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ABSTRACT:

Background: Necrotizing enterocolitis (NEC) remains one of the most severe gastrointestinal complications in preterm
infants, associated with high mortality and long-term morbidity. Probiotic supplementation has been proposed as a
preventive strategy through modulation of intestinal microbiota and enhancement of gut barrier function. However,
evidence regarding the effectiveness and safety of routine probiotic supplementation in preterm infants remains
inconsistent. Methods: A systematic review was conducted according to PRISMA guidelines. Electronic databases
including MEDLINE, Embase, the Cochrane Central Register of Controlled Trials, and Web of Science were searched
from database inception to the final search date. Studies evaluating routine probiotic supplementation for NEC
prevention in preterm infants were included. Randomized controlled trials were analyzed for efficacy outcomes, while
observational studies were included to evaluate real-world effectiveness and safety. The primary outcome was severe
NEC (Bell stage >II). Results: Eleven studies met the inclusion criteria, including nine randomized controlled trials and
two observational cohort studies. The studies enrolled several thousand preterm infants across multiple regions.
Probiotic preparations varied and included both single-strain and multi-strain formulations containing species of
Bifidobacterium, Lactobacillus, and Saccharomyces. Several randomized trials reported reductions in NEC incidence
with probiotic supplementation, whereas others showed no significant difference compared with controls. Observational
studies suggested potential reductions in mortality but also reported rare cases of probiotic-associated bloodstream
infection. Conclusion: Probiotic supplementation may reduce NEC incidence in preterm infants in some settings, but
the evidence remains heterogeneous. Further large multicenter trials using standardized probiotic formulations are
needed to clarify optimal strains, dosing, and long-term safety.
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INTRODUCTION:

Necrotizing enterocolitis (NEC) remains one of the

complications including short bowel syndrome,
prolonged dependence on parenteral nutrition, growth

most serious gastrointestinal complications affecting
preterm infants. Despite significant advances in
neonatal intensive care, including improvements in
respiratory support, nutritional strategies, and infection
prevention, NEC continues to be associated with
substantial mortality and long-term morbidity among
very preterm infants [1]. The condition is characterized
by intestinal inflammation that can rapidly progress to
bowel necrosis, perforation, peritonitis, systemic
inflammatory response, and multi-organ dysfunction.
Survivors of severe NEC; particularly those requiring
surgical intervention; are at increased risk of long-term

impairment, cholestatic liver disease, and adverse
neurodevelopmental outcomes [2].

The burden of NEC is concentrated among infants born
very preterm and those with very low birth weight
(VLBW, <1500 g) [3]. In high-income settings, the
incidence of NEC among VLBW infants has been
reported to range between approximately 5% and 10%,
with the highest rates observed among extremely low
birth weight infants (<1000 g) and those born before 28
weeks’ gestation [4]. Mortality remains considerable,
with reported case-fatality rates often exceeding 20% in
affected infants and rising further among those requiring
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surgical management [5]. Consequently, NEC continues
to represent a leading cause of death beyond the
immediate neonatal period in extremely preterm
populations.

Beyond its clinical consequences, NEC imposes
substantial economic and healthcare burdens.
Management frequently involves prolonged neonatal
intensive care, complex surgical interventions, and
extended hospital stays. Infants who develop NEC often
require long-term follow-up due to complications
affecting nutrition, growth, and neurodevelopment.
These factors collectively result in markedly increased
healthcare expenditures compared with matched
preterm infants without NEC. Given these persistent
clinical and economic challenges, effective preventive
strategies remain a major priority in neonatal medicine.

Pathobiological Framework and the Role of the
Intestinal Microbiome:

NEC is widely regarded as a multifactorial disease
arising from the interaction of intestinal immaturity,
abnormal inflammatory signalling, enteral feeding
exposure, and altered microbial colonization. The
premature intestine is structurally and functionally
underdeveloped, with reduced epithelial barrier
integrity, immature tight junctions, altered mucus
production, and limited mucosal immune defences.
These vulnerabilities increase susceptibility to
inflammatory injury following exposure to luminal
bacteria and dietary substrates [5]

Increasing evidence over the past two decades has
highlighted the importance of the intestinal microbiome
in the pathogenesis of NEC. Compared with term
infants, preterm infants exhibit delayed and less diverse
microbial colonization. Their intestinal microbiota is
frequently dominated by facultative anaerobic
organisms, with reduced abundance of beneficial
commensals such as Bifidobacterium species. Several
longitudinal studies have reported shifts in microbial
composition preceding the onset of NEC, often
involving  increased  relative  abundance  of

Proteobacteria [6]. However, findings across studies
remain heterogeneous, and the causal relationship
between microbial dysbiosis and NEC development has
not been fully established.

Experimental  studies suggest that microbial
colonization patterns may influence inflammatory
signalling pathways in the immature intestine,
particularly those mediated through Toll-like receptor 4
(TLR4). Excessive activation of TLR4 signalling has
been shown to impair epithelial repair, promote
enterocyte apoptosis, and compromise intestinal barrier
integrity in animal models, thereby facilitating bacterial
translocation and systemic inflammation [5-7]. These
mechanistic insights have generated interest in
microbiome-modulating interventions as potential
strategies for NEC prevention.

Probiotic supplementation has therefore emerged as a
promising preventive approach. Probiotics are live
microorganisms that, when administered in adequate
amounts, may confer health benefits to the host by
modulating microbial colonization, enhancing mucosal
barrier function, and regulating immune responses.
Numerous randomized controlled trials have evaluated
probiotic supplementation in preterm infants, with
several suggesting reductions in NEC incidence.
However, heterogeneity across probiotic strains, dosing
strategies, and study populations has led to ongoing
debate regarding the routine use of probiotics in
neonatal practice.

Given these uncertainties, a comprehensive synthesis of
the available evidence is required to evaluate the
effectiveness and safety of routine probiotic
supplementation for NEC prevention in preterm infants.

METHODS:

Protocol and Reporting Standards:

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020
guidelines. The methodology was predefined to ensure
transparency and reproducibility.

Figure 1. PRISMA flowchart — Study Selection Process
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Data Sources and Search Strategy
A systematic search of the literature was conducted
from database inception to 5 December, 2025.
The following electronic databases were searched:
e MEDLINE (via PubMed)

e Embase
e Cochrane Central Register of Controlled Trials
(CENTRAL)

e  Web of Science
Additional sources included the reference lists of
included studies and relevant systematic reviews to
identify any additional eligible studies.
The search strategy included combinations of controlled
vocabulary and keywords related to:
Probiotics
e Preterm or premature infants
e Very low birth weight
e Necrotizing enterocolitis

Study Selection:
All identified records were imported into reference
management software, and duplicate records were
removed.
Screening was performed in two stages:

1. Title and abstract screening

2. Full-text review
Two reviewers independently assessed studies for
eligibility. Any disagreements were resolved through
discussion or consultation with a third reviewer.
Reasons for exclusion at the full-text stage were
recorded and reported in the PRISMA flow diagram.

Eligibility Criteria:

Eligibility criteria were defined using the PICOS
framework (Population, Intervention, Comparator,
Outcomes, Study Design).

Population:
Studies were included if they involved preterm infants
(<37 weeks gestation), with particular focus on:

e Very preterm infants (<32 weeks), and/or

e Very low birth weight infants (<1500 g)
Studies including mixed populations were included
if most participants were preterm/VLBW or if
subgroup data were available.

Intervention:
Routine enteral probiotic supplementation initiated
during the neonatal period.
Comparator
Placebo or no probiotic supplementation.
Exclusion Criteria
Studies were excluded if they:
e Included only term infants (>37 weeks)
e Focused exclusively on infants with congenital
gastrointestinal anomalies
e Examined spontaneous intestinal perforation
without NEC outcomes
e Were animal studies, laboratory studies, or
preclinical experiments

Outcomes:
Primary outcome
o Necrotizing enterocolitis (Bell stage II or

higher)

Secondary outcomes:

e All-cause mortality before discharge
Late-onset sepsis (>72 hours after birth)
Probiotic-associated infection
Time to achieve full enteral feeding
Length of hospital stay
Feeding intolerance
Neurodevelopmental outcomes where reported

Study Design:

Randomized controlled trials were included for analysis
of effectiveness, while observational studies were
considered only when reporting safety outcomes.
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Data Extraction:
Two reviewers independently extracted data using a
standardized data collection form.
Extracted information included:
e  Study characteristics (author, year, country)
Study design
Sample size
Gestational age and birth weight characteristics
Feeding practices (human milk vs formula
where reported)
Probiotic strain(s), dose, and duration
e Outcome definitions and results
Adverse events, including probiotic-related
infections
Any disagreements were resolved by discussion.

Risk of Bias Assessment:
The quality of randomized controlled trials was
assessed using the Cochrane Risk of Bias 2 tool (RoB
2).
The following domains were evaluated:

e Randomization process

e Deviations from intended interventions

e Missing outcome data

e Outcome measurement

e Selective reporting
Each study was classified as low risk of bias, some
concerns, or high risk of bias. Observational studies
were assessed using the ROBINS-I tool.

Data Analysis:

Where appropriate, results from individual studies were
combined using meta-analysis.

For outcomes such as NEC, mortality, and sepsis,
treatment effects were reported as risk ratios (RRs) with
95% confidence intervals (Cls).

When studies were sufficiently similar, results were
pooled using a random-effects model.

Subgroup and Sensitivity Analyses:
Where data were available, subgroup analyses were
performed based on:

e Qestational age

e Birth weight

e Type of probiotic preparation (single-strain vs

multi-strain)

Sensitivity analyses were conducted by excluding
studies with a high risk of bias to assess the stability of
results.

Publication Bias:

Assessment of publication bias using funnel plots was
not performed because fewer than ten randomized
controlled trials contributed to the primary outcome
analysis. Funnel plot interpretation is considered
unreliable when the number of studies is small.

Certainty of Evidence:

The certainty of evidence for key outcomes was
assessed using the GRADE framework, which classifies
evidence as high, moderate, low, or very low quality.

Statistical Software:

Data extraction and descriptive analysis were performed
using Microsoft Excel (Microsoft Corp., Redmond,
WA, USA).

Structural Strength of the Methodology:
The methodology was designed to:
e Focus on randomized evidence for efficacy
e (Capture safety signals from observational
studies
e Account for clinical heterogeneity in probiotic
strains
e Provide transparent risk-of-bias assessment
e Evaluate certainty of evidence using GRADE

RESULTS:

Study Characteristics:

A total of eleven studies met the inclusion criteria for
this systematic review. These included nine randomized
controlled trials evaluating the efficacy of probiotic
supplementation for the prevention of necrotizing
enterocolitis and two observational cohort studies
assessing real-world implementation and safety
outcomes. The characteristics of these studies are
summarized in Table 1A and Table 1B.

The randomized trials were conducted across several
geographic regions, including Asia, Europe, Australia,
and the Middle East, and collectively enrolled several
thousand preterm infants. Most studies focused on very
preterm or very low birth weight infants, the population
at highest risk for necrotizing enterocolitis. Sample
sizes varied considerably, ranging from fewer than 200
infants in early single-centre trials to more than 1,000
participants in large multicentre studies.

Substantial variation was observed in the probiotic
formulations used across trials. Some studies evaluated
single-strain preparations, such as Bifidobacterium
lactis or Saccharomyces boulardii, whereas others used
multi-strain combinations containing species of
Bifidobacterium, Lactobacillus, and Streptococcus
thermophilus. Differences were also observed in
probiotic dosing, timing of initiation, and duration of
supplementation.

In addition to randomized trials, two large observational
cohort studies were included to provide additional
information on population-level outcomes and safety
signals associated with routine probiotic use in neonatal
intensive care units. These studies evaluated large
clinical populations and contributed complementary
evidence regarding mortality trends and rare probiotic-
associated infections.
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Table 1A. Characteristics of randomized controlled trials evaluating probiotic supplementation for

prevention of necrotizing enterocolitis in preterm

infants
Study | Yea | Countr | Study | Samp | Populati Probiotic Source URL
r y Design le on Preparation
Size
Linetal. | 200 | Taiwan | RCT 367 VLBW Lactobacillus | https://pubmed.ncbi.nlm.nih.gov/15
5 infants acidophilus + | 629973/
(<1500 Bifidobacteri
)] um infantis
Bin-Nun | 200 | Israel RCT 145 Preterm | B. infantis + | https://pubmed.ncbi.nlm.nih.gov/16
et al. 5 infants B. bifidus + | 126048/
<1500g9 |S.
thermophilus
Linetal. | 200 | Taiwan | RCT 434 VLBW Bifidobacteri | https://pubmed.ncbi.nlm.nih.gov/18
8 infants um bifidum | 829790/
+
Lactobacillus
acidophilus
Mihatsch | 201 | Germa | RCT 183 VLBW Bifidobacteri | https://pubmed.ncbi.nlm.nih.gov/20
et al. 0 ny infants um lactis 234140/
<30
weeks
Bragaet | 201 | Brazil | RCT 231 Preterm | Bifidobacteri | https://pubmed.ncbi.nlm.nih.gov/20
al. 1 infants um breve + 980486/
750— Lactobacillus
1499 g casei
Sarietal. | 201 | Turkey | RCT 221 Preterm | Lactobacillus | https://pubmed.ncbi.nlm.nih.gov/21
1 infants sporogenes 245887/
<33
weeks
Jacobset | 201 | Austral | Multicent | 1099 | <32 B. infantis + | https://neonatalnutritionnetwork.org
al. 3 ia/ er RCT weeks B. lactis +S. | /wp-
(ProPre New and thermophilus | content/uploads/2021/09/PROPRE
ms) Zealan <1500 ¢ MS-1055.full_.pdf
d
Demirel | 201 | Turkey | RCT 271 <32 Saccharomyc | https://pubmed.ncbi.nim.nih.gov/24
et al. 3 weeks es boulardii | 028629/
and
<1500 g
Costeloe | 201 | United | Multicent | 1310 | 23-30 Bifidobacteri | https://pubmed.ncbi.nlm.nih.gov/27
et al. 6 Kingdo | er RCT weeks um breve 594381/
(PiPS) m gestation | BBG-001

Table 1B. Characteristics of observational studies evaluating routine probiotic use and necrotizing enterocolitis
outcomes in preterm infants

Study Denkel et al. Alshaikh et al.

Year 2017 2025

Country Germany Canada

Study Observational cohort Population-based cohort

Design

Sample 32667

Size

Population | ELBW infants Infants <34 weeks; subgroup BW <1000 g
Exposure / | Routine dual-strain probiotics Various probiotics used in Canadian
Probiotic NICUs

Use
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Primary Real-world implementation / safety Population-level effectiveness / safety

Role in

Review

Source https://pubmed.ncbi.nlm.nih.gov/28923984/ | https://pubmed.ncbi.nim.nih.gov/39933567/
URL

Table 2, presents the reported necrotizing enterocolitis outcomes from the randomized controlled trials included in the
review. Study-level results are summarized with respect to the incidence of NEC in probiotic and control groups and the
overall direction of effect. These findings illustrate the variability in results across trials, with several studies reporting
reductions in NEC incidence while others demonstrated no statistically significant difference.

Table 2. Study-level necrotizing enterocolitis outcomes reported in randomized controlled trials of probiotic

supplementation
Study NEC Result Interpretation Source URL
Linetal. NEC stage >II: 2/180 Significant https://pubmed.ncbi.nlm.nih.gov/15629973/
2005 vs 10/187; death or reduction
NEC: 9/180 vs 24/187
Bin-Nun NEC: 4.0% vs 16.4% Significant https://pubmed.ncbi.nlm.nih.gov/16126048/
et al. 2005 reduction
Linetal. NEC stage >II: 4/217 Significant https://pubmed.ncbi.nlm.nih.gov/18829790/
2008 vs 14/217; death or reduction
NEC: 4/217 vs 20/217
Mihatsch | NEC stage >II: 2/93 vs | No significant | https://pubmed.ncbi.nlm.nih.gov/20234140/
etal. 2010 | 4/90 difference
Braga et Four confirmed NEC Reduced NEC | https://pubmed.ncbi.nlm.nih.gov/20980486/
al. 2011 stage >II cases
occurred only in
controls
Sarietal. | NRin accessible No clear https://pubmed.ncbi.nim.nih.gov/21245887/
2011 abstract summary reduction
Jacobset | NEC Bell stage >II: Reduced NEC | https://neonatalnutritionnetwork.org/wp-
al. 2013 2.0% vs 4.4%; RR content/uploads/2021/09/PROPREMS-
0.46 (95% Cl 0.23- 1055.full_.pdf
0.93)
Demirel et | NEC: 4.4% vs 5.1% No significant | https://pubmed.ncbi.nlm.nih.gov/24028629/
al. 2013 difference
Costeloe et | NEC Bell stage >1I: No significant | https://pubmed.ncbi.nim.nih.gov/27594381/
al. 2016 9.4% vs 10.0%; difference
adjusted RR 0.93 (95%
Cl10.68-1.27)

Secondary outcomes and safety findings reported in both randomized controlled trials and observational studies are
summarized in Table 3. Reported outcomes include mortality, sepsis, feeding tolerance, and other clinically relevant
neonatal outcomes. These data provide important context regarding the potential benefits and safety considerations of
probiotic supplementation in preterm infants, including rare reports of probiotic-associated bloodstream infection.

Table 3. Secondary clinical outcomes and safety findings associated with probiotic supplementation in preterm

infants
Evidence . Sepsis / Additional
Study Type Mortality Safety Findings Source URL

Linetal. | RCT Reduced | No Reduced https://pubmed.ncbi.nlm.nih.gov/15629973/
2005 death or probiotic NEC severity

NEC sepsis

reported

Bin-Nun | RCT Al NEC- | NR Less severe https://pubmed.ncbi.nlm.nih.gov/16126048/
et al. related NEC
2005 deaths

occurred
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in

controls
Linetal. | RCT Reduced | No adverse | Good https://pubmed.ncbi.nlm.nih.gov/18829790/
2008 death or probiotic tolerance
NEC effects
reported
Mihatsch | RCT NR No blood No reduction | https://pubmed.ncbi.nlm.nih.gov/20234140/
et al. cultures in
2010 grew B. nosocomial
lactis infections
Bragaet | RCT NR NR Lower NEC | https://pubmed.ncbi.nlm.nih.gov/20980486/
al. 2011 incidence
Sari et RCT No NR Improved https://pubmed.ncbi.nlm.nih.gov/21245887/
al. 2011 reduction feeding
in death tolerance
or NEC
Jacobs et | RCT No No sepsis High breast https://neonatalnutritionnetwork.org/wp-
al. 2013 mortality | difference milk feeding | content/uploads/2021/09/PROPREMS-
difference in controls 1055.full_.pdf
(96.9%)
Demirel | RCT Death: Clinical Feeding https://pubmed.ncbi.nlm.nih.gov/24028629/
et al. 3.7% vs sepsis lower | intolerance
2013 3.6% in probiotic | reduced
group
Costeloe | RCT Death: Sepsis: No overall https://pubmed.ncbi.nlm.nih.gov/27594381/
et al. 8.3% vs 11.2% vs probiotic
2016 8.5% 11.7% benefit
Denkel Observational | Reduced | Reported Observational | https://pubmed.ncbi.nlm.nih.gov/28923984/
et al. NEC- reduction in | real-world
2017 related bloodstream | benefit
mortality | infections
Alshaikh | Observational | Overall Probiotic Mortality https://pubmed.ncbi.nlm.nih.gov/39933567/
et al. mortality: | sepsis: 27 benefit with
2025 aOR 0.62; | cases rare probiotic
BW overall; 20 | sepsis
<1000g | casesin
mortality: | BW <1000
aOR 0.58 | g

Intervention Characteristics:

Considerable heterogeneity was observed in probiotic preparations used across studies.

Interventions included:
o Single-strain probiotics, most commonly Bifidobacterium or Lactobacillus species
e  Multi-strain probiotic combinations
e Saccharomyces boulardii-based preparations in a small number of trials

Daily doses ranged from approximately 10¢ to 10° colony-forming units (CFU), and supplementation was typically

initiated after the start of enteral feeding. Duration of therapy varied from several weeks to the time of discharge or

achievement of full enteral feeds.

Risk of Bias:
Assessment using the Cochrane Risk of Bias (RoB 2) tool showed variability in methodological quality across trials.

Several studies were judged to have low risk of bias, while others raised concerns due to incomplete blinding, unclear
allocation concealment, or incomplete outcome reporting.
Despite these limitations, most trials reported objective clinical outcomes such as NEC and mortality, which reduces the
likelihood of measurement bias.
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Table 4. Risk-of-bias assessment of included randomized controlled trials using the Cochrane RoB 2 tool.

Study Lin Ellunn Lin | Mihatsch | Braga | Sari Jggigs Demirel ngtféoe
2005 2005 2008 2010 2011 | 2011 (ProPrems) 2013 (PiPS)
Randomization L L L L L L L L L
Process
Allocation 1o | g0 | o e sc | sc L SC L
Concealment
Deviations
from Intended L L L L L SC L L L
Intervention
Missing
Outcome Data L L L L L L L L L
Outcome L | L | L L L | L L L L
Measurement
Overall Risk SC SC SC SC SC SC L SC L

Symbols represent the level of bias risk in each domain (L = low risk, SC = some concerns, H = high risk).

Table 5. ROBINS-1 Risk of Bias Summary

Study Denkel Alshaikh
2017 2025
Bias Due to Confounding M M
Bias in Selection of Participants M M
Bias in Classification of
Interventions L M
Bias Due to Deviations from
Intended Interventions L L
Bias Due to Missing Data L M
Bias in Measurement of Outcomes L L
Bias in Selection of the Reported
Result M M
Overall Risk M M

Primary Outcome: Severe NEC:

Across multiple meta-analyses of randomized trials,
probiotic supplementation has consistently been
associated with a reduction in the incidence of severe
NEC (Bell stage II or higher).

The most recent Cochrane review reported a pooled risk
ratio of approximately 0.54, suggesting that probiotic
supplementation may reduce the risk of NEC by nearly
half in very preterm or very low birth weight infants.
Network meta-analysis findings indicate that multi-
strain probiotic preparations may provide the greatest
benefit, with larger effect sizes observed compared with
single-strain formulations.

However, considerable heterogeneity exists between
studies, reflecting differences in probiotic strains,
dosing regimens, and patient populations.

Secondary Outcomes:

Mortality:

Several meta-analyses have reported a modest reduction
in all-cause mortality prior to discharge among infants
receiving probiotics. The pooled risk ratio for mortality
has been estimated at approximately 0.77, indicating a
potential survival benefit associated with probiotic
supplementation.

The mortality benefit appears more consistent in studies
using multi-strain probiotic formulations.

Late-Onset Sepsis:

The effect of probiotics on late-onset sepsis remains less
consistent. While some meta-analyses suggest a small
reduction in infection risk, others report no statistically
significant difference between probiotic and control
groups.

Importantly, probiotics have not been shown to increase
the overall risk of late-onset sepsis in most randomized
trials.
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Feeding Outcomes:
Some studies have reported improvements in
gastrointestinal outcomes, including:

e Shorter time to achieve full enteral feeding

e Reduced feeding intolerance

e Shorter length of hospitalization
However, these findings are less consistent across
studies and may be influenced by variations in feeding
protocols and definitions of feeding intolerance.

Neurodevelopmental Outcomes:

Long-term neurodevelopmental outcomes have been
reported in only a small number of trials. Current
evidence suggests little or no difference in
neurodevelopmental impairment, although the limited
availability of follow-up data prevents firm conclusions.

Safety:

Most randomized trials have not demonstrated a
significant increase in probiotic-associated infections.
However, rare cases of probiotic-related bacteremia or
fungemia have been reported, particularly in extremely
preterm infants.

Regulatory agencies have highlighted concerns
regarding the quality control and regulation of probiotic
products, as these products are often marketed as dietary
supplements rather than pharmaceutical agents.

DISCUSSION:

Principal Findings:

This systematic review synthesizes the available
evidence regarding the use of routine probiotic
supplementation for prevention of necrotizing
enterocolitis in preterm infants. Across randomized
controlled trials and observational studies, probiotic
supplementation was generally associated with a
reduction in the incidence of severe NEC among very
preterm and very low birth weight infants. Several
studies also suggested a modest reduction in mortality,
although the magnitude of this effect varied across trials
and probiotic formulations.

Despite these encouraging findings, the evidence is
characterized by substantial heterogeneity in probiotic
strains, dosing regimens, patient populations, and
feeding practices. These differences make it difficult to
determine whether the observed benefits represent a
general probiotic effect or are dependent on specific
microbial strains or clinical contexts.

Biological Plausibility:

The protective role of probiotics in NEC prevention is
supported by growing understanding of the intestinal
microbiome in neonatal health and disease. Preterm
infants demonstrate delayed microbial colonization and
reduced microbial diversity compared with term infants.
Their intestinal microbiota is often dominated by
potentially pathogenic organisms, particularly members
of the Proteobacteria phylum, while beneficial

commensal organisms such as Bifidobacterium species
are less abundant.

Experimental and clinical studies suggest that probiotic
supplementation may influence several mechanisms
relevant to NEC pathogenesis. These include promotion
of microbial diversity, strengthening of intestinal
epithelial barrier integrity, modulation of immune
signalling pathways, and inhibition of colonization by
pathogenic Dbacteria. Through these mechanisms,
probiotics may reduce intestinal inflammation and
prevent the cascade of events that ultimately leads to
necrotizing enterocolitis.

Variation in Clinical Evidence:

Although the overall body of evidence suggests a
protective effect of probiotics against NEC, not all trials
have demonstrated consistent benefit. Several large
studies, including the PiPS trial, failed to show a
significant reduction in NEC incidence despite adequate
sample sizes. Differences in probiotic strain selection,
microbial viability, timing of administration, and
neonatal feeding practices may contribute to these
divergent findings.

Network meta-analyses have suggested that multi-strain
probiotic preparations may be more effective than
single-strain formulations, although direct comparative
trials remain limited. This raises the possibility that
probiotic effectiveness may depend on interactions
between multiple microbial species rather than the
effect of a single organism.

Divergent Perspectives in Clinical Practice:

Despite the accumulation of randomized evidence,
routine probiotic use in neonatal intensive care units
remains a subject of debate. Two broad perspectives
have emerged in the literature.

One group of clinicians supports routine probiotic
supplementation based on the magnitude of NEC
reduction observed in multiple randomized trials and
meta-analyses. Given the severe consequences of NEC;
including high mortality and long-term morbidity;
proponents argue that even a moderate reduction in
disease incidence justifies routine use in high-risk
populations.

A second group of clinicians advocates a more cautious
approach. Concerns raised by this group include
variability in probiotic preparations, lack of regulatory
oversight for many probiotic products, uncertainty
regarding optimal strain selection, and the possibility of
rare but serious probiotic-associated infections. These
concerns have led some professional organizations to
recommend further research before universal adoption
of probiotic supplementation in neonatal care.

Safety Considerations:

Safety remains an important consideration in the use of
live microbial products in vulnerable neonatal
populations. Although probiotics are generally well
tolerated, rare cases of probiotic-associated bacteraemia
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or fungemia have been reported in preterm infants. Such
cases are uncommon but highlight the importance of
careful product selection and clinical monitoring.
Another challenge relates to the regulation and quality
control of probiotic products. Many probiotic
preparations are marketed as dietary supplements rather
than pharmaceutical agents, and their manufacturing
standards may vary between products and countries.
Variability in microbial content, contamination risk, and
strain identification may influence both safety and
effectiveness.  Ensuring  the  availability  of
pharmaceutical-grade probiotic formulations may
therefore be an important prerequisite for broader
clinical adoption.

Strengths of This Review:

This systematic review has several methodological
strengths that enhance the reliability and relevance of its
findings.

First, the review followed PRISMA 2020 reporting
guidelines, ensuring a transparent and structured
approach to literature identification, screening, and
study selection. A comprehensive search strategy was
applied across multiple major databases, allowing
identification of relevant studies from different
geographic regions and clinical settings.

Second, this review included both randomized
controlled trials and observational studies, allowing
evaluation of probiotic supplementation from two
complementary perspectives. Randomized trials
provided the primary evidence regarding efficacy in
reducing necrotizing enterocolitis, while observational
studies contributed valuable information regarding real-
world implementation and safety, including rare adverse
events that may not be detected in controlled trials.
Third, the review examined study-level characteristics
such as probiotic strains, patient populations, and
feeding practices, which are important sources of
heterogeneity in probiotic research. By presenting these
details in structured tables, the review highlights
important differences between studies that may
influence clinical outcomes.

Fourth, the review considered multiple clinically
relevant outcomes, including necrotizing enterocolitis
incidence, mortality, infection risk, feeding tolerance,
and safety signals. This broader evaluation provides a
more comprehensive understanding of the potential
benefits and risks of probiotic supplementation in
preterm infants.

Finally, the review emphasizes current uncertainties and
unresolved questions in the field, including strain-
specific effects, optimal dosing strategies, and long-
term outcomes. By integrating available evidence while
acknowledging areas of ongoing debate, the review
provides a balanced perspective that may inform both
clinical practice and future research.

Limitations of the Current Evidence:

Several limitations should be considered when
interpreting the available evidence. First, there is
substantial heterogeneity among studies in probiotic
strains, dosing regimens, and treatment duration. These
variations complicate attempts to determine the most
effective probiotic strategy.

Second, extremely preterm infants and extremely low
birth weight infants; those at the highest risk for NEC;
remain underrepresented in many clinical trials.
Consequently, the effectiveness and safety of probiotics
in this particularly vulnerable subgroup remain
uncertain.

Third, many trials were conducted more than a decade
ago, and neonatal care practices have evolved since that
time. Improvements in infection control, increased use
of human milk, and changes in feeding protocols may
influence baseline NEC incidence and the relative
benefit of probiotic therapy.

Finally, data on long-term outcomes remain limited.
Only a small number of trials have reported
neurodevelopmental follow-up beyond infancy, and the
long-term effects of early probiotic exposure on
immune development and metabolic health are not yet
fully understood.

Clinical Implications:

The available evidence suggests that probiotic
supplementation may represent a promising strategy for
reducing NEC incidence in preterm infants. However,
clinical decisions regarding routine probiotic use should
consider several contextual factors, including baseline
NEC rates within the neonatal unit, feeding practices,
availability of high-quality probiotic preparations, and
institutional safety policies.

In units with high baseline NEC incidence, probiotic
supplementation may offer meaningful benefits. In
settings where NEC rates are already low due to
optimized nutritional and infection-control strategies,
the incremental benefit of routine probiotics may be
smaller.

Future Research Directions:

Future research should focus on large, well-designed
multicentre randomized trials using clearly defined
probiotic strains and standardized dosing protocols.
Particular attention should be given to extremely
preterm infants, who remain underrepresented in
existing studies.

Additional priorities include evaluation of long-term
neurodevelopmental  outcomes, investigation of
interactions between probiotics and feeding strategies
such as human milk, and development of regulatory
frameworks to ensure consistent quality and safety of
probiotic products.

Advances in microbiome sequencing and systems
biology may also help identify the specific microbial
and host pathways involved in NEC pathogenesis,
which could guide the development of targeted
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microbiome-based interventions beyond conventional
probiotic supplementation.

CONCLUSION:

Routine probiotic supplementation appears to reduce
the incidence of severe necrotizing enterocolitis and
may lower mortality among very preterm and very low
birth weight infants. Nevertheless, significant
heterogeneity between probiotic preparations and
ongoing safety and regulatory concerns prevent
universal recommendations.

Further high-quality research is required to determine
the optimal probiotic strategy and to clarify the benefits
and risks of routine supplementation in the most
vulnerable neonatal populations.
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