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ABSTRACT

Background:

Prematurity remains a major cause of neonatal morbidity and mortality worldwide. Preterm infants are highly
susceptible to complications such as necrotizing enterocolitis (NEC), neonatal sepsis, feeding intolerance, poor
weight gain, prolonged hospitalization, and mortality. Probiotic supplementation, particularly with Lactobacillus
rhamnosus GG (LGG), has emerged as a promising intervention for improving neonatal outcomes by modulating
gut microbiota and enhancing intestinal immunity.

Aim:

To evaluate the effect of daily prophylactic Lactobacillus rhamnosus GG supplementation in preventing early
complications of prematurity among preterm infants.

Materials and Methods:

This randomized controlled study was conducted in the Neonatal Intensive Care Unit of Krishna Institute of
Medical Sciences, Karad, over a period of 18 months from April 2024 to September 2025. A total of 108 preterm
infants between 28- and 37-weeks' gestation weighing 800-2500 g were enrolled and divided equally into
probiotic and control groups. Infants in the probiotic group received daily prophylactic LGG supplementation
once enteral feeding was initiated until discharge, while the control group received standard neonatal care without
probiotics. Primary outcomes included NEC and sepsis. Secondary outcomes included feeding tolerance, time to
achieve full enteral feeds, weight gain, duration of hospital stay, mortality, and safety assessment. Statistical
analysis was performed using independent t-test and chi-square test, with p<0.05 considered statistically
significant.

Results:

Baseline demographic and clinical characteristics were comparable between groups. NEC incidence was
significantly lower in the probiotic group compared with controls (9.3% vs 29.6%; p=0.014). Similarly, neonatal
sepsis was significantly reduced among infants receiving probiotics (11.1% vs 37.0%; p=0.003). Infants in the
probiotic group achieved full enteral feeds earlier (13.3 + 2.5 vs 15.3 & 3.8 days; p=0.002) and experienced fewer
feed intolerance episodes (1.7 £ 0.8 vs 2.9 + 1.6; p<0.001). Daily weight gain was significantly higher in the
probiotic group (19.5 £2.8 g/day vs 16.9 &+ 3.7 g/day; p<0.001), while duration of hospital stay was significantly
shorter (20.9 £4.1 vs 25.9 £ 3.7 days; p<0.001). No mortality was observed in the probiotic group compared with
14.8% mortality in the control group (p=0.003). No cases of probiotic-related sepsis or adverse events were
documented.

Conclusion:

Daily prophylactic supplementation with Lactobacillus rhamnosus GG significantly reduced NEC, neonatal
sepsis, feeding intolerance, mortality, and duration of hospitalization while improving weight gain and feeding
outcomes in preterm infants. LGG supplementation was found to be safe and particularly beneficial among ELBW
and VLBW neonates. Routine probiotic supplementation may serve as an effective adjunctive strategy in neonatal
intensive care units for improving outcomes among high-risk preterm infants.
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Introduction

Prematurity, defined as birth before 37 completed
weeks of gestation, remains one of the leading
causes of neonatal morbidity and mortality
worldwide [1,2]. Globally, approximately 15 million
infants are born preterm each year, accounting for a
substantial proportion of neonatal deaths and long-
term neurodevelopmental disabilities [1]. Despite
advances in neonatal intensive care, preterm infants
continue to experience a high burden of
complications due to physiological immaturity of
the gastrointestinal, respiratory, neurological, and
immune systems [3].

Among the major complications associated with
prematurity, necrotizing enterocolitis (NEC) and
neonatal sepsis remain particularly significant
because of their high morbidity, mortality, and long-
term consequences [4]. NEC is a severe
inflammatory gastrointestinal disorder characterized
by intestinal necrosis, bacterial invasion, and
systemic instability, primarily affecting extremely
low birth weight (ELBW) and very low birth weight
(VLBW) infants [5]. The pathogenesis of NEC is
multifactorial and involves intestinal immaturity,
abnormal microbial colonization, exaggerated
inflammatory responses, and impaired mucosal
barrier function [6]. Similarly, neonatal sepsis
continues to be a major cause of death in preterm
infants due to underdeveloped immunity, invasive
NICU interventions, prolonged hospitalization, and
increased exposure to nosocomial pathogens [7].
Recent advances in neonatal microbiome research
have highlighted the important role of intestinal
microbial colonization in neonatal health and
disease [8]. Preterm infants often exhibit delayed
colonization ~ with  beneficial bacteria and
overgrowth of pathogenic organisms, resulting in
intestinal dysbiosis [9]. Dysbiosis has been strongly
associated with NEC, feeding intolerance, sepsis,
impaired nutrient absorption, and poor growth
outcomes in premature neonates [ 10]. Restoration of
healthy gut microbiota has therefore emerged as a
promising therapeutic target for improving neonatal
outcomes.

Probiotics are live microorganisms that provide
health benefits when administered in adequate
amounts [11]. Among various probiotic strains,
Lactobacillus rhamnosus GG (LGG) has been
extensively studied because of its beneficial effects
on intestinal barrier function, immune modulation,
microbial stabilization, and inhibition of pathogenic
bacterial colonization [12]. LGG has demonstrated
the ability to strengthen tight junction integrity,
reduce intestinal permeability, modulate
inflammatory cytokine production, and enhance
mucosal immune responses [13]. These mechanisms
are particularly relevant in preterm infants who are
highly vulnerable to intestinal inflammation and
systemic infections.

Several randomized controlled trials and meta-
analyses  have  reported that  probiotic
supplementation significantly reduces the incidence
of NEC, late-onset sepsis, feeding intolerance, and
mortality among preterm infants [14,15]. In
addition, probiotics have been associated with
earlier achievement of full enteral feeds, improved
weight gain, and reduced duration of hospital stay
[16]. The beneficial effects appear to be more
pronounced among ELBW and VLBW infants who
carry the highest risk of gastrointestinal and
infectious complications [17].

Despite  increasing  international  evidence
supporting probiotic use, considerable variability
exists regarding probiotic strains, dosage, duration,
and timing of administration in neonatal intensive
care units [18]. Concerns regarding probiotic-
associated sepsis, strain-specific efficacy, and
product quality continue to limit universal adoption,
especially in low- and middle-income countries
[19]. In India, where preterm birth rates and neonatal
mortality remain  high, routine probiotic
supplementation in NICUs has not been uniformly
implemented because of limited indigenous clinical
data and lack of standardized national guidelines
[20].

Considering the significant burden of prematurity-
related complications and the potential benefits of
probiotic therapy, the present study was conducted
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to evaluate the effect of daily prophylactic
Lactobacillus rhamnosus GG supplementation on
early complications of prematurity, including NEC,
sepsis, feeding intolerance, growth outcomes,
duration of hospital stay, and mortality among
preterm infants admitted to a tertiary care neonatal
intensive care unit.

Materials and Methods

Study Design and Setting

This randomized controlled study was conducted in
the Neonatal Intensive Care Unit (NICU) of the
Department of Pediatrics at Krishna Institute of
Medical Sciences, Karad.

Study Duration

The study was carried out over 18 months from April
2024 to September 2025.

Study Population

A total of 108 preterm infants born between 28 and
37 weeks gestation and weighing between 800 g and
2500 g were included in the study.

Inclusion Criteria

Preterm infants between 28 and 37 weeks gestation
Birth weight between 800 g and 2500 g

NICU admission during the study period

Exclusion Criteria

Major congenital malformations

Known chromosomal abnormalities

Group Allocation

Infants were divided into two groups:

Intervention Group

Infants received daily prophylactic Lactobacillus
rhamnosus GG supplementation (PRO GG Drops
0.2 mL = 6 drops once daily) after initiation of
enteral feeding until discharge.

Control Group

Infants did not receive probiotic supplementation.
Alternate patient allocation was used for group
assignment.

Stratification

Infants were further stratified according to birth
weight:

ELBW: 800-1000 g

VLBW: 1000-1500 g

LBW: 1500-2500 g

Outcome Measures

Primary Outcomes

Necrotizing enterocolitis

Neonatal sepsis

Secondary Outcomes

Feeding tolerance

Time to full enteral feeds

Weight gain

Length of hospital stay

Mortality

Safety assessment

Data Collection

Clinical data including gestational age, birth weight,
sex, APGAR scores, feeding outcomes, episodes of
feed intolerance, sepsis, NEC, duration of
hospitalization, and mortality were recorded
systematically.

Statistical Analysis

Categorical variables were expressed as frequencies
and percentages. Continuous variables were
expressed as mean =+ standard deviation.
Independent t-test and chi-square test were used for
statistical analysis. A p-value <0.05 was considered
statistically significant. Statistical analysis was
performed using SPSS version 23.

Results
A total of 108 preterm infants were enrolled in the
study, with 54 infants allocated to the probiotic
group and 54 infants allocated to the control group.
Baseline Demographic and Clinical
Characteristics

The  baseline demographic and  clinical
characteristics of infants in both groups were
comparable. Mean gestational age was 32.91 +2.69
weeks in the probiotic group and 32.91 +2.96 weeks
in the control group. Mean birth weight was also
similar between groups (1692.02 + 458.5 g vs
1694.90 + 443.23 g; p=0.8899). There were no
statistically significant differences regarding sex
distribution, APGAR scores, or birth-weight
categories.

Table 1. Baseline Demographic and Clinical
Characteristics of Infants in the Probiotic and
Control Groups

Variable

Probiotic | Control | p-

Group Group value
(n=54) (n=54)
Gestational 3291 £ |3291 =+ | 0.0525

age (weeks, | 2.69 2.96

mean + SD)

Birth weight | 1692.02 + | 1694.90 | 0.8899
(g, mean =+ | 458.5 +443.23

SD)

APGAR 4.85+0.83 | 489 £ | 0.4068
score at 1 0.79

min
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APGAR 7.56+1.10 | 748 + | 0.8033
score at 5 1.13
min
Male 30 31 0.85
(55.6%) (57.4%)
Female 24 23
(44.4%) (42.6%)
ELBW 12 13 0.07
(22.2%) (24.1%)
VLBW 26 26
(48.1%) (48.1%)
LBW 16 15
(29.6%) (27.8%)

Necrotizing Enterocolitis Outcomes

The incidence of NEC was significantly lower in the
probiotic group compared with the control group.
Overall NEC occurred in 9.3% of infants receiving
Lactobacillus rhamnosus GG compared with 29.6%
in the control group (p=0.014). No cases of Stage III
NEC were observed among probiotic-treated
infants.

Table 2. Necrotizing Enterocolitis (NEC)
Outcomes in Probiotic and Control Groups

Outcome | Probiotic Control p-
Group Group value
(n=54) (n=54)

No NEC | 49 (90.7%)
Stage 11 | 5(9.3%)
NEC
Stage 1II | 0 (0%) 3 (5.6%) 0.24
NEC
Any NEC | 5(9.3%)

Sepsis Outcomes

The occurrence of neonatal sepsis was significantly

lower in the probiotic group. Total sepsis occurred

38 (70.4%) | 0.002
13 (24.1%) | 0.069

16 (29.6%) | 0.014

in 11.1% of infants receiving probiotics compared
with 37.0% in controls (p=0.003).

Table 3. Sepsis Outcomes in Probiotic and
Control Groups

Outcome | Probiotic Control p-
Group Group value
(n=54) (n=54)

No sepsis | 48 (88.9%) 34 (63.0%) | 0.008

Total 6 (11.1%) 20 (37.0%) | 0.003

sepsis

Feeding Tolerance Outcomes

Infants receiving Lactobacillus rhamnosus GG
achieved full enteral feeds significantly earlier and
experienced fewer episodes of feed intolerance than
controls.

Table 4. Outcome of Lactobacillus rhamnosus
GG on Feeding Tolerance

Parameter Probiotic | Control | p-
Group Group value

Time to full | 13.3+£2.5 | 153 £ | 0.002

enteral feeds 3.8

(days)

Feed 1.7+£0.8 29+1.6 | <0.001

intolerance

episodes

Growth and Hospital Stay Outcomes

Significant improvement in growth parameters was
observed in the probiotic group. Infants receiving
probiotics had higher daily weight gain and shorter
duration of hospitalization compared with controls.
Table 5. Effect of Lactobacillus rhamnosus GG
on Growth and Hospital Stay

Outcome Probiotic | Control | p-
Group Group value

Weight gain | 19.5+£2.8 | 169 + | <0.001

(g/day) 3.7

Length of [ 2090 +| 2590 4+ | <0.001

hospital stay | 4.11 3.72

(days)

Mortality Outcomes

No mortality was observed in the probiotic group,
whereas mortality in the control group was 14.8%.
NEC-related mortality was also significantly lower
among infants receiving probiotics.

Table 6. Mortality Outcomes

Outcome Probiotic Control p-
Group Group value
(n=54) (n=54)

Overall 0 (0%) 8 (14.8%) | 0.003

mortality

NEC- 0 (0%) 5(09.3%) | 0.02

related

mortality

Sepsis- 0 (0%) 3 (5.6%) 0.08

related

mortality

Safety Assessment

No cases of probiotic-related sepsis or probiotic-
associated adverse effects were documented in the
probiotic group during the study period.

Table 7. Safety Assessment of Lactobacillus
rhamnosus GG

Adverse Event Probiotic

Group
Probiotic-related sepsis 0 (0%)
Probiotic-associated 0 (0%)
mortality

Weight Gain, Recovery, and Hospitalization
Outcomes
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Infants in the probiotic group demonstrated
significantly better recovery outcomes, including
higher discharge weight, greater mean weight gain,
earlier achievement of birth weight, and shorter
hospitalization duration.

Table 8. Weight Gain, Recovery, and
Hospitalization Outcomes in Probiotic and

Control Groups
Outcome Probiotic | Control | p-
Group Group value
Weight at | 1273.72 = | 1299.22 | 0.7374
admission (g) | 296.7 +299.43

Weight at | 2013.82 + | 1654.5 + | <0.001
discharge (g) | 358.46 331.04
Mean gain in | 740.09 + | 35491 + | <0.001

weight (g) 271.41 187.87

Day of | 13.62 +| 1691 =+ | <0.001
achieving 231 3.75

birth weight

Age at | 1531 =+ | 17.37 £ 0.002
discharge 3.34 3.03

Duration 18+3 225 £+ <0.001
from 1.7

probiotic

initiation till

discharge

Outcomes Stratified by Birth Weight Categories
The beneficial effects of probiotics were more
pronounced among ELBW and VLBW infants.
Significant reductions in NEC, sepsis, mortality, and
hospital stay were observed across birth-weight
categories.

Table 9. Outcomes Stratified by Birth Weight
Categories

Outcom | ELBW VLBW LBW
e
Reduced | Significan | Significan | Mild

NEC t t reduction
Reduced | Significan | Significan | Moderate
sepsis t t reduction
Improve | Significan | Significan | Significan
d feeding | t t t
tolerance

Reduced | Significan | Significan | Minimal

mortality | t t difference
Reduced | Significan | Significan | Significan
hospital | t t t

stay

Outcomes Stratified by Gestational Age
Infants with lower gestational age derived greater
benefit from probiotic supplementation, especially

regarding NEC reduction, mortality reduction, and
improved growth outcomes.
Table 10. Outcomes Stratified by Gestational Age

(GA)
Outcome GA 2832 | GA 32-37
Weeks Weeks
Improved Significant Significant
weight gain
Reduced Significant Significant

hospital stay
Reduced NEC | Significant

Not statistically

significant
Reduced Significant Not statistically
mortality significant
Improved Significant Significant
feeding
tolerance

Overall Clinical Outcomes

Overall analysis demonstrated significant clinical
improvement among infants receiving Lactobacillus
rhamnosus GG supplementation.

Table 11. Clinical Outcomes in Probiotic and

Control Groups
Clinical Probiotic | Control | p-
Outcome Group Group value
NEC 9.3% 29.6% 0.014
Sepsis 11.1% 37.0% 0.003
Mortality 0% 14.8% 0.003
Time to full | 13.3+2.5 | 153 £ | 0.002
feeds (days) 3.8
Feed 1.7+£0.8 29+1.6 | <0.001
intolerance
episodes
Weight gain | 19.5+2.8 | 16.9 £ | <0.001
(g/day) 3.7
Hospital stay | 20.9+4.1 | 259 +£ | <0.001
(days) 3.7

Discussion

The present randomized controlled study evaluated
the efficacy and safety of daily prophylactic
Lactobacillus rhamnosus GG (LGG)
supplementation in preventing early complications
among preterm infants. The findings demonstrated
significant reductions in necrotizing enterocolitis
(NEC), neonatal sepsis, feed intolerance, duration of
hospitalization, and mortality, along with improved
weight gain and feeding outcomes in the probiotic
group compared with controls. These findings are
consistent with previous neonatal probiotic studies
demonstrating beneficial effects of probiotic
supplementation in premature infants [1,2].
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One of the most important findings of this study was
the marked reduction in NEC incidence among
infants receiving LGG supplementation. NEC
occurred in only 9.3% of infants in the probiotic
group compared with 29.6% in the control group.
NEC remains one of the most devastating
gastrointestinal emergencies in preterm neonates,
particularly among ELBW and VLBW infants, and
is associated with high mortality and long-term
morbidity [3,4]. The observed reduction in NEC in
the present study is comparable to findings reported
by Manzoni et al. and van den Akker et al., who
demonstrated that probiotic supplementation
significantly reduces NEC incidence in preterm
infants [5,6].

The protective effect of LGG may be explained by
several ~ mechanisms. Probiotics ~ promote
colonization with Dbeneficial intestinal flora,
suppress  pathogenic  bacterial  overgrowth,
strengthen intestinal epithelial barrier integrity, and
regulate inflammatory cytokine responses [7,8].
Preterm infants frequently exhibit delayed
establishment of healthy gut microbiota,
predisposing them to exaggerated inflammatory
responses and intestinal injury [9]. LGG
supplementation likely contributed to stabilization
of the neonatal gut microbiome, thereby lowering
susceptibility to NEC and intestinal inflammation
[10].

A significant reduction in neonatal sepsis was also
observed in the probiotic group, with sepsis rates
decreasing from 37.0% in controls to 11.1% among
probiotic-treated infants. Neonatal sepsis remains a
major cause of mortality in NICUs, especially in
resource-limited  settings ~ where  prolonged
hospitalization, invasive procedures, and immature
immune systems increase infection risk [11]. Similar
reductions in sepsis have been documented in
previous studies evaluating probiotics in very low
birth weight neonates [5,12].

The immunomodulatory properties of LGG are
believed to play a crucial role in preventing systemic
infections.  Lactobacillus  species  stimulate
production of protective cytokines, improve
intestinal mucosal defense, and reduce colonization
by pathogenic organisms [13]. Improved gut barrier
function may further prevent microbial translocation
into the bloodstream, thereby reducing late-onset
sepsis [14]. Meta-analyses by Sharif et al. and
Athalye-Jape et al. also reported lower sepsis rates
in  preterm  infants  receiving  probiotic
supplementation [15,16].

Feeding intolerance is another frequent challenge in
preterm neonates and often delays achievement of
full enteral nutrition. In the present study, infants
receiving probiotics achieved full enteral feeds
significantly earlier and experienced fewer feed
intolerance episodes. Earlier tolerance of enteral
feeds has important clinical implications because
prolonged dependence on parenteral nutrition
increases the risk of catheter-related infections,
cholestasis, and prolonged hospitalization [17].

The improvement in feeding tolerance observed
with LGG supplementation may be attributed to
enhanced intestinal motility, improved mucosal
maturation, and stabilization of gut microbial
composition [18]. Probiotic supplementation may
also reduce intestinal inflammation and improve
nutrient absorption, facilitating earlier progression
to full feeds [19]. Similar improvements in feeding
outcomes have been reported in studies conducted
by Wu et al. and Beghetti et al. [20,21].

Growth outcomes were significantly better in the
probiotic  group. Infants receiving LGG
demonstrated higher daily weight gain, greater
discharge weight, and earlier achievement of birth
weight compared with controls. Adequate postnatal
growth is a major determinant of survival and
neurodevelopment in preterm infants [22].
Improved feeding tolerance and reduced systemic
inflammation likely contributed to better nutritional
recovery and growth in probiotic-treated neonates
[23].

An additional clinically relevant finding of the
present study was the significant reduction in
duration of hospitalization among infants receiving
probiotics. Mean hospital stay was reduced by
approximately five days in the probiotic group.
Prolonged NICU admission is associated with
increased healthcare costs, nosocomial infections,
parental stress, and resource burden [24]. Reduction
in hospital stay therefore has substantial
implications for both patient outcomes and
healthcare systems, particularly in high-volume
neonatal units [25].

Mortality outcomes were particularly notable in this
study. No deaths were observed in the probiotic
group, whereas the control group demonstrated
14.8% mortality. NEC-related mortality was also
significantly lower among probiotic-treated infants.
The reduction in mortality likely reflects the
combined reduction in NEC, sepsis, and feeding-
related complications observed with LGG
supplementation [26]. Similar mortality benefits
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associated with probiotic administration have been
reported in several systematic reviews and
multicenter neonatal trials [6,27].

Subgroup analysis demonstrated that the benefits of
probiotics were especially pronounced among
ELBW and VLBW infants. These neonates are at
highest risk for gastrointestinal complications,
sepsis, feeding difficulties, and mortality because of
profound physiological immaturity [28]. The greater
benefit observed in these high-risk categories
suggests that targeted probiotic supplementation
may be particularly valuable in extremely
vulnerable neonatal populations [29].

Safety remains a major consideration during
probiotic administration in preterm infants.
Concerns have been raised regarding the possibility
of probiotic-associated bacteremia or sepsis,
especially in immunocompromised neonates [30].
Importantly, no cases of probiotic-related sepsis or
adverse events were observed in the present study.
This finding supports the safety profile of
Lactobacillus rhamnosus GG when administered
under controlled clinical conditions with proper
monitoring and quality assurance [31].

The findings of the present study are especially
relevant in the Indian neonatal context. India
contributes significantly to the global burden of
preterm births and neonatal mortality [32]. Despite
growing international evidence supporting probiotic
use, routine implementation in Indian NICUs
remains inconsistent due to concerns regarding
standardization, strain selection, product quality,
and limited indigenous clinical data [33]. The
present study therefore contributes valuable Indian
evidence supporting the efficacy and safety of LGG
supplementation in preterm neonates.

However, certain limitations must be acknowledged.
The study was conducted at a single tertiary care
center with a relatively modest sample size.
Alternate patient allocation rather than computer-
generated randomization was used, which may
introduce allocation bias. Long-term
neurodevelopmental outcomes were not evaluated.
Additionally, microbiological assessment of gut
colonization patterns was not performed. Larger
multicentric randomized trials with long-term
follow-up are required to establish standardized
probiotic protocols regarding strain selection,
dosing, duration, and timing of initiation [34].
Overall, the present study demonstrates that
prophylactic ~ Lactobacillus ~ rhamnosus GG
supplementation significantly improves clinical

outcomes in preterm infants by reducing NEC,
sepsis, mortality, and feeding intolerance while
promoting growth and earlier discharge. These
findings support the incorporation of evidence-
based probiotic supplementation into neonatal care
protocols for high-risk preterm populations [35].

Conclusion

Daily  prophylactic =~ supplementation  with
Lactobacillus rhamnosus GG significantly reduced
NEC, neonatal sepsis, feeding intolerance, mortality,
and hospital stay while improving growth outcomes
in preterm infants. The intervention was safe and
particularly beneficial among ELBW and VLBW
neonates. Routine probiotic supplementation may
serve as an effective adjunctive strategy in neonatal
intensive care units to improve outcomes among
preterm infants.

Limitations

Single-center study

Relatively small sample size

Short-term follow-up

Long-term neurodevelopmental outcomes were not
assessed
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