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Abstract 

Purpose: To evaluate the potential preventive effect of probiotics on ventilator‑associated pneumonia (VAP).

Methods: This was an open‑label, randomized, controlled multicenter trial involving 235 critically ill adult patients 
who were expected to receive mechanical ventilation for ≥48 h. The patients were randomized to receive (1) a pro‑
biotics capsule containing live Bacillus subtilis and Enterococcus faecalis (Medilac‑S) 0.5 g three times daily through a 
nasogastric feeding tube plus standard preventive strategies or (2) standard preventive strategies alone, for a maxi‑
mum of 14 days. The development of VAP was evaluated daily, and throat swabs and gastric aspirate were cultured at 
baseline and once or twice weekly thereafter.

Results: The incidence of microbiologically confirmed VAP in the probiotics group was significantly lower than that 
in the control patients (36.4 vs. 50.4 %, respectively; P = 0.031). The mean time to develop VAP was significantly longer 
in the probiotics group than in the control group (10.4 vs. 7.5 days, respectively; P = 0.022). The proportion of patients 
with acquisition of gastric colonization of potentially pathogenic microorganisms (PPMOs) was lower in the probiotics 
group (24 %) than the control group (44 %) (P = 0.004). However, the proportion of patients with eradication PPMO 
colonization on both sites of the oropharynx and stomach were not significantly different between the two groups. 
The administration of probiotics did not result in any improvement in the incidence of clinically suspected VAP, antimi‑
crobial consumption, duration of mechanical ventilation, mortality and length of hospital stay.
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Take home message: The administration of probiotics was associated 
with a reduction of VAP incidence and a delay of VAP occurrence 
after tracheal incubation. Probiotics treatment may have prevented 
gastric colonization with PPMOs, but it was unable to eradicate PPMO 
colonization in the stomach of mechanically ventilated ICU patients.
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Introduction
Ventilator-associated pneumonia (VAP) in mechani-
cally ventilated patients is the most commonly occur-
ring nosocomial bacterial infection in the intensive care 
unit (ICU), with reported incidences as high as 78 % [1]. 
VAP is associated with prolonged hospital stay, increased 
medical costs and higher morbidity and mortality rates 
[1, 2]. Because VAP is largely preventable, strategies 
aimed at preventing/reducing the incidence of this infec-
tion is a major challenge to ICUs.

The pathogenesis of VAP usually requires two impor-
tant processes: bacterial colonization of the upper diges-
tive tract and aspiration of contaminated secretions into 
the lower airway. One therapeutic approach to prevent 
VAP which gained support is the implementation of 
measures aimed at attenuation of the burden of bacterial 
colonization in the upper digestive tract. Selective decon-
tamination of the digestive tract using non-absorbable 
antibiotics topically applied to the gastrointestinal tract 
and systemic antibiotic prophylaxis has been reported to 
decrease the incidence of VAP [3, 4] and reduce mortality 
rates by eradicating microorganisms from the stomach. 
However, the constant threat of Gram-positive bacteria 
overgrowth and the development of antibiotic resistance 
in both Gram-positive and Gram-negative organisms, as 
well as the absence of any formal analysis of the impact of 
these effects on morbidity and mortality, have limited the 
widespread use of selective decontamination of the diges-
tive tract [5, 6].

A promising alternative is to use probiotic bacteria 
which are defined as “living microorganisms that (when 
ingested) have a beneficial effect in the prevention and 
treatment of specific pathologic conditions” [7]. Probi-
otics have been proposed to exert beneficial effects by 
enhancing gut barrier function, inhibiting colonization of 
potentially pathogenic microorganisms (PPMOs), main-
taining a normal intestinal milieu, synthesizing antibac-
terial substances and stimulating local immunity, among 
others [8, 9]. Probiotics may exert their preventive effect 
on VAP by reducing bacterial colonization in the upper 
digestive tract via a combination of local and systemic 
effects [10]. A pilot study reported that the number of 
mechanically ventilated patients with pathogenic enteric 
bacterial colonization of the oropharynx or trachea was 
lower when the patients received oral care involving the 
probiotic Lactobacillus plantarum 299 [11]. While it has 
not yet been proven that probiotics induce the selection 

and overgrowth of antibiotic-resistant microorganisms, 
it has been shown that probiotics do inhibit antibiotic-
resistant bacteria colonizing in the digestive tract. Oral 
administration of probiotic yoghurt (containing Lacto-
bacillus rhamnosus GG) was associated with a significant 
reduction in gastrointestinal carriage of vancomycin-
resistant enterococci [12]. Moreover, probiotics have 
other critical advantages which antibiotics do not have, 
such as high safety and no obvious contraindication in 
clinical application. Therefore, we hypothesized that pro-
biotics would reduce the incidence of VAP in patients 
receiving mechanical ventilation by reducing the coloni-
zation of PPMOs in the stomach and the oropharynx.

Methods
Patients
Patients admitted to any one of the 11 participating ICUs 
in nine Chinese teaching hospitals between May 2010 
and April 2015  were consecutively screened for entry 
into this clinical trial. The ICUs served a mixed popula-
tion of medical, surgical, trauma and neurologic patients.

All critically ill adult patients (age ≥18  years) with 
an expected need of mechanical ventilation for at least 
48 h were eligible for entry into the study. Exclusion cri-
teria were: (1) age of  <18  years or  >80  years; (2) severe 
multiple organ failure, with an Acute Physiology and 
Chronic Health Evaluation (APACHE) II score  of ≥25; 
(3) mechanical ventilation for >72 h prior to enrollment; 
(4) failure of enteral feeding; (5) administration of immu-
nodepressants 1 week before enrollment or diagnosis of 
immunosuppressive diseases, such as malignant tumor, 
acquired immune deficiency syndrome and human 
immunodeficiency virus carriers; (6) pregnancy or lacta-
tion. Informed written consent was obtained from each 
patient or a legal representative of the family. This study 
protocol was approved by the human ethics committees 
in Shandong University (protocol no. 2009021) and was 
carried out in accordance with the Declaration of Hel-
sinki (2000) of the World Medical Association.

Study design
This clinical trial was designed as a prospective, open-
label, randomized, controlled multicenter study. Patients 
meeting the inclusion criteria were enrolled and rand-
omized (in a 1:1 ratio) into a probiotics group and a con-
trol group, respectively, within 24 h of admission to the 
ICU or within 24 h of tracheal intubation if the intubation 

Conclusion: Therapy with the probiotic bacteria B. Subtilis and E. faecalis are an effective and safe means for prevent‑
ing VAP and the acquisition of PPMO colonization in the stomach.
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occurred in the ICU. The probiotic group was given com-
mercially available probiotics capsules (Medilac-S, China) 
0.5 g three times daily plus standard preventive strategies 
of VAP, and the control group received standard pre-
ventive strategies only. Patients in the probiotics group 
started taking the capsules within 2  h after randomiza-
tion. The standard preventive strategies of VAP included 
daily screening for weaning potential and weaning from 
mechanical ventilation as soon as possible, hand hygiene, 
aspiration precautions and prevention of contamination 
(the “WHAP” strategies) [13]. All patients were placed 
in a semi-recumbent position in the absence of contrain-
dication. Continuous control of tracheal cuff pressure 
was maintained at around 25  cm H2O using a manom-
eter to prevent regurgitation and aspiration. A tracheal 
tube which enabled subglottic secretion aspiration was 
the first choice and the preferred option over the normal 
tracheal tube. Until enteral feeding was established, all 
patients admitted to the ICU received intravenous pro-
ton pump inhibitors as stress ulcer prophylaxis. Enteral 
feeding was started as soon as possible when gastrointes-
tinal peristalsis was present. Moreover, chest radiographs 
were performed on all patients after tracheal incubation 
and thereafter when clinically indicated; endotracheal 
suctioning was performed by the nursing staff if neces-
sary. When mechanical ventilation was expected to be 
necessary for >3 weeks, patients received a tracheotomy. 
Normal oropharyngeal care measures included rinsing 
the mouth with water and, if possible, brushing the teeth 
once daily. To prevent cross-acquisition, dispensers filled 
with disinfectants were placed at each bedside, and the 
staff in ICU was regularly educated to comply with infec-
tion control procedures during the study period.

This study continued until tracheal extubation, dis-
charge from the hospital or death, with a maximum 
study duration of 14  days. Each probiotics capsule con-
tained active Bacillus subtilis and Enterococcus faecalis at 
a concentration of 4.5 × 109/0.25 g and 0.5 × 109/0.25 g, 
respectively. All patients had a nasogastric tube. For 
delivery to the patient, the probiotics capsules were first 
broken open and the contents diluted in 50–80 ml sterile 
water; this solution was administered as a bolus through 
a nasogastric tube by the nursing staff. All probiotics 
capsules were stored at 4  °C. Researchers checked each 
patient’s consumption and recorded missed or refused 
medications to assess compliance. A patient who took 
more than 80 % of the study medication was considered 
to be compliant.

Sample size
The incidence of VAP in China is approximately 60.0  % 
according to published data [14]. We estimated that 
a sample size of 234 patients (117 in each group) was 

required in order to have a power of 80 % to detect a dif-
ference of 20 % in the incidence of VAP between the con-
trol group and the probiotics group after treatment at a 
significance level of 5 % with an acceptable dropout rate 
(10 %).

Data collection
The age, sex, medical specialty, diagnosis at admission, 
reason for mechanical ventilation, prior antibiotic use, 
length of hospital stay before admission to ICU, and 
APACHE II scores (range 0–71, with higher scores indi-
cating more severe illness) of each patient were recorded 
at baseline. The proportion of patients with a nasotra-
cheal tube or tracheal tube with subglottic secretion 
drainage, who were started on early enteral nutrition 
(started within 48 h following ICU admission) and who 
used proton pump inhibitors during the study period 
were recorded. We also monitored prospectively the 
number of days studied, duration of mechanical ventila-
tion, length of ICU and hospital stay, signs of infection 
(temperature, leukocyte counts and differential counts, 
interpretation of chest radiographs, microbiological 
results) and antibiotic use.

Ventilator‑associated pneumonia
All patients were evaluated daily for the presence of VAP 
by the authors of the study. A clinical diagnosis of VAP 
was based on the presence of a new, persistent or pro-
gressive infiltrate on chest radiographs that persisted for 
at least 48  h (as interpreted by radiologists blinded to 
the patients’ treatment assignments) combined with at 
least two of the following criteria: (1) a temperature of 
>38.0  °C or <35.5  °C; (2) a blood leukocytosis count of 
>12 ×  103/mm3 or <3 ×  103/mm3 and/or left shift; (3) 
purulent tracheal aspirates [14, 15]. Prior to making a 
clinical diagnosis of VAP, the attending physician should 
exclude other pulmonary diseases such as acute respira-
tory distress syndrome, lung edema, pulmonary tuber-
culosis, pulmonary embolism, cryptogenic organizing 
pneumonia and acute interstitial pneumonia, among 
others. All clinical diagnoses of VAP were evaluated and 
agreed upon by two of the authors. Endotracheal aspi-
rate samples for semiquantitative cultures of PPMOs 
were obtained from all patients with clinically diagnosed 
VAP. These cultures were scored using the four-quad-
rant method, with a score of 0 indicating  no growth; 
1+ =  rare growth; 2+ =  light growth; 3+ = moderate 
growth; 4+ = heavy growth. A score of 3+ or 4+ defined 
the presence of microbiologically confirmed VAP in 
the semiquantitative cultures of endotracheal aspirate. 
Early-onset VAP was defined as VAP diagnosed within 
the first 4 days of mechanical ventilation, and late-onset 
VAP was diagnosed when VAP presented thereafter. All 
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members of the microbiology laboratory were blind to 
the study.

Microbiology
The throat swabs and gastric aspirate were sent to the 
microbiology laboratory for surveillance semi-quantita-
tive culture of PPMOs at baseline and subsequently once 
or twice weekly. Bacteriological culture was performed 
using standard microbiological methods, and antibiotic 
susceptibility was evaluated by means of the Kirby–Bauer 
disk diffusion testing method according to the guidelines 
established by the National Committee for Clinical Labo-
ratory Standards (NCCLS). The NCCLS criteria for sus-
ceptibility and resistance were used. Antibiotic-resistant 
bacteria were defined as Gram-negative bacteria resist-
ant to aminoglycosides, third-generation cephalosporins, 
extended-spectrum penicillins, quinolones or imipe-
nem, and Gram-positive bacteria were defined as those 
resistant to oxacillin or vancomycin. All members of the 
microbiology laboratory were blind to the study.

Definitions
Colonization at baseline, eradication of colonization and 
acquired colonization were defined as reported previ-
ously [16]. Colonization was defined as the presence of 
microorganisms in two or more consecutive specimens 
from one site without infection. Colonization at baseline 
was defined as colonization demonstrated before enroll-
ment or within 24 h after enrollment. Eradication of col-
onization was defined as the absence of microorganisms 
in two or more consecutive cultures of one site that was 
colonized at baseline; this measure was reported as the 
proportion of colonized patients for whom eradication 
occurred. Acquired colonization was defined as coloni-
zation which occurred >24 h after enrollment in patients 
without colonization at baseline.

Data analysis
The primary endpoints of the study were the incidence 
of microbiologically confirmed VAP in patients intu-
bated for ≥48  h and the proportions of eradication of 
colonization and acquired colonization with PPMOs in 
the oropharynx and stomach. The secondary endpoints 
were number of days on mechanical ventilation, of days 
in the ICU and of days in the hospital after ICU admis-
sion, mortality (in ICU, in hospital) and number of days 
of antibiotic use for VAP, of antibiotic-free days at day 28, 
of carbapenem-free days at day 28 and of glycopeptide- 
or linezolid-free days at day 28.

Statistical analysis
Categorical data were presented as proportions or per-
centages and analyzed by the Chi-square or Fisher exact 

test. Normality of all data sets was determined using 
the Kolmogorov–Smirnov test. Parametric data were 
expressed as mean  ±  standard deviation and analyzed 
by the two-tailed, paired or nonpaired t test, while non-
parametric data were reported as medians with inter-
quartile ranges and analyzed by the Mann–Whitney U 
test. Kaplan–Meier analyses with log rank tests were per-
formed to calculate the probability of remaining without 
VAP. Incidence rates of pneumonia were compared by 
using risk ratios (RR) with 95 % confidence intervals (CI). 
The SPSS for Windows statistical program (version 12.0; 
IBM Corp., Armonk, NY) was used for data statistics. Sta-
tistical significance was set at P < 0.05 and highly signifi-
cant values had a significance of P < 0.01.

Results and discussion
Study population
A total of 457 patients were screened, of whom 207 were 
excluded from entry to the study because of an expected 
need for mechanical ventilation of <48 h, refusal to give 
informed consent and exclusion criteria. The remaining 
250 patients were randomly assigned to the probiotics 
group or to the control group. Following randomization, 
15 patients did not complete the study; the remaining 
235 patients did complete the study (Fig.  1). Probiotics 
capsules were administered to those patients in the pro-
biotics group according to the study protocol on 95.8 % 
of all patient-days.

The demographic and baseline characteristics were 
similar between the two groups, as listed in Table 1. There 
were no significant differences between the study (probi-
otics) group and the control group terms of in APACHE 
II scores, proportions of patients with nasotracheal tube, 
proportions of patients with tracheal tube with subglottic 
secretion aspiration, antibiotic use on admission, initia-
tion of early enteral feeding, prescription of proton pump 
inhibitors during the study and the length of time intu-
bated before randomization.

Primary endpoints of the study
Ventilator‑associated pneumonia
Among the 118 patients receiving the probiotics cap-
sules containing live microorganisms, 43 (36.4  %) were 
diagnosed with microbiologically confirmed VAP, as 
compared with 59 of the 117 (50.4 %) patients in the con-
trol group (P =  0.031; Table 2). Although the incidence 
of clinically diagnosed VAP tended to be lower in probi-
otics patients (40.7 %) than in control patients (53.0 %), 
this difference was not statistically significant (P = 0.059; 
Table  2). The probability of remaining free of VAP dur-
ing the study period was significantly higher in the pro-
biotics group than in the control group (P = 0.004 by the 
log rank test) (Fig. 2). Compared to the control group, the 
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administration of prophylactic probiotics resulted in a RR 
for VAP of 0.72 (95  % CI 0.53–0.97), which is a reduc-
tion in the RR of 0.28 (95 % CI 0.03–0.47) and a reduc-
tion in the absolute risk of 0.14 (95 % CI 0.0081–0.2719), 
indicating that seven patients need to be treated to pre-
vent one episode of VAP. The mean time to the onset of 
VAP after tracheal intubation was significantly longer in 
the probiotics group than in the control group (10.4 vs. 
7.5 days, respectively; P = 0.022).

Approximately 20  % of the episodes of microbiologi-
cally confirmed VAP were early-onset episodes. The 
proportion of patients with late-onset VAP was simi-
lar in the probiotics group and control group (83.7 vs. 
79.7 %, respectively; P =  0.603). The pathogens isolated 
from lower respiratory tract from patients with VAP 
are reported in Table  2. The most commonly isolated 
etiologic pathogens of VAP in both groups were Gram-
negative organisms, of which the most common were 
Pseudomonas aeruginosa and Acinetobacter baumannii. 
The most commonly isolated Gram-positive microorgan-
ism in both groups was Staphylococcus aureus. There was 
no significant difference in the types of isolated patho-
gens between the probiotics group and the control group 
(P = 0.866) (Table 2). The number of recurrent episodes 
of VAP during the study period was very low in both the 

probiotics group and control group, possibly due to the 
relative short duration of the study period.

PPMO colonization of the oropharynx and stomach
The proportion of patients with colonization of PPMOs 
in the oropharynx at baseline was 27.1 % in the probiot-
ics group and 23.9  % in the control group (P =  0.575). 
At baseline, PPMO colonization of the stomach was 
detected in 15.3 % of the patients in the probiotics group 
and 22.2 % the patients in the control group (P = 0.171) 
(Table  3). The colonization rates of PPMOs, including 
Enterobacteriaceae, glucose non-fermentative  Gram-
negative bacteria species, Enterococcus species, Staphylo-
coccus aureus, Streptococcus species and Candida species 
in the oropharynx and stomach were comparable for the 
probiotics and control groups [see Electronic Supple-
mentary Material (ESM) Table E1].

Neither the eradication of colonization with PPMOs 
[46.9 (probiotics patients) vs. 32.1  % ( control patients); 
P  =  0.245] nor the acquisition of colonization with 
PPMOs [44.2  (probiotics patients) vs. 52.8  % (control 
patients); P  =  0.254) were significantly improved in 
the oropharynx after the probiotics therapy compared 
to the control therapy (Table  3). In addition, although 
prophylactic administration of the probiotics capsules 

Fig. 1 Flow diagram of patient enrollment
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containing live microorganisms was associated with 
a tendency toward the prevention of acquisition with 
PPMOs in the stomach [24 (probiotics patients) vs. 
44  % (control patients); P =  0.004], it did not improve 
the eradication of gastric colonization with PPMOs 
[27.8 (probiotics patients) vs. 19.2  % (control patients); 
P  =  0.756] (Table  3). The acquired gastric coloniza-
tion rates of Enterobacteriaceae, glucose non-fermen-
tative  Gram-negative  bacteria species, Enterococcus 
species, Staphylococcus aureus, Streptococcus species and 
Candida species were not significantly different between 
the probiotics group and control group (P = 0.452; ESM 
Table E1).

Secondary endpoints of the study
The median number of days studied and duration of 
mechanical ventilation were not significantly differ-
ent between the probiotics group and the control group 
(Table  4). The administration of probiotics did not 
shorten the duration of antibiotic use: the number of 
days for which antibiotics were prescribed for VAP and 

the number of antibiotic-free days at day 28, carbape-
nem-free days at day 28 and glycopeptide- or linezolid-
free days at day 28 were comparable for the probiotics 
and control patients. The number of days in the ICU 
and in the hospital after ICU admission were also com-
parable for the probiotics and control patients (Table 4). 
Although ICU mortality tended to be higher among 
probiotics patients (12.7  %) as compared with control 
patients (7.7 %), this difference was not statistically signif-
icant (P = 0.207; Table 4), and the mortality in the hospi-
tal between the two groups was not significantly different 
[10.7  (probiotics patients) vs. 14.8  % (control patients); 
P = 0.369; Table 4).

Safety
The probiotics treatment was found to be safe among 
our critically ill patients. There were no reported adverse 
events and severe adverse events related to the probiotics 
capsule, as expected.

Probiotics have been proposed as an effective treat-
ment for the prevention of nosocomial infections, 

Table 1 Patient characteristics

Data in table are presented as the mean ± standard deviation (SD) or as a number with/without the percentage in parenthesis or as the median with the interquartile 
range (IQR) in square brackets, as appropriate

APACHE II Acute Physiology and Chronic Health Evaluation II, ICU intensive care unit
a Including spinal cord injury

Characteristics Probiotics group (n = 118) Control group (n = 117) P value

Age (years) 50.2 ± 18.2 54.6 ± 17.9 0.527

Sex (male/female) 73/45 65/52 0.326

APACHE II score 14.7 ± 3.9 16.6 ± 4.3 0.223

Days in hospital before ICU admission 5.16 ± 3.8 4.0 ± 3.8 0.433

Admission group

  Medical 42 (35.6 %) 56 (47.9 %) 0.159

  Elective surgical 60 (50.8 %) 49 (41.9 %)

  Emergency surgical 16 (13.6 %) 12 (10.2 %)

Reason for intubation

  Respiratory disease 31 (26.2 %) 39 (33.3 %)

  Neurologic diseasea 23 (19.5 %) 16 (13.7 %)

  Trauma 18 (15.3 %) 23 (19.7 %) 0.061

  Severe sepsis/shock 16 (13.6 %) 12 (10.3 %)

  Gastrointestinal disease 10 (9.2 %) 16 (13.7 %)

  Cardiovascular disease 6 (5.1 %) 2 (1.7 %)

  Alcoholism or drug abuse 5 (4.2 %) 9 (7.7 %)

  Renal insufficiency 5 (4.2 %) 2 (1.7 %)

  Acidosis 4 (3.4 %) 0 (0 %)

Nasotracheal tube 42 (35.6 %) 51 (43.6 %) 0.210

Tracheal tube with subglottic secretions aspiration 51 (43.2 %) 58 (49.6 %) 0.329

Antibiotic use on admission 82 (69.5 %) 84 (71.8 %) 0.698

Initiation of early enteral nutrition during the study 93 (78.9 %) 98 (83.8 %) 0.331

Proton pump inhibitors during the study 115 (97.5 %) 116 (99.1 %) 0.620

Time intubated before randomization (days) 1 [IQR 0–2] 1 [IQR 0–2] 0.719
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including postoperative infections and respiratory 
infections. Here, we report the results of a multicenter, 
open-label, randomized, controlled study on the use 
of two strains of living probiotics (B. subtilis and E. 
faecalis) for the prevention of VAP. We found that 
the administration of these two viable probiotics as a 
capsule was associated with a reduction of VAP inci-
dence and a delay of VAP occurrence after tracheal 
incubation.

Five other randomized controlled clinical trials have 
also reported that probiotics therapy was associated 
with a statistically significant lower incidence of VAP 
compared with the control group, consistent with our 
results [15, 17–20]. In contrast, however, six different 
randomized controlled clinical trials [11, 21–25] have 
reported that the administration of probiotics was una-
ble to prevent the occurrence of VAP. We suggest here 
a number of possible explanations for this disparity in 
results.

First, the study population was different in each study. 
Among the five clinical trials which found that probiotics 
had a preventive effect on VAP, there are three trials which 
included multiple trauma patients and one trial which 
included pediatric patients. The results of these trials 
were consistent with those of previous studies suggesting 
that trauma, surgical and pediatric patients may benefit 
from probiotics in terms of preventing various infections 
[26–28]. The study populations in the clinical trials which 
did not demonstrate any preventive effect of probiotics on 
VAP comprised critically ill patients on mechanical ven-
tilation. Although our study also included mechanically 
ventilated ICU patients, in contrast to these other studies, 
we excluded those patients who had received mechanical 
ventilation for >72 h prior to enrollment. In addition, the 
maximum study period was 14  days. Consequently, our 

Table 2 Incidence of ventilator-associated pneumonia

Data in table are presented as the mean ± SD or as a number with/without the percentage in parenthesis, as appropriate 

VAP Venilator-acquired pneumonia, NS no significance

Primary outcome Probiotics group Control group P value

Incidence of clinically diagnosed VAP 48/118 (40.7 %) 62/117 (53.0 %) 0.059

Incidence of microbiologically confirmed VAP 43/118 (36.4 %) 59/117 (50.4 %) 0.031

  Patients with Gram‑negative VAP 27/43 (62.8 %) 35/59 (59.3 %) 0.866

  Patients with Gram‑positive VAP 7/43 (16.3 %) 13/59 (22.0 %) 0.603

  Patients with Candida VAP 1/43 (2.3 %) 2/59 (3.4 %)

 Patients with polymicrobial VAP 8/43 (18.6 %) 9/59 (15.3 %)

 Patients with late‑onset VAP 36/43 (83.7 %) 47/59 (79.7 %)

Number of pathogens isolated

 Total number of pathogens isolated 56 67 0.637

  Pseudomonas aeruginosa 13 19

  Acinetobacter baumannii 10 14

  Enterobacteriaceae 3 3

  Klebiella pneumonia 6 7

  Stenotrophomonas maltophilia 4 1

  Staphylococcus aureus 12 16

  Streptococcus species 2 4

  Candida species 2 4

Other 4 1

Time to occurrence of VAP (days) 10.4 ± 2.95 7.5 ± 2.9 0.022

Recurrent episode(s) of VAP during study period 1 0 NS
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Fig. 2 The probability of remaining ventilator‑associated pneu‑
monia‑free (VAP-free) during the study period in the probiotics and 
control groups
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Table 3 Colonization of potentially pathogenic microorganisms 

Data in table are presented as a number with/without the percentage in parenthesis

PPMOs Potentially pathogenic microorganisms

Outcomes Probiotics group (n = 118) Control group (n = 117) P value

Colonization at baseline

  Oropharynx 32/118 (27.1 %) 28/117 (23.9 %) 0.575

    Patients with Gram‑negative PPMOs 16/32 (50 %) 12/28 (42.9 %) 0.165

    Patients with Gram‑positive PPMOs 11/32 (34.4 %) 15/28 (53.6 %) 0.171

    Patients with polymicrobial PPMOs 5/32 (15.6 %) ½8 (3.5 %) 0.379

  Stomach 18/118 (15.3 %) 26/117 (22.2 %)

    Patients with Gram‑negative PPMOs 9/18 (50.0 %) 15/26 (57.7 %)

    Patients with Gram‑positive PPMOs 4/18 (22.2 %) 8/26 (30.8 %)

    Patients with polymicrobial PPMOs 5/18 (27.8 %) 3/26 (11.5 %)

Eradication of colonization

  Oropharynx 15/32 (46.9 %) 9/28 (32.1 %) 0.245

    Patients with Gram‑negative PPMOs 11/15 (73.3 %) 6/9 (66.7 %) NS

    Patients with Gram‑positive PPMOs 4/15 (26.7 %) 3/9 (33.3 %) 0.756

    Patients with polymicrobial PPMOs 0 0 NS

  Stomach 5/18 (27.8 %) 5/26 (19.2 %)

    Patients with Gram‑negative PPMOs 3/5 (60.0 %) 4/5 (80.0 %)

    Patients with Gram‑positive PPMOs 2/5 (40.0 %) 1/5 (20.0 %)

    Patients with polymicrobial PPMOs 0 0

Acquisition of colonization

  Oropharynx 38/86 (44.2 %) 47/89 (52.8 %) 0.254

    Patients with Gram‑negative PPMOs 24/38 (63.2 %) 32/47 (68.1 %) NS

    Patients with Gram‑positive PPMOs 9/38 (23.7 %) 8/47 (17.0 %) 0.004

    Patients with polymicrobial PPMOs 5/38 (13.1 %) 7/47 (14.9 %) NS

  Stomach 24/100 (24.0 %) 40/91 (44.0 %)

    Patients with Gram‑negative PPMOs 16/24 (66.7 %) 23/40 (57.5 %)

    Patients with Ggram‑positive PPMOs 7/24 (29.2 %) 10/40 (40.0 %)

    Patients with polymicrobial PPMOs 1/24 (4.1 %) 7/40 (17.5 %)

Table 4 Secondary endpoints of the study

Data in table are presented as the mean ± SD, a number with the percentage in parenthesis or as the median with the IQR in square brackets, as appropriate
a Including vancomycin and teicoplanin

Outcomes Probiotics group Control group P value

Days studied 14 [IQR 7–14] 12 [IQR 13–14] 0.140

Days ventilated 12 [IQR 7–20] 17 [IQR 13–28] 0.121

Days of antibiotics prescribed for VAP 6.8 ± 2.0 7.94 ± 2.9 0.132

Days of antibiotics‑free at day 28 9.3 ± 1.7 12.1 ± 2.3 0.332

Days of carbapenem‑free at day 28 20 [IQR 17–28] 22 [IQR 20–28] 0.168

Days of glycopeptidea or linezolid‑free at day 28 14 [IQR 11–28] 28 [IQR 13–28] 0.080

Days in ICU 18 [IQR 14–32] 22 [IQR 11–56] 0.464

Days in hospital after ICU admission 13.5 ± 12.4 10.6 ± 10.2 0.518

Mortality

  ICU 15/118 (12.7 %) 9/117 (7.7 %) 0.207

  Hospital 11/103 (10.7 %) 16/108 (14.8 %) 0.369
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study population did not comprise ICU patients with pro-
longed mechanical ventilation which has been defined as 
a period of ≥21 days [29].

Secondly, a variety of definitions have been proposed 
to identify  VAP and, consequently, the diagnostic crite-
ria of VAP varied dramatically among all of the above-
mentioned clinical trials. Vincent et al. reported that the 
incidence of VAP ranged from 4 to 42  % depending on 
which of six different diagnostic criteria they applied and 
that the delay before a diagnosis of VAP increased from 
4 to 8  days with increasingly stringent criteria [30]. The 
incidence of VAP diagnosed with the same microbiologi-
cal criteria as used in our study was 47  %, as previously 
reported [31], which is consistent with our results (50.4 % 
in the control group). A different meta-analysis with the 
aim to explore the potential benefits of probiotics on VAP 
prevention demonstrated that the pooled relative risk was 
higher when the clinical diagnostic criteria of VAP were 
used than when there was a microbiologically confirmed 
diagnosis [32]. Therefore, it is reasonable to assume that 
the different diagnostic criteria of VAP adopted in these 
different trials may have influenced the final results.

Thirdly, it should be realized that the clinical trials con-
ducted to date have used different (combinations of ) pro-
biotic strains, dosing and administration route. There is a 
growing body of evidence in support of different strains 
of probiotics being able to exert their beneficial effects by 
multiple mechanisms and that the effects may vary with 
strain and study population. Previous studies which have 
proven the beneficial effect of probiotics on VAP preven-
tion used a synbiotic formulation (Synbiotic 2000 Forte; 
prebiotic and probiotic combinations) or L. rhamnosus 
GG, but as these probiotic strains are not widely com-
mercially available in China, we chose the widely used 
probiotics capsule Medilac-S. Furthermore, we chose two 
strains of living probiotics—and not a single probiotic 
strain—because probiotics exert their beneficial effect on 
multifactorial diseases, with a variety of probiotic prop-
erties, and such properties may be strain-specific [33]. 
When administered as a combination of strains, probiot-
ics may complement each other and thus have synergistic 
probiotic effects.

Fourth, the design and sample size of these clinical tri-
als varied widely. Only six trials were double-blind, and 
most were single-center. Among the clinical trials con-
ducted to date which have found that probiotics could 
prevent VAP, our study is the only one with a sample size 
of  >200 patients. However, there are three studies with 
a sample size of >200 patients among the clinical trials 
which found that probiotics could not prevent VAP. It is 
possible that the sample size could have influenced the 
observed incidence of VAP in the above-mentioned stud-
ies on VAP prevention, as has been reported [34].

The potential mechanisms by which probiotics therapy 
exerts its preventative effect on VAP are based on the 
possibility that probiotics are able to re-establish the nor-
mal balance of gastrointestinal microflora during medi-
cal interventions in critically ill patients. In our clinical 
trial, there was decreased acquisition of PPMO coloniza-
tion in the stomach—but not in the oropharynx—in the 
probiotics group as compared with the control group. 
Furthermore, there was no significant difference between 
the probiotics and control groups with regards to the 
eradication of colonization by PPMOs in the stomach or 
the oropharynx. These data indicate that the probiotics 
administered to our patients were able to prevent gas-
tric colonization by PPMOs, but they could not eradi-
cate the colonization of gastric PPMOs in mechanically 
ventilated ICU patients. Consistent with our study, Jain 
and colleagues demonstrated in a randomized, placebo-
controlled study that compared with the controls, septic 
patients treated with synbiotic preparations (Lactoba-
cillus acidophilus, Bifidobacterium lactis, Streptococcus 
thermophilus and Lactobacillus bulgaricus with oligof-
ructose) had a significantly lower incidence of PPMOs 
(43 vs. 75  %; P =  0.05) and multiple organisms (39 vs. 
75 %; P = 0.01) in their nasogastric aspirates [35]. Mor-
row et  al. [15] also showed that the administration of 
the probiotic Lactobacillus rhamnosus GG to critically 
ill patients at high risk of developing VAP significantly 
reduced the rates of gastric colonization with pathogenic 
species than placebo.

One interesting finding of our study was that although 
the probiotics therapy was associated with a reduced 
incidence of VAP and a delayed occurrence of VAP, there 
were no significant differences between the two groups 
in terms of mortality, duration of mechanical ventilation 
and antibiotic consumption, a result which is consistent 
with previously reported data [18, 19]. Many other evolv-
ing factors other than VAP, such as organ failure, may 
contribute to the death of critically ill patients. A pos-
sible explanation of our finding is that mortality attrib-
utable to VAP is likely to be much lower than initially 
believed, as suggested by Bekaert et  al. [36] who reap-
praised attributable mortality of VAP and found that 
only 4.4  % of the deaths at 30  days and 5.9  % of those 
at 60 days could be attributable to VAP. Similarly, other 
complications which develop during the ICU stay, such 
as muscle weakness, pressure ulcer, pulmonary embolism 
and hyperactive delirium, also increase the duration of 
mechanical ventilation [37]. In our study, the incidence 
of clinically diagnosed VAP was comparable in the two 
groups (P = 0.059), and the physicians initiated antibiotic 
treatment for VAP and stopped antibiotic use accord-
ing to the clinical signs—but not microbiological data. 
So although probiotics was associated with the reduced 
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incidence of VAP, the consumption of antibiotics for VAP 
did not decrease accordingly. The preventive effect of 
probiotics on other types of nosocomial infections, such 
as urinary tract infection and (catheter-related) blood-
stream infection, among others, is beyond the scope of 
our study and may explain why broad-spectrum anti-
microbial use did not decrease accordingly. However, 
although the probiotics therapy did not improve the 
outcomes of the ICU patients, it does not mean that the 
prevention of VAP should be abandoned. According to 
Bekaert et al. [36], about 1 in 20 deaths in ICU might be 
avoided if all development of VAP could be prevented. 
Since VAP is largely preventable, any effort to prevent 
VAP remains worthwhile.

Several limitations to our study must be addressed. 
First, this study was an open-label study, which may affect 
a patient’s outcome and the investigators’ management. 
However, the clinical diagnosis of VAP was evaluated and 
agreed upon by two of the authors, and other outcomes 
collected, such as bacteria culture results, length of stay, 
etc., were objective data; both factors could minimize the 
observer bias. Secondly, we excluded those patients with 
mechanical ventilation for >72  h before enrollment and 
the maximum of the study period was 14 days; as such, 
the study population comprised patients with non-pro-
longed mechanical ventilation, and the results can not 
be generalized to the general ICU ventilated population. 
Thirdly, we did not use quantitative cultures with invasive 
samples as the microbiological VAP criteria for the fol-
lowing reasons: (1) semi-quantitative cultures correlate 
well with quantitative cultures for VAP diagnosis [38]; (2) 
quantitative cultures with invasive samples are associated 
with a number of limitations, such as low reproducibility 
[39]; (3) invasive samples taken by bronchoscopy may be 
subject to operator- and/or center-dependent variabil-
ity which may affect the results; (4) there is no evidence 
that the use of quantitative cultures or invasive methods 
could improve the outcomes in patients with  VAP [40]. 
Fourthly, this study was designed as a pilot trial and the 
sample size was relatively small. Further well-designed 
studies with large sample size will be needed to evaluate 
the preventive effect of probiotics on occurrence of VAP.

Conclusions
Our data suggest that treatment with a combination of 
live probiotics (B. subtilis and E. faecalis) is effective and 
safe in terms of preventing VAP in ICU patients with 
non-prolonged mechanical ventilation. The underly-
ing mechanism involves prevention of the acquisition of 
PPMO colonization in the stomach. The data from this 
study justifies further study of probiotics for the preven-
tion of VAP and its effect on gastrointestinal colonization 
of PPMOs.
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