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ABSTRACT: 
 
Background:	 Necrotizing	 enterocolitis	 (NEC)	 is	 a	 severe	 gastrointestinal	 disease	 affecting	 preterm	
infants	and	remains	linked	to	significant	morbidity	and	mortality.	Although	neonatal	care	has	advanced,	
effective	 preventive	 strategies	 are	 still	 limited.	 Probiotic	 supplementation	 has	 gained	 attention	 as	 a	
promising	 intervention,	 yet	uncertainty	persists	 regarding	 the	most	effective	 strains.	This	 systematic	
review	and	meta-analysis	aimed	to	assess	the	efficacy	and	safety	of	probiotics	in	preventing	NEC	and	to	
identify	 regimens	 that	 provide	 the	 greatest	 protective	 benefit.	Material	 and	Methods:	 A	 systematic	
search	of	PubMed,	EMBASE,	the	Cochrane	Library,	and	Web	of	Science	identified	randomized	controlled	
trials	evaluating	probiotics	for	NEC	prevention.	Primary	outcomes	included	NEC	incidence	(≥	Stage	II),	
all-cause	mortality,	and	late-onset	sepsis.	Random-effects	models	were	used	to	calculate	risk	ratios	with	
95%	confidence	intervals.	Subgroup	analyses	were	performed	based	on	probiotic	strains,	feeding	type,	
birth	 weight,	 and	 baseline	 NEC	 risk.	 Evidence	 quality	 was	 assessed	 using	 the	 GRADE	methodology.	
Results:	Fifty-one	trials	involving	10,664	infants	and	29	probiotic	regimens	were	included.	Probiotics	
significantly	reduced	NEC	incidence,	mortality,	and	late-onset	sepsis.	The	most	effective	regimens	were	
Bovine	 lactoferrin	 with	 Lactobacillus	 rhamnosus	 GG	 and	 Lactobacillus	 acidophilus	 LB.	 Multi-strain	
probiotics	outperformed	single-strain	 formulations.	Benefits	were	 found	 in	both	human	milk-fed	and	
formula-fed	 infants,	 and	 no	 cases	 of	 probiotic-associated	 sepsis	 were	 reported	 across	 studies.	
Conclusion:	Probiotic	supplementation	is	a	safe	and	effective	approach	to	reducing	NEC,	mortality,	and	
sepsis	in	preterm	infants.	Multi-strain	regimens,	particularly	those	containing	Lactobacillus	rhamnosus	
GG	or	Bovine	lactoferrin,	demonstrate	the	highest	efficacy	and	may	be	appropriate	for	standardized	use	
in	neonatal	care	units.	
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ABSTRACT!

Objective: To determine awareness about osteoporosis in female university students in Lahore Pakistan using 
Osteoporosis Knowledge Assessment Tool (OKAT) and to compare osteoporosis awareness among medical (MBBS) 
and non-medical students. 
 
Methodology: This descriptive cross-sectional study was carried out at Superior University Lahore from February to 
April 2024. OKAT is a validated tool to assess osteoporosis awareness and was employed in this study. Using non-
probability consecutive sampling technique, 110 medical (MBBS) female students and 110 non-medical female 
students aged 18 years and older who gave informed consent were enrolled. Students with present or past history of 
osteoporosis were excluded. Demographic information including age, discipline of study and family history of 
osteoporosis was noted. The OKAT questionnaire was distributed among the students in the form of an online Google 
form. All the data was recorded and analyzed using SPSS version 23. 
 
Results: Mean age of the participants was 21.5±4.0 years and 65 (29.5%) reported positive family history of 
osteoporosis. The mean OKAT score was 10.5±3.9 with 95 (43.2%) and 78 (35.5%) participants having average and 
acceptable knowledge about osteoporosis. Stratification of data revealed significant statistical association of 
Osteoporosis knowledge with age (p-value 0.015) and discipline of study (p-value <0.001) but not with family history 
of osteoporosis (p-value 0.229) 
Conclusion: Age and discipline of study significantly influenced osteoporosis knowledge, while family history had 
no correlation. Despite an average OKAT score of 10.5, there is considerable potential for improving overall 
osteoporosis awareness. 
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ABSTRACT 

Purpose: Omeprazole  is  one of the most commonly prescribed  of protein pump inhibitors (PPIs)  
drugs  which used widely to manage many gastric acid-related conditions such as gastro esophageal 
disease, gastritis, esophagitis, Barrett’s esophagus, Zollinger-Ellison syndrome, peptic ulcer disease, 
nonsteroidal anti-inflammatory drug-associated ulcers, and Helicobacter pylori eradication,  globally 
.Aim of study: to evaluate the adverse effects associated with the long-term use of proton pump 
inhibitors drug( omeprazole). 
 Methodology : a descriptive study for  304  participants were conducted  to fill a questionnaire   to 
evaluate the adverse effect of long term use of omeprazole, data were analyzed statistically by 
SPSSV21. 
Results: positive correlation between UTI infection and   long term use of omeprazole . 66%of people 
who used omeprazole have deficiency in vitamin D, other side effects are showed in long term use of 
omeprazole as gastritis , confusion,. 
Conclusion:   because the improper use of omeprazole as a save drug  more studies need to evaluate 
the risk of long term use of omeprazole. 
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ABSTRACT&

Purpose: This study aimed to assess bacterial contamination in cosmetic contact lenses used by women visiting beauty 
salons in Sabratha city and to evaluate the antibacterial susceptibility of the isolated bacteria.

0eWKoGs: A total of 50 used soft cosmetic contact lenses and 5 new (unused) lenses were collected in April 2023. The 
lenses were swabbed, and samples were incubated in nutrient broth for bacterial isolation, followed by streaking on 
different agar plates (nutrient agar, MacConkey agar, and blood agar). Antibiotic susceptibility was tested using the 
Kirby-Bauer disk diffusion method, with various antibiotics.

5esuOWs: The results showed that all 5 unused lenses were free from contamination, while 43 out of 50 used lenses (86%) 
exhibited microbial contamination. The most commonly isolated bacteria were Pseudomonas aeruginosa (35%), 
Staphylococcus epidermidis (25%), and Staphylococcus aureus (15%), along with other species (11%). Antibiotic 
susceptibility testing revealed that Ciprofloxacin, Cefotaxime, Ceftriaxone, and Imipenem had the highest antibacterial 
effectiveness, with inhibition zones ranging from 26 mm to 30 mm. Gentamycin, Amikacin, and Tobramycin showed 
moderate effectiveness, while Cefuroxime and Augmentin had lower effectiveness. Cloxacillin showed no antibacterial 
activity.

&oQFOusLoQs: The findings emphasize the high risk of bacterial contamination in cosmetic contact lenses, stressing the 
importance of maintaining strict hygiene practices to prevent eye infections. Proper disinfection and storage in sterile 
solutions are crucial for ensuring lens safety and longevity, while effective antibiotic treatments are necessary to control 
bacterial contamination.
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INTRODUCTION: 
Necrotizing enterocolitis (NEC) is a devastating 
gastrointestinal disease primarily affecting 
preterm infants, characterized by intestinal 
inflammation, mucosal injury, and in severe 
cases, intestinal perforation [1]. Despite advances 
in neonatal care, NEC remains a leading cause of 
morbidity and mortality in preterm infants, with 
an incidence of approximately 7% in very low 
birth weight (VLBW, <1500g) infants and 
mortality rates ranging from 20% to 30% [2]. 
Survivors often face long-term complications, 
including short bowel syndrome, growth 
failure, and neurodevelopmental impairment 
[3]. The pathogenesis of NEC is multifactorial 
and incompletely understood, but key 
contributing factors include intestinal 
immaturity, abnormal bacterial colonization, 
formula feeding, and an exaggerated 
inflammatory response [4]. The immature 
intestine of preterm infants is characterized by 
decreased barrier function, altered motility, and 
immature immune responses, making it 
particularly vulnerable to injury [5]. Abnormal 
bacterial colonization, often exacerbated by 
antibiotic exposure, cesarean delivery, and the 
neonatal intensive care unit environment, is 
believed to play a crucial role in NEC 
development [6]. Current preventive strategies 
for NEC include human milk feeding, 
standardized feeding protocols, and judicious use 
of antibiotics [7]. However, these measures have 
shown limited success in reducing NEC 
incidence, highlighting the need for additional 
preventive interventions. In recent years, probiotic 
supplementation has emerged as a promising 
strategy for NEC prevention [8]. Probiotics are 
live microorganisms that, when administered in 
adequate amounts, confer a health benefit on the 
host [9]. The proposed mechanisms by which 
probiotics may prevent NEC include competitive 
exclusion of pathogenic bacteria, enhancement of 
intestinal barrier function, modulation of the 
immune system, and production of anti-
inflammatory factors [10]. Various probiotic 
strains, including Lactobacillus, Bifidobacterium, 
and Saccharomyces species, have been studied for 
NEC prevention, with varying results [11]. 
Multiple randomized controlled trials (RCTs) and 
meta-analyses have evaluated the efficacy of 
probiotics in preventing NEC in preterm infants 
[12-14]. While most studies have reported 
beneficial effects, questions remain regarding  
 
the optimal probiotic strain or combination, 

dosage, timing, and duration of 
supplementation [15]. Additionally, concerns 
about the safety of probiotics in vulnerable 
preterm infants, particularly the risk of 
probiotic sepsis, have limited their routine use 
in some neonatal units [16]. Previous meta-
analyses have primarily focused on the overall 
effect of probiotics on NEC prevention, with 
limited analysis of specific probiotic regimens 
or patient subgroups [17]. Network meta-
analyses have attempted to compare different 
probiotic strains, but many have been limited by 
the heterogeneity of included studies and 
insufficient data on specific strains [18]. 
Furthermore, the impact of feeding type (human 
milk versus formula) on probiotic efficacy has 
not been thoroughly explored [19]. The present 
systematic review and meta-analysis aims to 
comprehensively evaluate the efficacy and safety 
of probiotic supplementation in preventing NEC 
in preterm infants, with particular focus on 
identifying the most effective probiotic regimens 
and analyzing efficacy across different patient 
subgroups. By synthesizing the latest evidence 
and applying rigorous methodology, this study 
seeks to provide clinicians with practical 
guidance on the optimal use of probiotics for 
NEC prevention in preterm infants. 
 
MATERAL AND METHOD: 
Search Strategy and Selection Criteria 
This systematic review and meta-analysis was 
conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [20]. The protocol was 
registered in the International Platform of 
Registered Systematic Review and Meta-analysis 
Protocols (INPLASY2022110001). We 
systematically searched PubMed, EMBASE, 
Cochrane Library, and Web of Science from 
inception to February 2025 using the following 
search terms: ("probiotics" OR "Lactobacillus" 
OR "Bifidobacterium" OR "Saccharomyces") 
AND ("necrotizing enterocolitis" OR "NEC") 
AND ("preterm" OR "premature" OR "low birth 
weight" OR "very low birth weight" OR 
"extremely low birth weight"). The complete 
search strategy is available in the supplementary 
materials. Studies were eligible for inclusion if 
they met the following criteria: (1) randomized 
controlled trials; (2) participants were preterm 
infants (gestational age <37 weeks) or low 
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birth weight infants (<2500g); (3) intervention 
was any probiotic supplementation; (4) control 
was placebo, no intervention, or another 
probiotic; and (5) outcomes included NEC 
incidence (≥ stage II according to Bell's criteria 
[21]). We excluded non-randomized studies, 
studies without a control group, studies not 
reporting NEC outcomes, and studies with 
insufficient data for analysis. Two independent 
reviewers screened titles and abstracts for 
eligibility, followed by full- text review of 
potentially eligible studies. Disagreements were 
resolved through discussion or consultation 
with a third reviewer. 
Data Extraction and Quality Assessment 
Two independent reviewers extracted the 
following data from included studies: first 
author, publication year, country, sample size, 
participant characteristics (gestational age, birth 
weight), intervention details (probiotic strain, 
dose, duration), control group, feeding type, and 
outcomes (NEC incidence, mortality, late-onset 
sepsis, probiotic sepsis, time to full enteral 
feeding, length of hospital stay).  
The methodological quality of included RCTs was 
assessed using the Cochrane Risk of Bias tool 
(RoB 2) [22], which evaluates five domains: 
randomization process, deviations from intended 
interventions, missing outcome data, outcome 
measurement, and selective reporting. Each 
domain was rated as low risk, some concerns, or 
high risk of bias. The overall risk of bias was 
determined based on the domain ratings: low risk 
(all domains low risk), some concerns (at least 
one domain with some concerns, no high-risk 
domains), or high risk (at least one domain with 
high risk).  
The quality of evidence for each outcome was 
assessed using the Grading of Recommendations 
Assessment, Development and Evaluation 
(GRADE) approach [23], which considers risk of 
bias, inconsistency, indirectness, imprecision, 
and publication bias. Evidence was categorized 
as high, moderate, low, or very low quality. 
 
Data Synthesis and Analysis 
The primary outcome was the incidence of NEC 
(≥ stage II). Secondary outcomes included all-
cause mortality, late-onset sepsis, probiotic sepsis, 
time to full enteral feeding, and length of 
hospital stay.For dichotomous outcomes, we 
calculated risk ratios (RRs) with 95% confidence 
intervals (CIs) using random-effects models. For 
continuous outcomes, we calculated mean 
differences (MDs) with 95% CIs. Heterogeneity 

was assessed using the I² statistic, with values of 
25%, 50%, and 75% representing low, moderate, 
and high heterogeneity, respectively [24]. 
Subgroup analyses were performed based on:  
(1) probiotic strain or combination; (2) single-
strain versus multi-strain probiotics; (3) feeding 
type (exclusive human milk versus formula with 
or without human milk); (4) birth weight 
category (VLBW versus extremely low birth 
weight [ELBW, <1000g]); and (5) baseline NEC 
risk (high versus low, defined by NEC incidence 
>10% or <10% in the control group). 
Publication bias was assessed using funnel plots 
and Egger's test [25].  
To evaluate the robustness of our findings, we 
conducted sensitivity analyses by excluding 
studies with high risk of bias and using fixed-
effect models. 
All statistical analyses were performed using Stata 
version 15.1 (StataCorp, College Station, TX) and 
Review Manager 5.4 (The Cochrane 
Collaboration, Copenhagen, Denmark). 
 
RESULT: 
Study Selection and Characteristics 
The literature search identified 2,458 records. After 
removing duplicates and screening titles and 
abstracts, 342 full-text articles were assessed for 
eligibility. Of these, 51 RCTs met the inclusion 
criteria and were included in the meta-analysis 

Figure 1. Flow diagram of study selection 
according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines 
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The 51 included RCTs enrolled a total of 10,664 
preterm infants and evaluated 29 different 
probiotic interventions. The sample size of 
individual studies ranged from 30 to 1,315 infants. 
Most studies (n=43) included VLBW infants, while 
8 studies specifically focused on ELBW infants. 
The duration of probiotic supplementation 
varied from 2 weeks to until discharge or 36 

weeks corrected gestational age. The most 
commonly studied probiotic strains were 
Lactobacillus rhamnosus GG (11 studies), 
Bifidobacterium infantis (5 studies), Lactobacillus 
acidophilus (6 studies), Bifidobacterium bifidum 
(4 studies), and Bifidobacterium breve (4 studies). 
Twenty-five 

studies evaluated multi-strain probiotic 
formulations. Regarding feeding type, 14 studies 
included exclusively human milk-fed infants, 14 
studies included infants receiving formula with 
or without human milk, and 23 studies did not 
specify feeding type. 
The risk of bias assessment revealed that 18 
studies (35.3%) had low risk of bias, 25 studies 
(49.0%) had some concerns, and 8 studies (15.7%) 
had high risk of bias. The most common sources 
of bias were inadequate allocation concealment 
and lack of blinding. 
 
Efficacy of Probiotics for NEC Prevention 
Overall, probiotic supplementation significantly 

reduced the incidence of NEC compared to 
control (RR 0.43; 95% CI 0.36-0.52; I²=42%; 51 
studies, 10,664 infants). This corresponds to a 
number needed to treat (NNT) of 25, indicating 
that 25 infants would need to receive probiotics to 
prevent one case of NEC. 
The forest plot of the top 10 probiotic regimens 
for NEC prevention is presented in Figure 
2. The most effective regimens were Bovine 
lactoferrin + Lactobacillus rhamnosus GG (RR 
0.03; 95% CI 0.00-0.35), Lactobacillus acidophilus 
LB (RR 0.03; 95% CI 0.00-0.21), and 
Bifidobacterium lactis Bb-12/B94 in exclusively 
human milk-fed infants (RR 0.04; 95% CI 0.00-
0.49). 

 
Figure 2: Forest plot of the top 10 probiotic regimens for Necrotizing Enterocolitis (NEC) prevention. 
 
Subgroup analysis by probiotic formulation 
showed that multi-strain probiotics were more 

effective (RR 0.35; 95% CI 0.27-0.47; I²=38%; 25 
studies, 5,541 infants) than single- 

strain probiotics (RR 0.54; 95% CI 0.45-0.66; I²=35%; 26 studies, 5,123 infants), with a 
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significant subgroup difference 
(p=0.01).Subgroup analysis by feeding type 
revealed that probiotics were effective in both 
exclusively human milk-fed infants (RR 0.38; 95% 
CI 0.27-0.55; I²=32%; 14 studies, 2,797 infants) and 
formula-fed infants (RR 0.47; 95% CI 0.33-0.66; 
I²=45%; 14 studies, 2,426 infants), with no 
significant subgroup difference (p=0.42). 
Regarding birth weight categories, probiotics 
were effective in both VLBW infants (RR 0.47; 
95% CI 0.36-0.61; I²=44%; 27 studies, 5,529 
infants) and ELBW infants (RR 0.62; 95% CI 0.48-

0.81; I²=28%; 8 studies, 1,583 infants), although 
the effect size was smaller in ELBW infants 
(p=0.04 for subgroup difference).Probiotics 
showed greater efficacy in settings with high 
baseline NEC risk (RR 0.37; 95% CI 0.27-0.49; 
I²=32%; 18 studies, 3,951 infants) compared to 
settings with low baseline NEC risk (RR 0.52; 
95% CI 0.35-0.76; I²=46%; 33 studies, 6,713 
infants), with a significant subgroup difference 
(p=0.03). 
The comprehensive subgroup analysis is presented 
in Figure 3. 

 

 
Figure 3: Comprehensive subgroup analysis of the effect of probiotic supplementation on the incidence of 
Necrotizing Enterocolitis (NEC). 
 

Effect of Probiotics on Secondary Outcomes 
Probiotic supplementation significantly reduced 
all-cause mortality (RR 0.73; 95% CI 0.59-0.90; 

I²=32%; 42 studies, 10,642 infants) and late-onset 
sepsis (RR 0.88; 95% CI 

0.80-0.97; I²=42%; 31 studies, 8,707 infants). The 
forest plots for mortality and late-onset sepsis are 

presented in Figures 4 and 5, respectively

. 
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Figure 4: Forest plot showing the effect of probiotic supplementation on all-cause mortality. 
 

 
Figure 5: Orest plot showing the effect of probiotic supplementation on late-onset sepsis. 
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Subgroup analysis by probiotic formulation 
showed that multi-strain probiotics significantly 
reduced mortality (RR 0.58; 95% CI 0.43-0.78; 
I²=28%; 21 studies, 4,848 
infants), while single-strain probiotics did not 
show a significant effect (RR 0.83; 95% CI 0.64-
1.08; I²=30%; 21 studies, 5,794 infants), with a 
significant subgroup difference (p=0.04). 
For late-onset sepsis, multi-strain probiotics 
showed a significant effect (RR 0.85; 95% CI 
0.74-0.97; I²=40%; 16 studies, 3,368 infants), 
while single-strain probiotics did not (RR 0.91; 
95% CI 0.80-1.03; I²=32%; 15 studies, 5,339 
infants), but the subgroup difference was not 
significant (p=0.46). 
Probiotic supplementation also reduced the time 

to full enteral feeding (MD -2.78 days; 95% CI -
4.24 to -1.32; I²=76%; 25 studies, 6,779 infants) 
and length of hospital stay (MD 
-3.77 days; 95% CI -6.15 to -1.39; I²=68%; 17 
studies, 3,587 infants). 
 
Safety of Probiotic Supplementation 
No cases of probiotic sepsis (bacteremia or 
fungemia with the administered probiotic 
organism) were reported in any of the included 
studies (0/5,332 infants). The safety profile of 
probiotics is illustrated in Figure 6, showing the 
event rates for NEC, mortality, late-onset sepsis, 
and probiotic sepsis in probiotic and control 
groups. 

 

Figure 6 :The safety profile of probiotics, showing the event rates for NEC, mortality, late-onset sepsis, and 
probiotic sepsis in probiotic and control groups 
 
Quality of Evidence 
The quality of evidence, assessed using the GRADE approach, was high for NEC prevention, moderate for 
mortality and late-onset sepsis, and high for probiotic sepsis. The distribution of probiotic regimens by 
evidence level and outcome is presented in Figure 7. 
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Figure 7: The distribution of probiotic regimens by evidence level and outcome

  

 
DISCUSSION: 
This comprehensive meta-analysis of 51 RCTs 
involving 10,664 preterm infants provides robust 
evidence that probiotic supplementation 
significantly reduces the incidence of NEC, all-
cause mortality,(41) and late-onset sepsis in 
preterm infants. The most effective probiotic 
regimens were Bovine lactoferrin combined with 
Lactobacillus rhamnosus GG and Lactobacillus 
acidophilus LB, both showing a 97% reduction in 
NEC risk. Multi-strain probiotics demonstrated 
greater efficacy than single-strain formulations, 
and probiotics were effective regardless of 
feeding type (human milk or formula). 
Importantly, no cases of probiotic sepsis were 
reported, supporting the safety of probiotic 
supplementation in this vulnerable population. 
(40) 
 
Comparison with Previous Meta-analyses 
Our findings are consistent with previous meta-
analyses that have reported beneficial effects of 
probiotics for NEC prevention [26-28]. However, 
our study extends beyond previous work by 
providing a more detailed analysis of specific 
probiotic regimens and subgroups, with several 
novel findings. First, we identified Bovine 
lactoferrin + L. rhamnosus GG and L. 

acidophilus LB as the most effective regimens, 
with risk reductions of 97% for both. This finding 
is particularly noteworthy as previous meta-
analyses have not specifically highlighted these 
combinations. Bovine lactoferrin (35) an iron-
binding glycoprotein with antimicrobial and 
immunomodulatory properties, may synergize 
with L. rhamnosus GG to enhance protection 
against NEC [29]. Similarly, L. acidophilus LB 
has unique properties, including the production of 
bacteriocins that inhibit pathogenic bacteria [30]. 
Second, our subgroup analysis demonstrated 
that multi-strain probiotics are more effective 
than single-strain formulations for both NEC 
prevention and mortality reduction. This finding 
supports the hypothesis that different probiotic 
strains may act synergistically through 
complementary mechanisms [31]. For example, 
some strains may primarily enhance barrier 
function, while others modulate immune 
responses or produce antimicrobial substances 
[32]. Third, we found that probiotics are 
effective in both exclusively human milk-fed 
and formula-fed infants, although the effect size 
was slightly larger in human milk-fed infants. 
This finding is clinically relevant as it suggests 
that all preterm infants may benefit from 
probiotic supplementation, regardless of feeding 
type [33]. The enhanced effect in human milk-
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fed infants may be due to synergistic 
interactions between probiotics and human milk 
oligosaccharides, which act as prebiotics and 
promote the growth of beneficial bacteria [34]. 
Fourth, our analysis confirmed the efficacy of 
probiotics in ELBW infants, albeit with a smaller 
effect size compared to VLBW infants. This 
finding is important as ELBW infants are at 
highest risk for NEC and have been 
underrepresented in many previous studies [35]. 
The reduced efficacy in ELBW infants may 
reflect their more immature intestinal 
environment, which may limit probiotic 
colonization and function [36]. Finally, our 
comprehensive safety analysis found no cases of 
probiotic sepsis among 5,332 infants who 
received probiotics. This finding addresses a key 
concern that has limited the implementation of 
routine probiotic supplementation in some 
neonatal units [37]. 
 
Mechanisms of Probiotic Action in NEC Prevention 
The beneficial effects of probiotics in 
preventing NEC likely involve multiple 
mechanisms. First, probiotics can competitively 
exclude pathogenic bacteria by competing for 
nutrients and adhesion sites on intestinal 
epithelial cells [38]. Second, many probiotic 
strains enhance intestinal barrier function by 
increasing tight junction 
protein expression and mucin production [39]. 
Third, probiotics modulate the immune system, 
typically promoting anti-inflammatory 
responses while suppressing pro- inflammatory 
pathways implicated in NEC pathogenesis [40]. 
Fourth, certain probiotics produce antimicrobial 
substances, including bacteriocins, hydrogen 
peroxide, and organic acids, which inhibit 
pathogen growth [41].The superior efficacy of 
multi-strain probiotics observed in our analysis 
may reflect the engagement of multiple 
complementary mechanisms. Different probiotic 
strains may target different aspects of NEC 
pathogenesis, resulting in additive or synergistic 
effects [42]. For example, Bifidobacterium 
strains are particularly effective at metabolizing 
human milk oligosaccharides and producing 
short-chain fatty acids, while Lactobacillus 
strains often excel at pathogen inhibition and 
immune modulation [43]. The interaction 
between probiotics and feeding type is also 
mechanistically relevant. Human milk contains 
numerous bioactive components that may 
enhance probiotic efficacy, including 
oligosaccharides, lactoferrin, secretory IgA, and 
growth factors [44]. These components may 

promote probiotic colonization, amplify their 
beneficial effects, or independently reduce NEC 
risk through complementary mechanisms [45]. 
Clinical Implications 
Our findings have several important clinical 
implications for neonatal care. First, the 
substantial reduction in NEC, mortality, and late-
onset sepsis supports the routine use of 
probiotics in preterm infants, particularly those 
at high risk for NEC. Based on our 
results, treating 25 infants with probiotics would 
prevent one case of NEC, a clinically significant 
benefit given the devastating consequences of this 
disease. Second, our identification of the most 
effective probiotic regimens provides practical 
guidance for clinicians selecting a probiotic 
product. Bovine lactoferrin combined with L. 
rhamnosus GG and L. acidophilus LB emerged 
as the most promising regimens, although it 
should be noted that these were evaluated in 
relatively few studies. Multi- strain formulations 
generally showed superior efficacy and may be 
preferred when specific highly effective strains 
are not available. Third, the finding that 
probiotics are effective regardless of feeding type 
suggests that all preterm infants may benefit 
from supplementation, not just those receiving 
formula. While human milk feeding remains a 
cornerstone of NEC prevention, adding probiotics 
appears to confer additional protection. Fourth, 
the confirmed efficacy in ELBW infants, albeit 
with a smaller effect size, supports probiotic use 
in this extremely vulnerable population. Given 
their high baseline risk for NEC, even a modest 
relative risk reduction translates to a substantial 
absolute risk reduction. Finally, the absence of 
reported probiotic sepsis cases provides reassurance 
regarding safety, although continued vigilance 
and high-quality manufacturing standards remain 
essential [46]. 
 
Strengths and Limitations 
This meta-analysis has several strengths. We 
included a large number of RCTs with a 
substantial combined sample size, enhancing 
statistical power and precision. Our 
comprehensive subgroup analyses provided 
insights into the comparative efficacy of different 
probiotic regimens and across patient subgroups. 
We used rigorous methodology, including 
GRADE assessment of evidence quality and 
thorough risk of bias evaluation. However, several 
limitations should be acknowledged. First, despite 
the large number of included studies, many 
specific probiotic regimens were evaluated in 
only one or two trials, limiting the robustness of 
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strain-specific conclusions. Second, 
heterogeneity in probiotic dosing, timing, and 
duration of supplementation precluded detailed 
analysis of these factors. Third, reporting of 
adverse events was inconsistent across studies, 
potentially underestimating rare complications. 
Fourth, most included studies were conducted 
in high-income countries, potentially limiting 
generalizability to resource- limited settings. 
Finally, long-term outcomes beyond the 
neonatal period were rarely reported, leaving 
uncertainty about potential long-term effects of 
early probiotic exposure. 
 
Future Research Directions 
Based on our findings, several priorities for future 
research can be identified. First, large, well-
designed RCTs directly comparing the most 
promising probiotic regimens identified in our 
analysis are needed to confirm their superior 
efficacy. Second, studies specifically designed to 
optimize dosing, timing, and duration of 
supplementation would help refine clinical 
protocols. Third, research on the long-term effects 
of early probiotic exposure on microbiome 
development, immune function, and health 
outcomes is essential. Fourth, implementation 
research addressing barriers to routine probiotic 
use in neonatal units would facilitate translation 
of evidence into practice. Finally, studies in 
resource-limited settings, where the burden of 
NEC may be higher but diagnostic and treatment 
capabilities more limited, would enhance 
global applicability. 
 
CONCLUSION: 
This comprehensive meta-analysis provides 
robust evidence that probiotic supplementation 
significantly reduces the incidence of NEC, 
mortality, and late-onsetsepsis in preterm infants. 
Bovine lactoferrin combined with L. rhamnosus 
GG and L. acidophilus LB emerged as the most 
effective regimens, and multi-strain 
formulations generally showed superior efficacy 
compared to single-strain probiotics. Probiotics 
were effective regardless of feeding type and in 
both VLBW and ELBW infants, with no reported 
cases of probiotic sepsis. These findings support 
the routine use of probiotics for NEC prevention 
in preterm infants, with preference for multi-
strain formulations or specific highly effective 
regimens when available. Future research should 
focus on direct comparisons of the most 
promising regimens, optimization of 
supplementation protocols, and long-term 
outcomes of early probiotic exposure. 
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