
Abstract
Background. According to reports, ventilator-associated pneumonia affects critically ill patients more 
frequently than any other nosocomial infection. Probiotic usage as a prophylactic intervention has shown 
promising results in numerous studies.

Objectives. We performed a meta-analysis to evaluate the effect of probiotics on different parameters 
in critically ill ventilated subjects.

Materials and methods. A systematic literature search up to June 2022 was performed and 5893 critically 
ill ventilated subjects at the baseline of the studies were identified; 2912 of them were using the probiotics, and 
there were 2981 controls. Odds ratio (OR) and mean difference (MD) with 95% confidence interval (95% CI) 
were calculated to assess the effect of probiotics on different parameters in critically ill ventilated subjects 
using the dichotomous and contentious methods with a random or fixed effects model.

Results. The probiotics caused a significantly lower incidence of ventilator-associated pneumonia (OR = 0.52; 
95% CI: 0.40–0.68, p < 0.001), shorter duration of mechanical ventilation (MD = −2.22; 95% CI: −3.33–
−1.11, p < 0.001), shorter intensive care unit (ICU) stay (MD = −2.09; 95% CI: −3.41–−0.77, p = 0.002), 
shorter hospital stay (MD = −2.36; 95% CI: −4.54–−0.19, p = 0.03), and lower oropharyngeal colonization 
(OR = 0.59; 95% CI: 0.36–0.96, p = 0.03) in critically ill ventilated subjects compared with controls. However, 
probiotic use had no significant difference in terms of diarrhea incidence (OR = 0.74; 95% CI: 0.52–1.07, 
p = 0.11) and in-hospital mortality (OR = 0.90; 95% CI: 0.79–1.03, p = 0.14) in critically ill ventilated 
subjects compared with controls.

Conclusions. Probiotics caused a significantly lower ventilator-associated pneumonia incidence, shorter 
duration of mechanical ventilation, shorter ICU and hospital stay, and lower oropharyngeal colonization. How-
ever, there was no significant difference in terms of diarrhea incidence and in-hospital mortality in subjects 
who used probiotics compared with controls. The low sample size of 9 out of 27 researches and the small 
number of studies in several comparisons requires attention when analyzing the results.
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Introduction

According to reports, ventilator-related pneumonia af-
fects critically ill subjects more frequently than any other 
nosocomial infection,1 with a frequency of 2–16 sessions 
per 1000 ventilator days.2 Ventilator-related pneumonia 
is said to be the most common cause of mortality among 
nosocomial infections.3 Although the pathophysiology 
of ventilator-related pneumonia is extremely complex, 
pathogenic bacterial colonization of  the aerodigestive 
tract and bacterial translocation are the main contribut-
ing factors of the disease.4 Several trials and investiga-
tions have been conducted to determine the most effec-
tive pharmacological preventative techniques, including 
the use of probiotics or antibiotics for specific gastro-
intestinal or oral disinfection. Numerous studies have 
revealed that using probiotics as a preventative measure 
offers promising outcomes5; however, antibiotic resistance 
and price have been connected to the use of antibiotics for 
specific gastrointestinal or oral disinfection, respectively.6 
Probiotics are living, nonpathogenic microorganisms that 
have been demonstrated to decrease bacterial translo-
cation by promoting mucosal immunity and regulating 
the release of pro-inflammatory cytokines.4 They pre-
vent the growth of pathogenic bacteria through a number 
of ways, such as the production of different chemicals, e.g., 
organic acid, hydrogen peroxide and bacteriocins, compe-
tition for nutrients, prevention of pathogen attachment, 
and inhibition of the effect of microbial toxins. Probiotics 
similarly contribute to maintaining the mucosal protec-
tive barrier by stimulating the formation of the normal 
epithelium.7 Prebiotics are indigestible sugars that pro-
mote the development of particular bacterial colonies 
through synbiotics that are a concoction of probiotics 
and prebiotics.8 In recent years, numerous randomized 
controlled trials (RCTs) have been carried out to assess 
the efficacy of probiotics in the inhibition of ventilator-
related pneumonia, due to their promising nature in criti-
cally ill subjects. Latest meta-analyses demonstrated 
the effectiveness of probiotics in reducing the incidence 
of ventilator-related pneumonia.1,4 However, it is worth 
noting that some of the trials included in the study were 
of poor quality.

Objectives

The goal of the study was to assess the impact of pro-
biotic use on the incidence of ventilator-related pneumo-
nia, length of hospital stay, length of stay in an intensive 
care unit (ICU), duration of mechanical ventilation, inci-
dence of diarrhea, frequency of oropharyngeal coloniza-
tion, and in-hospital mortality in critically ill ventilated 
subjects.

Materials and methods

Eligibility criteria

Studies included in the analysis evaluated the impact 
of probiotics on different parameters in critically ill ven-
tilated subjects. The  analyses regarding the  influence 
of the probiotics compared with controls were summarized.9

All studies involved humans as participants. Inclusion 
was unaffected by language or study size. Review articles, 
comments and research that failed to provide a measure 
of an association were all eliminated from the list of an-
alyzed publications. Figure 1 depicts the  entire course 
of the study. The inclusion criteria were as follows:

1. The research was either prospective, observational, 
retrospective, or a controlled trial.

2. The intended subjects were critically ill ventilated 
individuals.

3. The intervention regimen relied on probiotics.
4. The study compared probiotic use with controls.
The exclusion criteria were: 1) studies that did not exam-

ine the influence of probiotics compared to controls in criti-
cally ill ventilated subjects, 2) research on subjects treated 
without probiotics or  controls, and 3)  studies without 
the emphasis on the significance of comparison outcomes.

Search strategy

According to the PICOS concept,10 a protocol of search 
strategy was created and defined as follows: P (population) 
– critically ill ventilated subjects; I (intervention/exposure) 
– probiotics; C (comparison) – probiotic use compared 
with controls; O (outcome) – ventilator-related pneumonia 
incidence, mechanical-ventilation period, length of ICU 
stay, length of hospital stay, oropharyngeal colonization, 
diarrhea incidence, and in-hospital mortality; S (study de-
sign) – no restrictions.11

Fig. 1. Flowchart of the study process
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First, using the arrangement of key words and corre-
lated terms presented in Table 1, we conducted a thorough 
search of the OVID, Embase, Cochrane Library, PubMed, 
and Google Scholar databases for studies published until 
June 2022. All found papers were listed in an EndNote file 
(EndNote; Clarivate Analytics, London, UK), duplicates 
were removed, and the titles and abstracts were examined 
in order to exclude studies that did not show a relationship 
between probiotics and controls in critically ill ventilated 
people.

Data collection process

The data were gathered using the following criteria: last 
name of the first author, study period, publication year, 
country or region where the study was performed, popula-
tion type, clinical and management characteristics, quali-
tative and quantitative technique of assessment, informa-
tion source, results assessment, and statistical analysis.12

Data items

When there were various results from a single study, 
data were collected independently, based on the evalua-
tion of the impact of complications of probiotics compared 
to controls in critically ill ventilated subjects.

Study risk of bias assessment

Two authors independently assessed the methods used 
in chosen publications in order to determine the likeli-
hood of bias in each study. The methodological quality was 

evaluated using the “risk of bias instrument” from the Co-
chrane Handbook for Systematic Reviews of Interventions 
v. 5.1.0.13

In  terms of  the  assessment criteria, each study was 
rated and assigned to one of the 3 risk of bias levels: low 
– if all quality criteria were met; moderate – if one or more 
of the quality criteria were partially met or unclear; or high 
– if one or more of the criteria were not met or not in-
cluded. Any inconsistencies were addressed after a re-
evaluation of the original article.

Effect measures

Sensitivity studies were only performed on research that 
reported and examined the influence of the probiotics com-
pared with controls. Other comparisons between probiotics 
and controls were used for sensitivity and subclass analysis.

Statistical analyses

Odds ratio (OR) and mean difference (MD) with a 95% 
confidence interval (95% CI) were calculated using a ran-
dom or fixed effects model with dichotomous and con-
tentious methods. The heterogeneity (I2) index was cal-
culated, with a range of 0–100%. No, low, moderate, and 
high heterogeneity were indicated by values around 0%, 
25%, 50%, and 75%, respectively.14 When I2 was higher 
than 50%, the random effects model was selected, and 
when it was lower than 50%, the fixed effects model was 
selected. The subclass analysis was completed by strati-
fying the first evaluation based on the previously speci-
fied outcome categories. The value of p < 0.05 was used 
in the analysis to indicate statistical significance for dif-
ferences across subcategories.

Reporting the assessment of bias

Using the Egger’s regression test and funnel plots show-
ing the logarithm of ORs compared to their standard er-
rors, the publication bias was evaluated both intuitively 
and quantitatively (the publication bias was considered 
present when p ≥ 0.05).10

Certainty assessment

All p-values were calculated using two-tailed tests. 
The statistical analysis was conducted and the graphs were 
obtained using Review Manager v. 5.3 (The Cochrane Col-
laboration, Copenhagen, Denmark).

Results

A total of 27 articles published between 2006 and 2022 
that matched the  inclusion criteria were chosen from 
a total of 1765 evaluated studies.6,15–40 Table 2 displays 

Table 1. Search strategy for each database

Database Search strategy

PubMed

#1	“critically ill ventilated adult” [MeSH terms] OR “probiotic” 
[all fields] OR “length of hospital stay” [all fields] OR 
“diarrhea” [all fields]

#2	“oro-pharyngeal colonization” [MeSH terms] OR “critically 
ill ventilated adult” [all fields] OR “length of hospital stay” 
[all fields] OR “ventilator-related pneumonia” [all fields] 
OR “in-hospital mortality” [all fields]

#3	#1 AND #2

Embase

#1	“critically ill ventilated adult”/exp OR “probiotic”/exp OR 
“length of hospital stay”/exp OR “diarrhea”

#2	“oro-pharyngeal colonization”/exp OR “length 
of hospital stay”/exp OR “ventilator-related pneumonia”/
exp OR “in-hospital mortality”

#3	#1 AND #2

Cochrane 
Library

#1	“critically ill ventilated adult”: ti,ab,kw OR “probiotic”: 
ti,ab,kw OR “length of hospital stay”: ti,ab,kw (word 
variations have been searched)

#2	“diarrhea”: ti,ab,kw OR “oro-pharyngeal colonization”: 
ti,ab,kw OR “length of hospital stay”: ti,ab,kw OR 
“ventilator-related pneumonia”: ti,ab,kw OR “in-hospital 
mortality”: ti,ab,kw (word variations have been searched)

#3	#1 AND #2

MeSH – medical subject headings; ti,ab,kw – terms in either title 
or abstract or keyword fields; exp – exploded indexing term.
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the  data from these publications. The  chosen stud-
ies comprised 5893 critically ill ventilated participants 
in the trials’ baseline; 2912 of them were using probiot-
ics and there were 2981 controls. At the commencement 
of the trials, there were between 35 and 2650 individuals 
under study in total. Twenty-five studies presented data 
grouped according to the incidence of ventilator-related 
pneumonia, 16 studies presented data grouped accord-
ing to the mechanical ventilation period, 17 according 
to the length of ICU stay, 8 according to the length of hos-
pital stay, 5 according to oropharyngeal colonization rate, 
6 according to diarrhea incidence, and 15 according to in-
hospital mortality.

The  probiotic use resulted in  a  significantly lower 
ventilator-related pneumonia incidence (OR  =  0.52; 
95% CI: 0.40–0.68, p < 0.00001) with moderate hetero-
geneity (I2 = 65%), shorter mechanical ventilation period 
(MD = −2.22; 95% CI: −3.33–−1.11, p < 0.00001) with high 
heterogeneity (I2 = 92%), shorter ICU stay (MD = −2.09; 
95% CI: −3.41–−0.77, p = 0.002) with high heterogene-
ity (I2 = 89%), shorter hospital stay (MD = −2.36; 95% CI: 

−4.54–−0.19, p = 0.03) with high heterogeneity (I2 = 83%), 
and lower rate of oropharyngeal colonization (OR = 0.59; 
95% CI: 0.36−0.96, p = 0.03) with moderate heterogeneity 
(I2 = 63%) in critically ill ventilated subjects compared with 
controls (Fig. 2–6).

However, probiotics caused no significant difference 
in terms of diarrhea incidence (OR = 0.74; 95% CI: 0.52–
1.07, p = 0.11) with low heterogeneity (I2 = 45%), and in-
hospital mortality (OR = 0.90; 95% CI: 0.79–1.03, p = 0.14) 
with no heterogeneity (I2 = 0%) in critically ill ventilated 
subjects compared with controls (Fig. 7,8).

Due to the lack of available data on certain factors, such 
as gender, age and ethnicity, stratified models could not be 
used to investigate their impact on comparison outcomes. 
The visual assessment of the funnel plot and quantitative 
measurements using the Egger’s regression test revealed no 
evidence of publication bias, as shown in Supplementary 
Fig. 1–7. However, it was shown that the majority of the in-
cluded RCTs had poor methodological quality, no bias 
in selective reporting and only minimal outcome data, 
as shown in Fig. 9.

Table 2. Characteristics of the selected studies for the meta-analysis

Study, year Country Total Probiotic Controls

Kotzampassi et al., 200615 Greece 65 35 30

Spindler-Vesel et al., 200716 Slovenia 113 26 87

Forestier et al., 200817 France 202 99 103

Knight et al., 200918 UK 259 130 129

Giamarellos-Bourboulis et al., 200919 Greece 72 36 36

Morrow et al., 20106 USA 138 68 70

Barraud et al., 201020 France 149 78 71

Oudhuis et al., 201121 Netherlands 248 129 119

Tan et al., 201122 China 35 16 19

Li et al., 201223 China 165 82 83

Banupriya et al., 201524 India 142 70 72

Rongrungruang et al., 201525 Thailand 150 75 75

Malik et al., 201626 Malaysia 49 24 25

Zeng et al., 201627 China 235 118 117

Amiri, 201628 Iran 60 30 30

Shimizu et al., 201829 Japan 72 35 37

Angurana et al., 201830 India 100 50 50

Kooshki et al., 201831 Iran 80 40 40

Klarin et al., 201832 Sweden 137 69 68

Anandaraj et al., 201933 India 146 72 74

Mahmoodpoor et al., 201934 Iran 102 48 54

Habib et al., 202035 Egypt 65 32 33

Nazari et al., 202036 Iran 147 73 74

Johnstone et al., 202137 Canada 2650 1318 1332

Boraey et al., 202138 Egypt 80 40 40

Tsilika et al., 202239 Greece 112 59 53

Prasoon et al., 202240 India 120 60 60

Total 5893 2912 2981
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Discussion

This meta-analysis had 5893 critically ill ventilated par-
ticipants in the trials’ baseline; 2912 of them were using pro-
biotics and there were 2981 controls.6,15–40 The probiotic use 
resulted in a significantly lower ventilator-related pneumonia 

incidence, shorter mechanical ventilation period, shorter ICU 
and hospital stay, and lower oropharyngeal colonization rate 
in critically ill ventilated subjects compared with controls. 
However, probiotics had caused no significant difference 
in diarrhea incidence and in-hospital mortality in critically 
ill ventilated subjects compared with controls.

Fig. 3. Forest plot of the influence of probiotic use compared to controls on the mechanical ventilation period outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom; SD – standard deviation.

Fig. 2. Forest plot of the influence of probiotic use compared to controls on the frequency of the ventilator-related pneumonia incidence outcomes 
in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom.
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The meta-analysis performed by Bo et al. also demon-
strated that probiotics had a favorable impact on the inci-
dence of ventilator-related pneumonia, even after studies with 
a high risk of bias were eliminated.41 Probiotic use was related 
to a statistically significant decline in the incidence of ven-
tilator-related pneumonia and a decrease in the duration 

of antibiotic treatment, according to the latest meta-analysis 
by Song et al.42 Our meta-analysis has shown that administer-
ing probiotics significantly lowers the risk of ventilator-related 
pneumonia occurrence, shortens the duration of mechani-
cal ventilation and the time spent in the ICU, and reduces 
in-hospital mortality when compared to using a placebo. 

Fig. 6. Forest plot of the influence of probiotic use compared to controls on the oropharyngeal colonization outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 5. Forest plot of the influence of probiotic use compared to controls on the length of hospital stay outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom; SD – standard deviation.

Fig. 4. Forest plot of the influence of probiotic use compared to controls on the length of intensive care unit stay outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom; SD – standard deviation.
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According to  previous meta-analyses,42–48 the  incidence 
of ventilator-related pneumonia decreased after the probiotic 
treatment. The incidence of ventilator-related pneumonia did 
not, however, statistically significantly decline after probiotic 
delivery, according to 2 meta-analyses by Gu et al.49 and Wang 
et al.50 In our meta-analysis, there was no statistically signifi-
cant reduction in diarrhea incidence or in-hospital mortality. 
However, our investigation found a statistically significant 
decrease in the incidence of ventilator-related pneumonia, 
length of the ICU stay and mechanical-ventilation period 
that was not described in prior meta-analyses.42–48 Accord-
ing to the meta-analysis by Siempos et al. published in 2010, 
the Pseudomonas aeruginosa colonization of the respira-
tory tract and the length of the ICU stay decreased follow-
ing the probiotic administration.51 Probiotic administration 
was shown to shorten the ICU stay, as described by Gu et al.52 
However, the study by Siempos et al.51 is outdated, and sev-
eral new RCTs have since been published. The meta-analysis 
by Gu et al. included 2 papers only, which is a statistically 
insignificant quantity to describe the length of ICU stay.52 

The RCTs included in the present met-analysis employed 
varying definitions of ventilator-related pneumonia. Two 
ventilator-related pneumonia rates (one for microbiological 
and one for clinical cases) were provided in 2 of the RCTs.6,27 
For our meta-analysis, we chose the microbiological definition 
of ventilator-related pneumonia because it has been adopted 
by the majority of authors in different RCTs and meta-anal-
yses. Since we relied on the stated definitions and since there 
is no standard definition provided in the RCTs, the ventilator-
related pneumonia definition is a significant drawback to our 
meta-analysis. To precisely assess the impact of probiotics 
on ventilator-related pneumonia incidence, a sizable multi-
center RCT with a standardized objective definition of a ven-
tilator-related incident is required. According to Centers for 
Disease Control and Prevention (CDC), a ventilator-related 
incident happens when the subject’s oxygenation declines 
after a period of stability or improvement. The colonization 
rate on day 7 of the ICU stay was chosen to calculate the fre-
quency of oropharyngeal colonization. The majority of studies 
defined diarrhea as 3 or more liquid stools per day.6,20,34

Fig. 8. Forest plot of the influence of probiotic use compared to controls on the in-hospital mortality outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom.

Fig. 7. Forest plot of the influence of probiotic use compared to controls on the diarrhea incidence outcomes in critically ill ventilated subjects

95% CI – 95% confidence interval; df – degrees of freedom.
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This meta-analysis had few restrictions. First, there were 
differences in the probiotics’ type, dosage and manner 
of delivery throughout RCTs. In a few studies, the length 
of the treatment was too brief to provide any conclusive 
data. Second, various definitions of  ventilator-related 
pneumonia were used in the RCTs, including a subjec-
tive component. Although the  most recent definition 
of a ventilator-related event from the CDC is more objec-
tive, none of the published RCTs on probiotics have ap-
plied it. The effects of probiotics on 2 additional clinically 
significant endpoints – the duration of antibiotic treat-
ment and antibiotic use – is due to variable and sparse 
reporting of the aforementioned endpoints across trials. 
Next, immunocompromised subjects were not included 
in the RCTs that were part of the meta-analysis. There-
fore, it is impossible to determine how probiotics are used 
by this particular subject population. Furthermore, no 
study found any negative consequences of probiotic use. 
The use of probiotics (best type, dose and method of ad-
ministration) for ventilator-related pneumonia in an im-
munocompromised subject population is therefore in need 
of a large, multicenter RCT that would additionally assess 
the potential negative effects of probiotics.

This meta-analysis demonstrated how probiotics af-
fect critically ill ventilated subjects.53–60 Further research 
is  still required to clarify these potential connections 
as well as to assess the impact of probiotics on the out-
comes under investigation. Larger, more homogeneous 
samples are required for such research. This was also 
mentioned in a previous study that employed a similar 
meta-analysis technique and found comparable favorable 
outcomes for probiotic benefits.42–48 Because our meta-
analysis was unable to determine whether the differences 
in gender, age and ethnicity are related to the outcomes, 
meticuolously conducted RCTs are required to evaluate 
these factors as well as the combination of different gen-
der, age, ethnicities, and other variants.

Limitations

There may have been a  selection bias since several 
papers identified through the database search were ex-
cluded. However, the omitted publications did not adhere 
to the inclusion criteria. Nine out of 27 papers that were 
selected had sample size <100. Furthermore, we were un-
able to ascertain whether age and ethnicity had an impact 
on the results. The purpose of this study was to com-
pare the effects of probiotics compared to the controls 
in critically ill ventilated patients. Data from prior studies 
were used, which may have introduced bias due to miss-
ing or  incorrect information. The subjects’ nutritional 
states as well as the characteristics of age, sex and gender 
were all potential sources of bias. There may be some 
unpublished articles and missing data that could skew 
the results.

Fig. 9. Risk of bias assessment
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Conclusions

Critically ill ventilated participants treated with probiot-
ics had significantly reduced incidence of ventilator-related 
pneumonia, shorter duration of mechanical ventilation, 
shorter ICU and stay, and decreased oropharyngeal colo-
nization rate. Patients who were administed probiotics did 
not significantly differ from controls in terms of diarrhea 
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individuals. Analyzing the results requires caution due 
to the small sample size of 9 out of 27 studies included 
in the meta-analysis and the lack of studies in numerous 
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Availability of data

The corresponding author agrees to make the meta-
analysis database available upon reasonable request.

Supplementary materials

Supplementary figures are available at  https://doi.
org/10.5281/zenodo.7340993. The package consists of the fol-
lowing files:

Supplementary Fig. 1. Ventilator-associated pneumonia 
incidence funnel plot (Egger’s test, p = 0.86).

Supplementary Fig. 2. Mechanical ventilation duration 
funnel plot (Egger’s test, p = 0.84).

Supplementary Fig. 3. Length of ICU stay funnel plot 
(Egger’s test, p = 0.86).

Supplementary Fig. 4. Length of hospital stay funnel plot 
(Egger’s test, p = 0.85).

Supplementary Fig. 5. Oropharyngeal colonization fun-
nel plot (Egger’s test, p = 0.91).

Supplementary Fig. 6. Diarrhea incidence funnel plot 
(Egger’s test, p = 0.87).

Supplementary Fig. 7. In-hospital mortality funnel plot 
(Egger’s test, p = 0.92).

ORCID iDs
Yao Teng  https://orcid.org/0000-0001-7548-1361

References
1.	 Timsit JF, Esaied W, Neuville M, Bouadma L, Mourvillier B. Update on 

ventilator-associated pneumonia. F1000Res. 2017;6:2061. doi:10.12688 
/f1000research.12222.1

2.	 Rosenthal VD, Bijie H, Maki DG, et al. International Nosocomial 
Infection Control Consortium (INICC) report, data summary of 36 
countries, for 2004–2009. Am J Infect Control. 2012;40(5):396–407. 
doi:10.1016/j.ajic.2011.05.020

3.	 Warren DK, Shukla SJ, Olsen MA, et al. Outcome and attributable 
cost of ventilator-associated pneumonia among intensive care unit 
patients in a suburban medical center. Crit Care Med. 2003;31(5): 
1312–1317. doi:10.1097/01.CCM.0000063087.93157.06

4.	 Torres A, Niederman MS, Chastre J, et al. International ERS/ESICM/
ESCMID/ALAT guidelines for the management of hospital-acquired 
pneumonia and ventilator-associated pneumonia: Guidelines for 
the management of hospital-acquired pneumonia (HAP)/ventilator-
associated pneumonia (VAP) of the European Respiratory Society 

https://doi.org/10.5281/zenodo.7340993
https://doi.org/10.5281/zenodo.7340993


B. Wang, J. Xie, Y. Teng. Probiotics in critically ill ventilated642

24.	 Banupriya B, Biswal N, Srinivasaraghavan R, Narayanan P, Mandal J.  
Probiotic prophylaxis to prevent ventilator associated pneumonia 
(VAP) in children on mechanical ventilation: An open-label random-
ized controlled trial. Intensive Care Med. 2015;41(4):677–685. doi:10.1007 
/s00134-015-3694-4

25.	 Rongrungruang Y, Krajangwittaya D, Pholtawornkulchai K, Tiengrim S,  
Thamlikitkul V. Randomized controlled study of probiotics con-
taining Lactobacillus casei (Shirota strain) for prevention of venti-
lator-associated pneumonia. J Med Assoc Thai. 2015;98(3):253–259. 
PMID:25920295.

26.	 Malik AA, Rajandram R, Tah PC, Hakumat-Rai VR, Chin KF. Microbial  
cell preparation in enteral feeding in critically ill patients: A ran-
domized, double-blind, placebo-controlled clinical trial. J Crit Care. 
2016;32:182–188. doi:10.1016/j.jcrc.2015.12.008

27.	 Zeng J, Wang CT, Zhang FS, et al. Effect of probiotics on the inci-
dence of ventilator-associated pneumonia in critically ill patients: 
A randomized controlled multicenter trial. Intensive Care Med. 2016; 
42(6):1018–1028. doi:10.1007/s00134-016-4303-x

28.	 Amiri M, Rafeie M, Probiotic effects in  prevention from ventila-
tor-associated pneumonia. Koomesh. 2016;17(4):803–813. http://
koomeshjournal.semums.ac.ir/article-1-2707-en.html. Accessed 
August 16, 2022.

29.	 Shimizu K, Yamada T, Ogura H, et al. Synbiotics modulate gut micro-
biota and reduce enteritis and ventilator-associated pneumonia 
in patients with sepsis: A randomized controlled trial. Crit Care. 2018; 
22(1):239. doi:10.1186/s13054-018-2167-x

30.	 Angurana SK, Bansal A, Singhi S, et al. Evaluation of effect of pro-
biotics on cytokine levels in critically ill children with severe sepsis: 
A double-blind, placebo-controlled trial. Crit Care Med. 2018;46(10): 
1656–1664. doi:10.1097/CCM.0000000000003279

31.	 Kooshki A, Khazaei Z, Zarghi A, Rad M, Tabaraie Y. Prebiotic prophy-
laxis of ventilator-associated pneumonia: A randomized clinical trial. 
Biomed Res Ther. 2018;5(5):2287–2295. doi:10.15419/bmrat.v5i5.442

32.	 Klarin B, Adolfsson A, Torstensson A, Larsson A. Can probiotics 
be an alternative to chlorhexidine for oral care in the mechani-
cally ventilated patient? A multicentre, prospective, randomised 
controlled open trial. Crit Care. 2018;22(1):272. doi:10.1186/s13054- 
018-2209-4

33.	 Anandaraj AM, Pichamuthu KK, Hansdak SG, et al. A randomised con-
trolled trial of Lactobacillus in the prevention of ventilator associat-
ed pneumonia. J Clin Diagn Res. 2019;13(8):OC21–OC24. doi:10.7860/
JCDR/2019/42325.13084

34.	 Mahmoodpoor A, Hamishehkar H, Asghari R, Abri R, Shadvar K, 
Sanaie S. Effect of a probiotic preparation on ventilator-associat-
ed pneumonia in critically ill patients admitted to the intensive 
care unit: A prospective double-blind randomized controlled trial.  
Nutr Clin Pract. 2019;34(1):156–162. doi:10.1002/ncp.10191

35.	 Habib T, Kassem AB, Ahmed I. Early probiotics in preventing ventilator-
associated pneumonia after multiple trauma. Asian J Pharm Clin Res.  
2020;13(10):83–85. doi:10.22159/ajpcr.2020.v13i10.38114

36.	 Nazari B, Amani L, Ghaderi L, Khanbabayi Gol M. Effects of probiot-
ics on prevalence of ventilator-associated pneumonia in multitrau-
ma patients hospitalized in neurosurgical intensive care unit: A ran-
domized clinical trial. Trauma Mon. 2020;25(6):262–268. doi:10.30491/
tm.2021.250469.1176

37.	 Johnstone J, Meade M, Lauzier F, et al. Effect of probiotics on incident 
ventilator-associated pneumonia in critically ill patients: A randomized 
clinical trial. JAMA. 2021;326(11):1024–1033. doi:10.1001/jama.2021.13355

38.	 Boraey N, Atiyyah TR, Ghonaim R, Deraz R, Abdulrahman D. Probiot-
ics can reduce ventilator-associated pneumonia in mechanically ven-
tilated children. Ann Romanian Soc Cell Biol. 2021;25(6):14726–14735. 
https://annalsofrscb.ro/index.php/journal/article/view/8423/6192.

39.	 Tsilika M, Thoma G, Aidoni Z, et al. A four-probiotic preparation for 
ventilator-associated pneumonia in multi-trauma patients: Results 
of a randomized clinical trial. Int J Antimicrob Agents. 2022;59(1): 
106471. doi:10.1016/j.ijantimicag.2021.106471

40.	 Prasoon A, Singh R, Anand R, Kumar S, Singh S, Singh A. A random-
ized controlled trial to evaluate the use of probiotics in preven-
tion of ventilator-associated pneumonia in critically ill ICU patients.  
J Cardiac Crit Care. 2022;06(2):108–113. doi:10.1055/s-0042-1754161

41.	 Bo L, Li J, Tao T, et al. Probiotics for preventing ventilator-associated  
pneumonia. Cochrane Database Syst Rev. 2014;10(10):CD009066. 
doi:10.1002/14651858.CD009066.pub2

42.	 Song H, Hu W, Zhou X, et al. Clinical benefits from administering 
probiotics to mechanical ventilated patients in intensive care unit: 
A PRISMA-guided meta-analysis. Front Nutr. 2022;8:798827. doi:10. 
3389/fnut.2021.798827

43.	 Wang K, Zeng Q, Li KX, et al. Efficacy of probiotics or synbiotics for 
critically ill adult patients: A systematic review and meta-analysis 
of randomized controlled trials. Burns Trauma. 2022;10:tkac004. 
doi:10.1093/burnst/tkac004

44.	 Sharif S, Greer A, Skorupski C, et al. Probiotics in critical illness: A sys-
tematic review and meta-analysis of randomized controlled trials.  
Crit Care Med. 2022;50(8):1175–1186. doi:10.1097/CCM.0000000000005580

45.	 Ji T, Zhu X, Shang F, Zhang X. Preventive effect of probiotics on ven-
tilator-associated pneumonia: A meta-analysis of 2428 patients.  
Ann Pharmacother. 2021;55(8):949–962. doi:10.1177/1060028020983021

46.	 Zhao J, Li LQ, Chen CY, Zhang GS, Cui W, Tian BP. Do probiotics help 
prevent ventilator-associated pneumonia in critically ill patients? 
A systematic review with meta-analysis. ERJ Open Res. 2021;7(1): 
00302–02020. doi:10.1183/23120541.00302-2020

47.	 Li C, Lu F, Chen J, Ma J, Xu N. Probiotic supplementation prevents 
the development of ventilator-associated pneumonia for mechani-
cally ventilated ICU patients: A systematic review and network meta-
analysis of randomized controlled trials. Front Nutr. 2022;9:919156. 
doi:10.3389/fnut.2022.919156

48.	 Cheema HA, Shahid A, Ayyan M, et al. Probiotics for the preven-
tion of ventilator-associated pneumonia: An updated systematic 
review and meta-analysis of randomised controlled trials. Nutrients. 
2022;14(8):1600. doi:10.3390/nu14081600

49.	 Gu WJ, Wei CY, Yin RX. Lack of efficacy of probiotics in preventing 
ventilator-associated pneumonia. Chest. 2012;142(4):859–868. doi:10. 
1378/chest.12-0679

50.	 Wang J, Liu KX, Ariani F, Tao LL, Zhang J, Qu JM. Probiotics for pre-
venting ventilator-associated pneumonia: A systematic review and 
meta-analysis of high-quality randomized controlled trials. PLoS One. 
2013;8(12):e83934. doi:10.1371/journal.pone.0083934

51.	 Siempos II, Ntaidou TK, Falagas ME. Impact of the administration 
of probiotics on the incidence of ventilator-associated pneumo-
nia: A meta-analysis of randomized controlled trials. Crit Care Med. 
2010;38(3):954–962. doi:10.1097/CCM.0b013e3181c8fe4b

52.	 Gu WJ, Deng T, Gong YZ, Jing R, Liu JC. The effects of probiotics 
in early enteral nutrition on the outcomes of trauma: A meta-analy-
sis of randomized controlled trials. JPEN J Parenter Enteral Nutr. 2013; 
37(3):310–317. doi:10.1177/0148607112463245

53.	 Elgendy MO, Hassan AH, Saeed H, Abdelrahim ME, Eldin RS. Asth-
matic children and MDI verbal inhalation technique counseling.  
Pulm Pharmacol Ther. 2020;61:101900. doi:10.1016/j.pupt.2020.101900

54.	 Osama H, Abdullah A, Gamal B, et al. Effect of honey and royal jelly 
against cisplatin-induced nephrotoxicity in patients with cancer.  
J Am Coll Nutr. 2017;36(5):342–346. doi:10.1080/07315724.2017.1292157

55.	 Sayed AM, Khalaf AM, Abdelrahim MEA, Elgendy MO. Repurpos-
ing of some anti-infective drugs for COVID-19 treatment: A surveil-
lance study supported by an in silico investigation. Int J Clin Pract. 
2021;75(4):e13877. doi:10.1111/ijcp.13877

56.	 Saeed H, Elberry AA, Eldin AS, Rabea H, Abdelrahim MEA. Effect 
of nebulizer designs on aerosol delivery during non-invasive mechan-
ical ventilation: A modeling study of in vitro data. Pulm Ther. 2017; 
3(1):233–241. doi:10.1007/s41030-017-0033-7

57.	 Saeed H, Abdelrahim ME, Rabea H, Salem HF. Impact of advanced 
patient counseling using a training device and smartphone applica-
tion on asthma control. Respir Care. 2020;65(3):326–332. doi:10.4187/
respcare.06903

58.	 Madney YM, Ibrahim Laz N, Elberry AA, Rabea H, Abdelrahim MEA. 
The impact of changing patient interfaces on delivering aerosol with 
titrated oxygen in the high flow system. Int J Clin Pract. 2021;75(4): 
e13898. doi:10.1111/ijcp.13898

59.	 Hassan A, Rabea H, Hussein RRS, et al. In-vitro characterization 
of the aerosolized dose during non-invasive automatic continuous 
positive airway pressure ventilation. Pulm Ther. 2016;2(1):115–126. 
doi:10.1007/s41030-015-0010-y

60.	 Harb HS, Laz NI, Rabea H, Abdelrahim MEA. First-time handling of differ-
ent inhalers by chronic obstructive lung disease patients. Exp Lung Res.  
2020;46(7):258–269. doi:10.1080/01902148.2020.1789903

http://koomeshjournal.semums.ac.ir/article-1-2707-en.html
http://koomeshjournal.semums.ac.ir/article-1-2707-en.html
https://annalsofrscb.ro/index.php/journal/article/view/8423/6192

