probiotics on mortality with the small
number of study participants or, indeed, no real associ-
ation between the probiotics and mortality. Thus, a
larger study is needed to test the effect on mortality.

No meta-analysis was performed on the effect of
probiotics in comparison with SBD because only 1 study
was available.9 In 2002, Rayes et al9 compared the
combination of probiotics and fiber with SBD and

concluded that probiotics significantly decreased the
infection rate, hospital stay, and ICU stay compared with
SBD.

The American Association for the Study of Liver Dis-
ease provided guidelines for long-term management of
liver transplant20 in which they incorporated the Grading
of Recommendations Assessment, Development and
Evaluation approach (GRADE).21 They recommended the
implementation of prophylactic antimicrobials, the
avoidance of high-risk exposures, and the minimization
of immunosuppression as a method to reduce the
occurrence of opportunistic infections in the period be-
tween 3 and 6 months after surgery (grade I A). Recently,
Fagiuoli et al22 reported on the Italian Association for the
Study of the Liver conference on the prevention and
management of infectious complications of pre– and
post–liver transplantation and used the GRADE system
to summarize their recommendations. They recommend
obtaining methicillin-resistant Staphylococcus aureus
decolonization with 2% intranasal mupirocin and
chlorhexidine baths and to prevent vancomycin-resistant
Enterococci and multidrug resistant gram-negative in-
fections (grade II A) by contact isolation. They also
recommend surgical prophylaxis in low-risk patients by
using cefotaxime and ampicillin or by piperacillin-
tazobactam (based on local epidemiology) not
exceeding 48 hours’ duration (grade II A). Based on our
findings, it could be beneficial to add probiotics to the
current liver transplant guidelines given the lack of sig-
nificant side effects and potential benefits.

A Cochrane review23 evaluated different methods of
preventing bacterial sepsis and wound complications
after liver transplantation including selective bowel
decontamination, prebiotics, probiotics, and the combi-
nation of prebiotics and probiotics. The Cochrane review
included 2 RCTs comparing the combination of pre-
biotics and probiotics with prebiotics only.9,10 Their
conclusion was similar to ours in terms of no difference
in acute graft rejection or mortality. In contrast to our
results, they did not find a statistically significant benefit
in terms of bacterial infection rate, hospital length of
stay, or ICU length of stay. No subgroup analysis on
infection types was provided. We attribute this differ-
ence in the conclusion to the difference in the included
studies. The Cochrane review could not include the study
by Zhang et al,7 which was published after the review, or
the study by Eguchi et al,11 which was outside their data
review because of an unspecified reason.

The limitations of our analysis were as follows: first,
we included 1 control study with a retrospective control
group.7 However, when the study by Zhang et al7 was
removed during the sensitivity analysis, none of the re-
sults changed. Second,9,10 two of the 4 included studies
were performed by the same research group (Rayes
et al). However, the patient population was different
between the 2 studies without any overlap. Third, the
probiotics used in the studies were different in terms of
combinations and concentrations so we are not able to
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recommend a particular brand, combination, or dosage.
However, Lactobacillus species were the main compo-
nent of the probiotics used in all of the studies, with
Lactobacillus plantarum (concentration of at least 109)
being the most studied species. Thus, we recommend a
larger randomized controlled trial using probiotics that
contain Lactobacillus species to better determine the
promising impact of probiotics on liver transplant.

Conclusions

Our findings show that the use of a combination of
probiotics and prebiotics before or on the day of surgery
decreases the post–liver transplant infection rate and
could shorten the hospital stay, ICU stay, and the dura-
tion of antibiotic use. Probiotics are cheap, with a cost of
approximately $0.5/pill and carry a health benefit in
terms of transplant outcomes. A well-powered, ran-
domized, clinical trial is needed to better determine the
true benefit of the use of probiotics and prebiotics.
Future studies also need to examine both types of strains
and doses to better define our findings

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2015.05.027.
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Supplementary
Figure 1. Risk of bias
graph: review authors’
judgements about each
risk of bias item presented
as percentages across all
included studies.

Supplementary
Figure 2. Risk of bias sum-
mary: review authors’ judge-
ments about each risk of bias
item for each included study.
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Supplementary Table 1. Infection Type Among the Included
Studies

Infection type Probiotics Control

Patients who developed
infections, n

9 43

UTI 2 20
Wound infection 2 6
Intra-abdominal infection 3 14
Pneumonia 1 6
Others 1 2
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Supplementary Table 2. Pathogen Distribution Among the Included Studies

Studies

Probiotics Control

Enterococci
Escherichia

coli Enterobacter Pseudomonas Staphylococcus MRSA Enterococci
E
coli Enterobacter Pseudomonas Staphylococcus MRSA

Reyes et al,9

2002
1 0 0 0 1 NR 8 1 1 0 3 NR

Reyes et al,10

2005
1 0 0 0 0 0 11 3 2 2 1 NR

Eguchi et al,11

2011
1 0 0 0 0 0 5 0 0 0 3 3

MRSA, methicillin-resistant Staphylococcus aureus; NR, not reported.
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