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Abstract
Aim: To evaluate whether routine probiotic supplementation 
prevents necrotizing enterocolitis (NEC) in preterm neonates

Materials and Methods: This was a retrospective cohort study, 
which included 663 neonates with birth weight ≤ 1500 g or 
gestational age ≤ 32 weeks. Of the 663 neonates, 354 were 
administered probiotics before the initiation of enteral feeds at 
a dosage of 0.0625 x 109 cells BID till 35 weeks of postmenstrual 
age or until discharge from the neonatal intensive care unit. 
The remaining 309 neonates served as the standard group.  

Routine use of probiotics in neonates was commenced in our 
unit from October 1, 2013. We compared the incidence of NEC 
and mortality in the probiotic group (between October 1, 2013, 
and June 30, 2015) with that of the standard group (between 
January 1, 2012, and September 30, 2013). The main outcome 
was the incidence of NEC ≥ Bell stage II. 

Results: Introduction of probiotics was associated with an 
absolute reduction in NEC (from 9.71% to 4.8%; unadjusted OR 
= 0.47; 95% CI: 0.25–0.86; P < .015; relative difference = 4.9%; 
number needed to treat = 21) and a nonsignificant reduction 
in the combined outcome of mortality or NEC (from 23.9% 
to 19.8%, P > .05). After adjusting for potential confounders, 
improvement was marginally significant for NEC (adjusted OR 
= 0.52, 95% CI: 0.28–0.99, P = .05). 

*Correspondence 
Dr Nandkishor Shrikishanji Kabra 
Director NICU  
4th Floor, New Block 
Surya Children’s Hospital 
Swami Vivekananda Road 
Santacruz West 
Mumbai 400054, Maharashtra 
India

E-mail: nskabra@gmail.com



42 • PERINATOLOGY • Vol 18 • No. 2 • Jul–Sep 2017

Garg BD, et al. Prophylactic Probiotics for Prevention of Necrotizing Enterocolitis

Research Article

Conclusions: Probiotic supplementation significantly reduced 
the incidence of NEC ≥ Bell stage II in preterm neonates. There 
was no definite reduction in late-onset sepsis or mortality. 
However, the neonates on probiotic supplementation had less 
feed intolerance, reached full feeds faster, and showed better 
weight gain than neonates in the standard group. A reduction 
in the duration of hospital stay was observed in the probiotic 
supplementation group.

Key Words: Necrotizing enterocolitis, enteral feeds, expressed 
breast milk, feed intolerance, Lactobacillus acidophilus, Bifido-
bacterium longum, Saccharomyces boulardii, late-onset sepsis

Introduction
Necrotizing enterocolitis (NEC) is the most common 
and serious cause of neonatal morbidity that affects 
the gastrointestinal tract.1 The advances in neonatal 
intensive care in the last 2 decades have not brought 
about a significant reduction in the incidence of NEC 
in preterm neonates.2 A study by Hintz et al3 (2005) 
reports that NEC affects about 7% to 14% of very-low-
birth-weight (VLBW) neonates.3 As per studies carried 
out in the United States (2006) and Australia (2014), 
NEC has a significant mortality rate of 15% to 30%4,5 
among VLBW neonates. A study conducted by the 
National Institute of Child Health and Human Devel-
opment neonatal network (2001) reports that mortality 
rate in extremely low-birth-weight (ELBW) neonates 
varies from 45% to 100%.6 Most importantly, ELBW 
neonates who require surgical intervention are also at 
an increased risk of long-term neurodevelopmental 
impairment.6

Strategies for the prevention of NEC include admin-
istering antenatal steroids (ANSs), following exclusive 
breastfeeding, standardizing feeding protocol, imple-
menting aggressive prevention and treatment meas-
ures for sepsis, and including bovine lactoferrin and 
probiotics in neonatal diet.7 Effect of inclusion of argi-
nine8 and human milk oligosaccharides9 in neonatal 
diet is being studied. Among all these strategies,  
probiotic  supplementation, which is found to bring 
about an approximately 50% relative reduction in the 
rate of incidence of NEC in VLBW neonates,10-14 seems 
to be an effective intervention.

Probiotics are live microorganisms, which when 
included in the diet in adequate quantity can bestow 
health benefits on the host.15 The most frequently used 
bacterial genera in randomized controlled trials (RCTs) 
and observational studies are Lactobacillus and Bifido-
bacterium. The use of probiotics for the prevention of 
NEC in preterm neonates has been extensively investi-
gated in many RCTs, whose results have been summa-
rized in systematic reviews and meta-analyses.10-14 
Evidence from these meta-analyses show a 43% to 67% 
relative reduction in NEC and a 23% to 58% relative 
reduction in mortality with the routine use of probiotics 
in VLBW neonates. Two systematic reviews of observa-
tional studies on prophylactic probiotics show a 45% to 
49% relative reduction in NEC and 28% relative reduc-
tion in mortality.14,16 A study by Samanta et al17 shows 
a risk reduction in the incidence of NEC Bell stage III 
or II from 15.8% in the control group to 1.1% in the 
probiotic group; however, the sample size in this study 
was relatively small. An RCT conducted in a commu-
nity setting in India, in low-birth-weight neonates, 
failed to demonstrate a decrease in the incidence of late-
onset sepsis.18 Thus, we hypothesized that prophylactic 
supplementation of probiotics reduces the risk of NEC 
in preterm neonates admitted in the neonatal inten-
sive care unit (NICU) and this study was conducted to 
assess the same.

Aim
To evaluate whether routine probiotic supplementation 
prevents NEC in preterm neonates
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Materials and Methods
Study design
This retrospective cohort study was conducted at a 
tertiary level NICU of Surya Children’s Hospital 
(Mumbai, Maharashtra, India). At our hospital, 
detailed medical records of all neonates admitted are 
maintained, and this information was used for data 
collection.

As this was a retrospective study, seeking parental 
consent was not felt necessary. The ethics committee of 
our hospital granted consent waiver.

Inclusion criteria
A total of 663 neonates with birth weight ≤ 1500 g 
or gestational age ≤ 32 weeks, who were born in our 
hospital or transferred to our hospital before initiation 
of enteral feeds, were enrolled for the study. 

Exclusion criteria
Neonates with lethal congenital anomalies, gastroin-
testinal malformations, severe asphyxia (stage III), and 
cyanotic congenital heart disease were excluded.

Study procedure
Routine use of probiotics in neonates was commenced 
in our unit from October 1, 2013. We compared the 
incidence of NEC and mortality in the probiotic group 
(during the period from October 1, 2013 to June 30, 
2015) with that of the standard group (during the 
period from January 1, 2012 to September 30, 2013). 

Of the 663 neonates enrolled, 309 neonates were 
assigned to the standard group and 354 neonates were 
assigned to the probiotic group. Probiotics were admin-
istered before the initiation of enteral feeds. We used 
a multistrain probiotic preparation containing 0.125 x 
109 cells of Lactobacillus acidophilus, Lactobacillus 
rhamnosus, Bifidobacterium longum, and Saccharomyces 
boulardii (Darolac 1 g sachet; Aristo Pharmaceutical 
Pvt Ltd, Mumbai, Maharashtra, India). One sachet of 
Darolac was dissolved in 4 mL of distilled water. Dosage 
of probiotics was 0.0625 x 109 cells BID. Probiotics were 
continued up to 35 weeks of postmenstrual age or until 

NICU discharge, whichever was earlier. The probiotics 
were temporarily withheld when feeds were interrupted 
and restarted along with feeds.

As per our unit policy, a precise feeding schedule was 
decided for each neonate, indicating the amount and 
timing of feeds. Minimal enteral feeds were started 
between day 3 and day 5 of birth. Starting as well as 
advancing volume of the feeds were 20 to 40 mL/kg/d. 
The total feeds scheduled per day were divided into 
8 or 12 feeds. The feeds were administered through 
an indwelling orogastric tube. Expressed breast milk 
(EBM) was preferred. In case of inadequacy or unavail-
ability of breast milk, a preterm formula was used. As 
per our unit policy, neonates with ≤ 30 weeks of gesta-
tional age were strictly on EBM or donor human milk. 
Neonates with > 30 weeks of gestational age were on 
EBM or preterm formula milk, depending on the avail-
ability of EBM. Feed intolerance was defined as exces-
sive prefeed gastric aspirates (> 50% volume of the 
previous feed), bilious or blood-stained gastric aspirate, 
increase in abdominal girth by 2 cm or more in the 
previous 6 hours, or gross blood in stools.

Baseline characteristics were grouped into maternal 
and neonatal characteristics. Definite NEC was defined 
according to modified Bells classification19 (stage II or 
III). Only neonates with a radiographic/sonographic 
diagnosis of pneumatosis or portal venous perforation 
were considered as having NEC. Cases of spontaneous 
focal intestinal perforation, defined as isolated perfora-
tion in a normal-appearing bowel without features of 
NEC such as pneumatosis intestinalis or necrosis, were 
not classified as NEC.20

Late-onset sepsis (after 7 days of life) was 
defined by (a) positive blood culture, cerebro-
spinal fluid culture, or urine culture or (b) clin-
ical signs of sepsis with C-reactive protein  
> 10 mg/L. A neonate was considered as exposed to 
ANS if the mother was administered at least 1 dose 
of steroids 6 hours before delivery. Parameters such as 
small for gestational age (SGA), prolonged rupture of 
amniotic membranes, chorioamnionitis, gestational 
diabetes mellitus, pregnancy-induced hypertension 
(PIH), asphyxia, respiratory distress syndrome (RDS), 
hemodynamically significant patent ductus arteriosus 
(hs-PDA), intraventricular hemorrhage (IVH) defined 
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according to Papile et al grading,21 periventricular 
leukomalacia, chronic lung disease (CLD; oxygen 
requirement at 36 wk of postmenstrual age), sepsis, 
and indications for surfactant and ibuprofen/paracet-
amol were defined as per the standard protocol. Time 
to reach full feeds was defined as time to reach feed 
volumes of 150 mL/kg/d. Weight gain (g/kg/d) was 
defined as the average daily weight gain per kilogram 
birth weight from the time of regaining birth weight till 
the date of discharge.

Sample size calculation
Baseline NEC incidence in our unit in neonates with 
a gestational age ≤ 32 weeks or birth weight ≤ 1500 g 
was 7%. We anticipated a relative reduction of NEC by 
50%, as published in the meta-analyses,10-14 and calcu-
lated a sample size of 296 patients as the minimum 
sample size for each cohort (α error < 0.05; power 80%).

Statistical analysis 
Descriptive statistics were used to describe the base-
line outcome variables. Fisher exact test was used to 
compare categorical data. Continuous variables were 
analyzed using Student two-sample t test and Mann–
Whitney U test as appropriate. A multivariate regres-
sion model was constructed to account for confounding 
because of potential risk factors such as gestational age, 
birth weight, male gender, multiple gestation, SGA 
status, maternal chorioamnionitis, hs-PDA, ANS expo-
sure, and formula feed. P values < .05 were regarded as 
statistically significant. All P values were 2 sided and 
were not adjusted for multiple comparison. Data were 
analyzed using SPSS version 18 software (SPSS Inc, 
Chicago, IL, USA).

Results
Baseline characteristics and clinical outcomes of both 
the standard and probiotic groups are shown in Tables 
1 and 2, respectively. After the study, it was observed 
that the number of neonates born through cesarean 
delivery and mothers with PIH was significantly high 
in the probiotic group. Chorioamnionitis and base-
line ventilation were significantly high in the standard 
group. Other baseline characteristics were comparable 
in both the groups.

Table 1. Baseline Characteristics

Baseline 
Characteristics

Standard 
Group 

(n = 309)

Probiotic 
Group 

(n = 354)

Mean 
Difference/

Relative 
Risk  

(95% CI)

P Values

Neonatal Characteristics

Gestational age, 
wk

30.22  
(± 2.92)

30.10  
(± 2.85)

0.12 
(− 0.32 to 

0.56)
.59

Birth weight, g 1150.33  
(± 303.65)

1177.50  
(± 323.89)

− 27.17 
(− 75.26 to 

20.92)
.26

HC at birth, cm 27.45  
(± 2.19)

28.36  
(± 2.53)

− 0.91 
(− 1.27 to 
− 0.54)

< .001a

Body length at 
birth, cm

38.19  
(± 3.13)

38.22  
(± 3.21)

− 0.02 
(− 0.51 to 

0.45)
.914

Number of male 
neonates 

151 
(48.87%)

194 
(54.80%) 1.121 .139

Multiple gestation 117 
(37.86%)

135 
(38.14%) 1.007 1.000

SGA 89 
(28.80%)

93 
(26.27%) 0.912 .486

Early-onset 
sepsis

115 
(37.22%)

115 
(32.49%) 0.872 .220

PDA 125 
(40.45%)

121 
(34.18%) 0.844 .107

RDS 263 
(85.11%)

322 
(90.96%) 1.068 .022a

Surfactant 238 
(77.02%)

259 
(73.16%) 0.949 .281

Mixed feeding 163 
(52.75%)

190 
(53.67%) 1.017 .815

Umbilical Arterial Line
Umbilical arterial 
line catheter,  
n (%) 

54 
(17.48%)

44 
(12.43%) 0.711 .079

Umbilical arterial 
line catheter in 
situ, d 

5 (4–5) 5 (4–5) NA 1.000

Baseline Ventilation
Mechanical 
ventilation, n (%)

165 
(53.4%)

115 
(32.49%) 0.608 < .001a

Mechanical 
ventilation, d 4 (2–6) 4 (2–6) NA < .001a

Maternal Characteristics

Maternal age, y 30.81  
(± 5.11)

31.10  
(± 5.29)

− 0.287 
(− 1.08 to 

0.51)
.48
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ANS 215 
(69.58%)

261 
(73.73%) 1.059 .261

Cesarean delivery 216 
(69.90%)

278 
(78.53%) 1.123 .012a

PIH 83 
(26.86%)

128 
(36.16%) 1.346 .012a

GDM 15 (4.85%) 17 (4.80%) 0.989 1.000

Chorioamnionitis 54 
(17.48%) 7 (1.98%) 0.113 < .001a

Continuous data are expressed as mean (± SD) or median (25th centile–75th centile). 
Categorical data are expressed as n (%).  
ANS, antenatal steroids; GDM, gestational diabetes mellitus; HC, head circumference; NA, 
not applicable; PDA, patent ductus arteriosus; PIH, pregnancy-induced hypertension; RDS, 
respiratory distress syndrome; SGA, small for gestational age. 
aP < .05, significant.

Table 2. Primary and Secondary Outcomes 

Outcomes
Standard 

Group 
(n = 309)

Probiotic 
Group 

(n = 354)

Mean 
Difference/ 

Relative 
Risk (95% 

CI)

Odds 
Ratio 
(95% 
CI)

P 
Values

Primary Outcome

NEC 30 (9.71%) 17 (4.80%)
0.494 
(0.28–
0.88)

0.47 
(0.25–
0.86)

.015

Secondary Outcomes

Transfusion-
related NEC 4 (1.29%) 3 (0.85%) 0.658 

(0.15–2.9)

0.65 
(0.16–
2.62)

.711

All-cause 
mortalitya

44 
(16.48%)

51 
(17.00%)

1.03 
(0.71–
1.49)

1.04 
(0.67–
1.61)

.911

Mortality/
NECb

65 
(23.99%)

60 
(19.80%)

0.825 
(0.60–
1.12)

0.78 
(0.52–
1.16)

.265

Weight gain, 
g/kg/d

17.6 
(7.2–23.5)

20.5 
(8.6–25.6) NA NA .015

HC, cm/wk 0.126 
(0–0.548)

0.549 
(0–0.735) NA NA < .001

Increase in 
body length, 
cm/wk

0.607 
(0.188–
0.877)

0.623 
(0.155–
0.857)

NA NA .96

Duration 
of hospital 
stay, d

34 (21–54) 30 (16–49) NA NA .02

Time to 
reach full 
enteral 
feeds, d

9 (6–13) 7 (5–10) NA NA < .001

Time to 
regain birth 
weight, d

10 (8–14) 10 (6–15) NA NA .17

Duration of 
respiratory 
support, d

9 (5–24) 8 (4–18) NA NA .23

Late-onset 
sepsis

100 
(32.36%)

94 
(26.55%)

0.820 
(0.65–
1.04)

0.75 
(0.54–
1.05)

.105

Any IVH 23 (7.44%) 47 
(13.28%)

1.784 
(1.11–
2.87)

1.9 
(1.13–
3.20)

.016

Severe IVH 7 (2.27%) 22 (6.21%)
2.735 
(1.19–
6.33)

2.86 
(1.23–
6.63)

.013

PVL 6 (1.94%) 13 (3.67%)
1.891 
(0.73–
4.91)

1.92 
(0.75–
4.95)

.244

ROP 
requiring 
treatment

70 
(22.65%)

55 
(15.54%)

0.686 
(0.49–
0.94)

0.63 
(0.42–
0.93)

.022

Feed 
intolerance

170 
(55.02%)

132 
(37.29%)

0.677 
(0.57–
0.80)

0.49 
(0.35–
0.66)

< .001

Noninvasive 
ventilation

150 
(48.54%)

233 
(65.82%)

1.355 
(1.18–
1.56)

2.06 
(1.51–
2.82)

< .001

Oxygen 254 
(82.20%)

276 
(77.97%)

0.948 
(0.88–
1.02)

0.77 
(0.52–
1.12)

.206

CLD 58 
(18.77%)

40 
(11.30%)

0.602 
(0.41–
0.87)

0.55 
(0.36–
0.85)

.008

Median 
age at 
presentation 
of NEC

16.5 
(12–23) 21 (18–28) NA NA .07

Continuous data are expressed as mean (± SD) or median (25th centile–75th centile).  
Categorical are data expressed as n (%).  
CLD, chronic lung disease; HC, head circumference; IVH, intraventricular hemorrhage; 
NA, not applicable; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; ROP, 
retinopathy of prematurity. 
aDenominator in the standard group was 267 and that in the probiotic group was 300 (rest of 
the neonates were transferred out of our hospital before this outcome could be measured).  
bDenominator in the standard group was 271 and that in the probiotic group was 303 (rest of 
the neonates were transferred out of our hospital before this outcome could be measured). 
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Table 2 shows that the primary outcome NEC occurred 
in 9.71% of neonates in the standard group and in 4.8% 
of neonates in the probiotic group. The unadjusted 
odds of NEC decreased by 53% if probiotics were used 
compared with the standard group (OR = 0.47; 95% 
CI: 0.25–0.86; P = .015; absolute risk difference [RD] = 
4.9%; number needed to treat [NNT] = 21). There was 
no significant difference in the mortality or composite 
outcome of death/NEC between the 2 groups. Time 
of onset of NEC was also not statistically significant in 
both the groups (16.5 d in the standard group vs 21 d in 
the probiotic group).

As this was a retrospective cohort study, the outcomes 
are likely to be influenced by the effect of 2 different 
time periods. Improvement in NICU care, difference 
in baseline characteristics, increased use of noninvasive 
ventilation, aggressive enteral nutrition, human milk–
based feeding practices, and lesser rate of infections are 
also likely to influence the outcome. 

Univariate regression analysis revealed that neonates 
with NEC were significantly on mixed feeding and 
had significantly higher rate of invasive ventilation. To 
our surprise, we found that being SGA was associated 
with less risk of NEC. Baseline variables such as risk 
of PIH, chorioamnionitis, rate of cesarean section, head 
circumference (HC) at birth, and frequency of RDS 
were significantly different between the 2 study groups. 
A multivariate logistic regression model was built to 
adjust for these potential confounders. The outcome of 
interest in this study was incidence of definite NEC as 
the dependent variable and all other parameters were 
included as explanatory variables.

The adjusted odds of NEC in the probiotic group was 
0.52; the odds of NEC decreased by 48% after probiotic 
supplementation and this was marginally significant 
(OR = 0.52; 95% CI: 0.28–0.99; P = .05). However, 
higher invasive ventilation rate in the standard group 
and noninvasive ventilation in the probiotic group 
indicate a temporal trend toward noninvasive venti-
lation rather than a disparity in the lung disease in 
both the groups. Therefore, an additional analysis was 
performed, where baseline ventilation was not included 
in this regression model (adjusted OR = 0.45; 95% CI: 

0.24–0.85; P = .014). Goodness of fit was tested for this 
model, which confirmed that our model fit the data 
well (Hosmer–Lemeshow test, P = .089).

There was no significant effect of probiotic supplemen-
tation on the incidence of late-onset sepsis. Neonates 
in the probiotic group reached full feeds significantly 
earlier and showed better weight gain (g/kg/d) than 
neonates in the standard group. Neonates in the probiotic 
group experienced significantly less feed intolerance. 
Median duration of hospital stay was significantly 
less  n the probiotic group. Clinical outcomes such as 
ROP that required treatment and CLD were signifi-
cantly lower in the probiotic group. However, the inci-
dence of any IVH or severe IVH was significantly 
high in the probiotic group (P = .016 and P = .013, 
respectively).

Table 3 details a subgroup analysis of neonates weighing 
≤ 1000 g. There were 103 neonates in the standard 
group and 111 neonates in the probiotic group. The rate 
of NEC decreased from 12.6% to 7.2% (absolute RD = 
5.41%).
Table 3. Subgroup Analysis (Neonates With Birth 
Weight ≤ 1000 g)

Parameters
Standard 

Group 
(n = 103)

Probiotic 
Group 

(n = 111)

Mean 
Difference/

Relative 
Risk (95% 

CI)

Odds 
Ratio 
(95% 
CI)

P 
Values

NEC 13 
(12.62%)

8 
(7.21%)

0.571 
(0.24–
1.32)

0.54 
(0.22–
1.32)

.250

All-Cause 
Mortalitya

29 
(32.22%)

37 
(36.63%)

1.136 
(0.77–
1.69)

1.22 
(0.67–
2.20)

.545

Mortality/
NECb

38 
(41.76%)

40 
(39.22%)

0.939 
(0.67–
1.32)

0.90 
(0.51–
1.60)

.770

Weight 
Gain, g/kg/d

19.3 
(0–24.3)

21.7 
(0–27.5) NA NA .429

HC, cm/wk 0.126 
(0–0.523)

0.401 
(0–

0.641)
NA NA .055

Increase 
in Body 
Length, cm/
wk

0.523 
(0–0.818)

0.398 
(0–

0.743)
NA NA .146
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Time to 
Reach Full 
Enteral 
Feeds, d

13 (9–15) 8.5 
(6–14) NA NA .008

Time to 
Regain Birth 
Weight, d

14 (10–18) 13 (8–16) NA NA .038

Duration 
of Hospital 
Stay, d

56 (19–86) 50 (9–66) NA NA .033

Duration of 
Respiratory 
Support, d

26 (6–52) 18 (7–44) NA NA .239

Median 
Age at 
Presentation 
of NEC

16 (13–23) 20.5 
(13–28) NA NA .490

Late-Onset 
Sepsis

45 
(43.69%)

35 
(31.53%)

0.721 
(0.51–1.02)

0.59 
(0.34–
1.03)

.089

Any IVH 17 
(16.5%)

27 
(24.32%)

1.473 
(0.85–2.54)

1.62 
(0.83–
3.18)

.178

Severe IVH 5 (4.85%) 14 
(12.61%)

2.60 
(0.97–6.96)

2.83 
(1.02–
7.84)

.055

PVL 2 (1.94%) 4 (3.6%) 1.855 
(0.35–9.92)

1.89 
(0.39–

∞)
.684

ROP 
Requiring 
Treatment

36 
(34.95%)

28 
(25.23%)

0.721 
(0.48–1.09)

0.63 
(0.35–
1.13)

.136

Feed 
Intolerance

73 
(70.87%)

44 
(39.64%)

0.559 
(0.43–0.72)

0.27 
(0.15–
0.48)

< .001

CLD 44 
(42.72%)

30 
(27.03%)

0.632 
(0.43–0.92)

0.49 
(0.28–
0.88)

.021

Continuous data are expressed as mean (± SD) or median (25th centile–75th centile).  
Categorical data are expressed as n (%).  
CLD, chronic lung disease; HC, head circumference; IVH, intraventricular hemorrhage; 
NA, not applicable; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; ROP, 
retinopathy of prematurity. 
aDenominator in the standard group was 90 and that in the probiotic group was 101 (rest of 
the neonates were transferred out of our hospital before this outcome could be measured). 
bDenominator in the standard group was 91 and that in the probiotic group was 102 (rest of 
the neonates were transferred out of our hospital before this outcome could be measured).

Discussion
In this study, we found that introduction of probiotics 
reduced the rate of NEC (≥ Bell stage II) from 9.71% 
to 4.8% (51% relative reduction, 4.9% absolute reduc-
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tion, NNT = 21). We also found that weight gain  
(g/kg/d) and gain in HC per week were better in the 
probiotic group than in the standard group. Neonates 
in the probiotic group reached full feeds earlier and had 
shorter duration of hospital stay than neonates in the 
standard group. The rate of feed intolerance was lower 
in the probiotic group.

The strength of this study was its large sample size, 
which helped to detect the differences in primary 
outcome. The limitation of this study was its retrospec-
tive nature that introduces various biases as mentioned 
earlier. However, we undertook adjusted analysis to 
address these issues.

Results of our study are similar to several studies, 
including the systematic reviews.10-14,22-25 Various indi-
vidual RCTs revealed 55% to 90% relative reduction 
of NEC with probiotic supplementation.22-25 Evidence 
from a meta-analysis of RCTs demonstrates 43% to 
67% relative reduction in NEC and a meta-analysis of 
observational studies demonstrates 45% to 49% relative 
reduction in NEC.10-14,16 

In this study, in subgroup analysis of neonates weighing 
≤ 1000 g, the rate of NEC (≥ Bell stage II) decreased 
from 12.62% to 7.21% (RD = 5.4%). However, it did 
not reach a statistically significant level because our 
study was underpowered for this subgroup analysis.

In this study, we used a multispecies probiotic supplement. 
There are at least 12 trials in which multispecies probiotic 
supplements (2 or more) were used. The subgroup meta-
analysis of these trials demonstrated a 59% to 63% (statis-
tically significant) relative reduction in the incidence of 
NEC after the inclusion of probiotics.12,13,26 The dosage 
of probiotics used in our study was 0.125 x 109 cells/d. 
Evidence indicates that to be functional, probiotics 
should be viable and in sufficient doses, typically 
ranging from 106 to 107 cfu/g of the product.27,28

Evidence from meta-analyses demonstrates a statis-
tically significant relative reduction (23%–58%) in 
all-cause mortality in VLBW neonates10-12,26 but a statis-
tically insignificant reduction in all-cause mortality in 
ELBW neonates.12,27 A meta-analysis of observational 
studies further supports this observation.14,16 In this 
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study, we did not find any difference in the incidence of 
mortality or composite outcomes of NEC between the 
2 groups. The findings of this study are similar to the 
findings in several RCTs.24,25,29,30 However, according 
to expert reviews, evidence for mortality reduction is 
as conclusive as that for other well-established interven-
tions such as ANS, surfactant, and cooling.7,12,31,32 In 
this study, probiotics had no effect on the incidence of 
late-onset sepsis, which is similar to the observations in 
some meta-analyses12,26 and ProPrems trial.25 A study by 
Lin et al33 shows that probiotics reduce the incidence of 
late-onset sepsis in VLBW neonates. In this study, none 
of the neonates with late-onset sepsis had Lactobacillus, 
Bifidobacterium, or Saccharomyces bacteremia.

In this study, probiotics showed a statistically signifi-
cant effect on the reduction of feed intolerance and 
early establishment of full enteral feeds, which in turn 
contributed to better weight gain and reduced the dura-
tion of hospital stay among neonates in the probiotic 
group. Studies by Rougé et al34 and Oncel et al35 also 
demonstrate a similar reduction in the time to reach 
full enteral feeds. However, a study by Sari et al36 shows 
no statistically significant weight gain in the probiotic 
group, which is contrasting to the findings of this study. 
In this study, the probiotic group had significant gain 
in HC per week, which was most probably due to early 
establishment of full feeds and better weight gain. The 
significant decrease in the incidence of CLD and ROP 
(requiring treatment) in the probiotic group was most 
probably due to the increased use of noninvasive venti-
lation and decreased use of invasive ventilation in our 
unit after October 2013. The significant increase in the 
incidence of any IVH or severe IVH in the probiotic 
group can be explained by the high number of ELBW 
neonates in this group.

Conclusions
Probiotic administration significantly reduced the  
incidence of NEC ≥ Bell stage II in preterm neonates. 
No definite reduction in the incidence of late-onset 
sepsis or mortality was observed. However, neonates 
on probiotic supplementation had less feed intolerance, 
reached full feeds early, and showed better weight gain 
than neonates in the standard group. In the probiotic 

group, a reduction in the duration of hospital stay was 
also observed.
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