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ABSTRACT
Objectives: To assess the effect of the probiotic
VSL#3 in prevention of neonatal sepsis in low
birthweight (LBW) infants.
Design: Randomised, double-blind, placebo-controlled
trial.
Setting: Community setting in rural India.
Participants: LBW infants aged 3–7 days.
Interventions: Infants were randomised to receive
probiotic (VSL#3, 10 billion colony-forming units (cfu))
or placebo for 30 days, and were followed up for
2 months.
Main outcome measure: Possible serious bacterial
infection (PSBI) as per the Integrated Management of
Neonatal Childhood Illnesses algorithm, as diagnosed
by fieldworkers/physicians.
Results: 668 infants were randomised to VSL#3 and
672 to placebo. By intention-to-treat analysis, the risk
of PSBI among infants in the overall population of
LBW infants was not statistically significant (RR 0.79
(95% CI 0.56 to 1.03)). Probiotics reduced median
days of hospitalisation (6 days vs 3 days in probiotics)
(p=0.018) but not the risk of hospitalisation (RR 0.66
(95% CI 0.42 to 1.04). The onset of PSBI in 10% of
infants occurred on the 40th day in the probiotics arm
versus the 25th day in the control arm (p=0.063).
Conclusions: Daily supplementation of LBW infants
with probiotics VSL#3 (10 billion cfu) for 30 days led
to a non-significant 21% reduction in risk of neonatal
sepsis. A larger study with sufficient power and a more
specific primary end point is warranted to confirm the
preventive effect of VSL#3 on neonatal sepsis in LBW
infants.
Trial registration number: The study is registered at
the Clinical Trial Registry of India (CTRI/2008/091/
000049).

INTRODUCTION
Neonatal infections are responsible for more
than a quarter of the 1 million neonatal
deaths every year in India.1 Low birthweight

(LBW) is a very important indirect cause of
death in neonates, accounting for 40–80% of
neonatal deaths.2 Infections (sepsis, pneumo-
nia and meningitis) are known to evolve
more rapidly in LBW infants, leading to
severely increased disease and higher rate of
death. Prevention of infection in LBW babies
would directly decrease neonatal morbidity
and mortality. Management of neonatal
sepsis with antibiotics faces the problem of
drug resistance, attributed to availability over
the counter, indiscriminate use and

Strengths and limitations of this study

▪ Low birthweight (LBW) neonates are at high risk
for infections, including neonatal sepsis.

▪ Probiotics are effective in preventing neonatal
necrotising enterocolitis and nosocomial infec-
tions in preterm LBW babies.

▪ In our study, daily supplementation of LBW
infants with probiotics VSL#3 (10 billion colony-
forming units (cfu)) for 30 days led to a non-
significant 21% reduction in risk of neonatal
sepsis. A significant effect was observed among
infants weighing 1.5–1.9 kg. Survival analysis
showed a 15 day delay in the onset of sepsis in
the intervention arm.

▪ Our study used the Integrated Management of
Neonatal and Childhood Illnesses (IMNCI) algo-
rithm for diagnosis of possible serious bacterial
infection (PSBI) (PSBI-suspected sepsis) by
fieldworkers. A larger study with sufficient power
and a more specific primary end point (such as
physician’s diagnosis of neonatal sepsis) is war-
ranted to confirm the preventive effect of VSL#3
on neonatal sepsis in LBW infants.

▪ Our study was not powered to assess the role of
probiotics on neonatal mortality. The enrolments
were made during 3–7 days of life, and therefore
the role of probiotics on early onset sepsis could
not be evaluated.
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incomplete courses in India. Researchers are evaluating
immunotherapy (with immune globulin, myeloid colony
stimulating factors, probiotics, glutamine supplementa-
tion, recombinant human protein C and lactoferrin) as
adjuvants for the prevention of neonatal sepsis.3

Probiotics have attracted much interest and debate in
the neonatal literature during the past decade.4 The
FAO/WHO defines probiotics as live microorganisms
that, when administered in adequate amounts, confer a
health benefit on the host.5 Probiotic microorganisms
have particular characteristics: human origin, safety in
human use, bile acid resistance, survival in the intestine,
temporary colonisation of the gut, adhesion to the
mucosa and bacteriocine production. The ingestion of
probiotics is associated with modification in physio-
logical homeostasis of the intestinal flora, which is
important in preventing disease, especially infections.6

The best evidence for efficacy of specific probiotic
strains has been obtained with randomised controlled
trials and meta-analysisis in the prevention and treat-
ment of antibiotic-associated diarrhoea,7 gastroenteritis
and acute diarrhoea,8 and in the alleviation of lactose
intolerance.9

Clinical trials evaluating the role of probiotics
(Infloran) in preterm very low birthweight infants10–12

reported a reduction in the incidence of necrotising
enterocolitis (NEC), overall mortality10 and severity of
NEC.11 A meta-analysis13 and systematic reviews14 15 of a
randomised trial suggested a beneficial effect of pro-
biotic treatment on reducing the incidence and all-cause
mortality due to NEC. Following on from the evidence
on very LBW (VLBW) and premature infants, we
hypothesised that the probiotic preparationVSL#3 might
reduce morbidity due to sepsis in LBW infants. We
aimed to estimate reduction in the incidence of sus-
pected sepsis in 0–2-month-old low birthweight infants
in the intervention arm with a daily supplementation of
probiotic VSL#3, 10 billion colony-forming units (cfu)
over a period of 30 days. If proven to be efficacious, it
could be an important public health intervention for
prevention of neonatal infections.

METHODS
Study design and participants
We undertook a randomised, double-blind, placebo-
controlled (1:1) trial from January 2009 to November
2011 at two tertiary care hospitals and the adjoining
community areas (Safdarjung hospital in New Delhi and
Mahatma Gandhi Institute of Medical Sciences Wardha,
India). We screened newborn infants aged 3 days, born
in the hospitals weighing 1500–2500 g, residing within
20–25 km of the hospital, and not planning to shift resi-
dence for at least the next 2 months. We excluded
extremely premature infants (<34 weeks), sick infants,
those with congenital malformations incompatible with
life, and those with guardians not giving consent and
belonging to out of study areas. Eligible babies, for

whom parents/guardians gave informed consent, were
enrolled on days 3–7 of life. Participants were enrolled
by a physician in the hospital and followed up in the
community for 2 months for occurrence of neonatal
sepsis and other morbidities. Baseline information on
demographic characteristics was obtained for assessment
of Standard of Living Index.16 Ethical clearance was
obtained from the two participating institutes. A Data
Safety and Monitoring Committee (DSMC) met every
6 months and reviewed severe adverse events.

Study medication
Infants were randomly assigned to receive probiotic or
placebo by the study physician. The intervention con-
sisted of administration of the probiotic preparation
VSL#3 (a mix of eight strains: Streptococcus thermophilus,
Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium
infantis, Lactobacillus acidophilus, Lactobacillus plantarum,
Lactobacillus paracasei and Lactobacillus delbrueckii spp bul-
garicus, at a dose of 10 billion cfu for 30 days, starting on
the third day of life. The content of the probiotic sachet
was mixed in expressed breast milk in a plastic cup and
fed to the infant. A sterilised plastic cup and stirrer were
provided along with the sachets. A similar-looking malto-
dextrin preparation in the same outer packing was admi-
nistered to the control group. The supplement was
prepared by CD Pharma India Pvt. Ltd. The prepara-
tions withstood a temperature up to 28° C and were
therefore kept in a cold chain (refrigerators/vaccine car-
riers) at the homes of enrolled infants.

Randomisation and masking
A computer generated stratified block randomisation
with a permuted block size of four was used. We strati-
fied infants by birth weight (1500–2000 g, 2001–2500 g)
and sex. A team of scientists at INCLEN Trust, New
Delhi, used a computer-generated table for subject allo-
cation. Allocation concealment was ensured by sequen-
tially numbering the sachet packets containing VSL#3 or
placebo after block randomisation. Identical packaging
of VSL#3 and a placebo with similar consistency and
colour was provided. Parents of enrolled infants, investi-
gators and fieldworkers were masked to treatment alloca-
tion. Data analysis was performed in a blinded manner.
The codes remained with the INCLEN Trust, and were
disclosed to the DSMB and ICMR on completion of data
analysis.

Follow-up and assessment
Follow-up visits were carried out by the fieldworker for
supervising supplementation over 30 days, and detection
of morbidities over 2 months. Visitation was daily during
the first week, biweekly in weeks 2–4 of life, and weekly in
the second month. Detection of neonatal sepsis was per-
formed during visits, using the Integrated Management
of Neonatal and Childhood Illnesses (IMNCI) algorithm
(http://www.unicef.org/india/Training_Module_1–9)
for detection of possible serious bacterial infection
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(PSBI) suggested by the presence of any of the following
signs of infection: convulsions or fast breathing
(60 breaths per minute or more); severe chest in-drawing
or nasal flaring or grunting; 10 or more skin pustules or a
large boil; axillary temperature 37.5°C or above (or feels
hot to touch); temperature less than 35.4°C (or feels cold
to touch); lethargic or unconscious or less than normal
movements. Fieldworkers referred and accompanied sick
infants to the study hospital for treatment. At the hos-
pital, the infants were examined by a physician, blood cul-
tures were obtained, and treatment was carried out as per
the protocol of the hospital.
Information on compliance and morbidities was

recorded. An enrolment card was provided which
parents were asked to carry whenever they sought treat-
ment for the infant in between study visits. Efforts were
made to contact local practitioners visited independently
by parents of infants and to collect the details of treat-
ments prescribed. Study staff were trained in the IMNCI
algorithm and given practice on eliciting signs of neo-
natal sepsis. Study procedures were standardised and
regular exercises were conducted so as to reduce inter-
observer and intraobserver variability. Quality assurance
measures included supervisory checks in the fieldwork,
data collection and data cleaning. All case record forms
were cross-checked by supervisors and medical officers
before being sent for double data entry (in EPI Info
V.6.0) with built-in range and consistency checks.
(Details on quality assurance mechanism for the study
implementation is given as web appendix).
The primary outcome was risk of PSBI as per the

IMNCI algorithm, as diagnosed by fieldworkers or physi-
cians. Secondary outcomes were estimation of the effect
of VSL#3 on overall morbidity pattern in 0–2-month-old
LBW infants; stool colonisation patterns in 10% of sub-
jects; and assessment of side effects due to the probiotic
VSL#3, if any. On the recommendation of the DSMC,
data on diagnosis of sepsis by a physician was also
recorded as an amendment to the protocol.

Gut colonisation substudy
Data on gut colonisation was important to substantiate
the clinical findings. Stool samples from 202 (101 each
in the intervention and placebo arms) enrolled infants
were collected on day ‘1’, day ‘21’ and day ‘60’ to corres-
pond to the end of follow-up.
The samples were collected in sterile specimen jars

(plastic containers) and transported to the lab at 4°C,
and stored at −20°C. Processing was completed within
10 days to evaluate their bacterial microflora compos-
ition and enzymatic activities. Sequencing and real-time
PCR were conducted on DNA samples extracted from
stool specimens.

Statistical analysis
Bang et al2 reported a 17% incidence of neonatal sepsis
in the community. Assuming a 10% loss to follow-up,
1340 infants were needed (670 in each group) to observe

a 30% reduction in incidence of sepsis at 5% significance
with 80% power. Analyses were performed by intention to
treat. Software ‘R’17 (V.3.0.0) was used for calculation of
PSBI risk, incidence rates, CIs and incidence rate ratios.
We used Kaplan-Meier survival analysis curves with
Herrington Flemming variation18 of the log rank test to
compare the survival curves in the probiotic and placebo
arms. We used a ‘t test’ after log conversion to compare
colony counts groups in the gut colonisation substudy.

Role of the funding source
Funding source played no role in the study design, data
collection, analysis and interpretation, writing of the
report or decision to submit it for publication.

RESULTS
Between January 2009 and November 2011, 5927 LBW
newborn infants were screened and 1340 eligible LBW
infants were enrolled (figure 1). Of the 5927 screened,
4587 were excluded (reasons given in figure 1). The pro-
biotic and placebo groups were comparable with regard
to baseline characteristics such as mode of delivery,
mean birth weight, mother’s schooling, religion of the
family, standard of living index (SLI), and maternal mor-
bidities during current pregnancy (table 1).
The intervention and control groups were similar in

the mean number of fieldworker visits performed (20.8
±3.7 in probiotic vs 20.5±4.0 in placebo groups;
p=0.154), mean number of doses of interventional
product consumed (29.1±4.4 in probiotics vs 28.7±5.2 in
placebo; p=0.129), and mean number of days of
follow-up visits (56.3±2.2 in probiotics vs 56.1±3.8 in
placebo; p=0.239).

Primary outcome: PSBI
On the basis of the intention-to-treat (ITT) analysis,
there was a non-significant 21% reduction in the overall
risk of PSBI in the probiotic group (84 cases in 688
infants in the probiotic arm versus 107 cases in 672
infants in the placebo arm; RR 0.79 (95% CI 0.56 to
1.03); p=0.080) (table 2). In the probiotic group, there
was a significant 71% reduction in risk in the un prespe-
cified subgroup of infants with birth weights 1.5–1.99 kg
(4 cases in 74 infants in probiotics vs 14 cases in 75
infants in the placebo arm; RR 0.29 (95% CI 0.10 to
0.84); p=0.014). A 32% reduction in the risk of PSBI
among the un prespecified subgroup of female infants
was observed (36 cases in 348 infants in probiotic vs 53
cases in 349 infants in the placebo group; RR 0.68 (95%
CI 0.46 to 0.99); p=0.056). There was no evidence of an
interaction effect in the un prespecified subgroup ana-
lysis (p value=0.128 for the interaction term between
treatment and birthweight group).
We also calculated the incidence rates of PSBI com-

puted with the person-time data collected during home
visits (table 3). The PSBI incidence rate in the probiotics
arm was 2.61/1000 days of follow-up versus 3.40/
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1000 days in the placebo arm (RR 0.77 (95% CI 0.59 to
0.99), p=0.0493). Among the un prespecified subgroup
of babies weighing 1.50–1.99 kg, the incidence rate of
PSBI/1000 days was 1.67 and 4.57 in the probiotic and
placebo groups, respectively (RR 0.36 (95% CI 0.15 to
0.87; p=0.008).

Secondary outcomes
Other morbidities
There was no significant difference between the groups
for the proportion of babies who had local infection
(3.0%; (95% CI 2.0% to 4.7%) in probiotic vs 3.4%;
(95% CI 2.2% to 5.0%) in the placebo group, p=0.69),
feeding problems (18.9%; (95% CI 16.0% to 22.0%) in
probiotic vs 16.4%; (95% CI 13.7% to 19.3%) in the
placebo group, p=0.21), or other morbidities (35.9%;
(95% CI 32.4% to 39.6%) in probiotic vs 34.2%; (95%
CI 30.7% to 37.9%) in the placebo group, p=0.52).

Gut colonisation
There were differences in absolute colony counts in the
two groups on days 1, 21 and 60; however, these differ-
ences were not significant statistically.
The difference between colony counts in the probiotic

and placebo groups (day 21–day 1) was statistically sig-
nificant (p=0.0476) for L. acidophilus; however, it was
not significant for S. thermophilus (p=0.9964) and
B. longum (p=0.3872). Colonisation was also observed in
the placebo arm, most likely due to exclusive
breastfeeding.

Figure 1 Participant flow

through the trial.

Table 1 Comparison of baseline characteristics,

intention-to-treat population

Probiotics

(N=668)

Placebo

(N=672)

Sex

Male 319 47.8% 320 47.6%

Female 349 52.2% 352 52.4%

Birthweight groups

1500–1999 g 74 11.1% 75 11.2%

2000–2499 g 594 88.9% 597 88.8%

Mean (SD) birth weight 2261±179 2263±179

Mother’s schooling (years)

≤8 292 43.7% 285 42.4%

>8 376 56.3% 387 57.6%

Religion

Hindu 489 73.2% 501 74.6%

Muslim 46 6.9% 41 6.1%

Others 133 19.9% 130 19.3%

Standard of living index

Low 98 14.7% 85 12.6%

Medium 348 52.1% 382 56.8%

High 222 33.2% 205 30.5%

Mode of delivery

Vaginal 633 94.8% 629 93.6%

LSCS+others 35 5.2% 43 6.4%

Morbidities during pregnancy

Hypertension 23 3.4% 18 2.7%

Anaemia 55 8.2% 63 9.4%

PROM 22 3.3% 30 4.5%

None 568 85.0% 561 83.5%

Mean SLI score 22.2±7.9 22.3±7.7

LSCS, lower segment caesarian section; PROM, premature
rupture of membrane; RR, rate ratio; SLI, standard of living index.
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Post hoc analyses
A post hoc analysis based on the ITT showed a non-
significant 29% reduction in the overall risk of physician-
diagnosed sepsis in the probiotic group (38 cases in 688
infants in the probiotic vs54 cases in 672 infants in the
placebo group; RR 0.71 (95% CI 0.47 to 1.06), p=0.091).
There was no case of suspected sepsis diagnosed by the
physician in the group of 74 infants taking probiotics
and weighing 1.50–1.99 kg, as compared to eight cases
in 75 infants of this weight in the placebo group (RR
and 95% CI not calculated due to no sepsis cases in the
probiotics group, Fisher’s Exact test p value=0.007).

There was no evidence of an interaction effect in the un
prespecified subgroup analysis (p value=0.974 for the
interaction term between treatment and birthweight
group).
In the post hoc analysis of physician-diagnosed sepsis,

the incidence rate in the probiotic arm was 1.07/
1000 days vs 1.59/1000 days with placebo (RR 0.67;
(95% CI 0.45 to 0.99), p=0.048). In the 1.5–1.99 kg
weight stratum, there was no case of sepsis diagnosed by
the physician versus an incidence rate of 2.40/1000
follow-up days in the placebo arm (RR 0.00 (95% CI 0.0
to 0.35); p=0.002).

Table 2 Cumulative risk of PSBI/clinically suspected sepsis

Probiotics Placebo

Cumulative

risk ratio

p Value*N N

Cumulative risk

N N

Cumulative risk

(%) 95% CI (%) 95% CI RR 95% CI

(PSBI, by field investigator)

All strata 84 668 12.6 10.3 to 15.3 107 672 15.9 13.3 to 18.9 0.79 0.56 to 1.03 0.080

1.5–1.99 kg 4 74 5.4 1.7 to 13.49 14 75 18.7 11.3 to 29.1 0.29 0.10 to 0.84 0.014

2.0–2.49 kg 80 594 13.5 11.0 to 16.5 93 597 15.6 12.9 to 18.7 0.86 0.66 to 1.14 0.303

Male 48 320 15.0 11.5 to 19.4 54 323 16.7 13.0 to 21.2 0.90 0.63 to 1.28 0.553

Female 36 348 10.3 7.5 to 14.0 53 349 15.2 11.8 to 19.4 0.68 0.46 to 0.99 0.056

Suspected sepsis (by physician)

All strata 38 668 5.7 4.2 to 7.7 54 672 8.0 6.2 to 7.7 0.71 0.47 to 1.06 0.091

1.5–1.99 kg† 0 74 0.0 0 to 5.9 8 75 10.7 5.2 to 19.9 – – 0.007

2.0–2.49 kg 38 594 6.4 4.7 to 8.7 46 597 7.7 5.8 to 10.1 0.83 0.55 to 1.26 0.381

Male 21 320 6.6 4.3 to 9.9 30 323 9.3 6.6 to 13.0 0.71 0.41 to 1.21 0.205

Female 17 348 4.9 3.0 to 7.7 24 349 6.9 4.6 to 10.1 0.71 0.39 to 1.30 0.270

*p Values less than 0.05 have been shown in bold.
†RR and 95% CIs could not be calculated as no study subject in this group developed the outcome suspected sepsis (by physician).
PSBI, possible serious bacterial infection.

Table 3 Incidence rate for PSBI clinically suspected sepsis per 1000 days of follow-up

Probiotics Placebo

Incidence

rate ratio

p Value*n

Person-

days

Incidence rate/

1000 days

N

Person-

days

Incidence rate/

1000 days

Rate 95% CI Rate 95% CI RR 95% CI

PSBIs (by field investigator) and sepsis by physician

All strata 98 37 532 2.61 2.12 to 3.18 128 37 681 3.40 2.83 to 4.04 0.77 0.59 to 0.99 0.049

1.5–1.99 kg 6 4204 1.67 0.52 to 3.11 19 4159 4.57 2.75 to 7.13 0.36 0.15 to 0.87 0.008

2.0–2.49 kg 92 33 328 2.19 2.23 to 3.39 109 33 522 3.25 2.67 to 3.92 0.67 0.64 to 1.12 0.248

Male 58 17 946 3.23 2.45 to 4.18 69 18 107 3.81 2.97 to 4.8 0.85 0.60 to 1.20 0.357

Female 40 19 586 2.04 1.46 to 2.78 59 19 574 3.01 2.29 to 3.89 0.68 0.45 to 1.01 0.056

Suspected sepsis by physician

All strata 40 37 532 1.07 0.76 to 1.45 60 37 681 1.59 1.21 to 2.05 0.67 0.45 to 0.99 0.048

1.5–1.99 kg† 0 4204 0.00 0.00 to 1.11 10 4159 2.40 1.15 to 4.42 0.00 0.0 to 0.35 0.002

2.0–2.49 kg 40 33 328 1.20 0.86 to 1.63 50 33 522 1.49 1.11 to 1.97 0.80 0.53 to 1.22 0.307

Male 23 17 946 1.28 0.81 to 1.92 35 18 107 1.93 1.35 to 2.69 0.66 0.39 to 1.12 0.126

Female 17 19 586 0.87 0.51 to 1.39 25 19 574 1.28 0.83 to 1.89 0.68 0.37 to 1.26 0.221

*p Values less than 0.05 have been shown in bold.
†As there was no case among the exposed, the risk ratio and its CI were calculated by adding 0.5 to each cell. Fisher’s exact p value was
calculated instead of χ2 test.
PSBI, possible serious bacterial infections.
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Comparison of event rates
The Kaplan Meier survival analysis curves were plotted
to compare the event rates in the probiotic and placebo
arms (figure 2).This shows a divergence between
the curves for probiotic and placebo, starting after a
week of supplementation and remaining throughout the
follow-up period. The onset of first episode of PSBI in
10% of infants occurred on the 41st day in the probiotic
arm versus the 24th day in the control arm (p=0.063),
and the onset of first episode of suspected sepsis diag-
nosed by the physician in 5% of infants occurred on the
53rd day in the probiotic arm versus the 26th day in the
control arm (p=0.071).

Adverse outcomes: hospitalisations and deaths
Hospitalisation and death in enrolled infants were con-
sidered as moderate and severe adverse outcomes,

respectively (table 4). During the study, 29 infants in the
probiotic arm and 44 in the placebo arm needed to be
hospitalised (p=0.075). The median number of hospita-
lisations was 3 days in the probiotic arm versus 6 days in
the placebo arm (p<0.018). There were three deaths,
one in the probiotic arm and two in the placebo arm.
Verbal autopsy reports of deaths reviewed by the DSMB
did not attribute them to the intervention. No side
effects of VSL#3 were reported.

DISCUSSION
Overall, supplementation with the probiotic VSL#3 in
LBW infants was associated with a 21% (non-significant)
reduction in the risk of suspected sepsis (PSBI) diag-
nosed by the fieldworker. However, in the un-prespecified
subgroup of infants weighing 1.5–1.99 kg, the reduction

Figure 2 Kaplan-Meier curves

for difference between event rates

in the probiotic and placebo

groups. PSBI, possible serious

bacterial infection.
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in risk of PSBI was statistically significant (reduction of
71%; p=0.014). The primary analysis in this study was
based on the PSBI classification by the fieldworker as per
the IMNCI algorithm as an indicator of neonatal sepsis.19

The classification PSBI under IMNCI is described as sen-
sitive but not specific for detection of neonatal sepsis.20

Prior to closure of the study, the DSMC recommended
conducting post hoc analyses using the physician’s diag-
nosis of sepsis as the outcome measure. In this analysis,
there is a 29% overall reduction in risk of sepsis.
However, in the un prespecified subgroup of infants
weighing 1.5–1.99 kg, there is a 100% reduction, with no
cases observed in the group receiving probiotic supple-
mentation. Our findings of probiotics efficacy among
infants 1.5–1.99 kg may be a chance finding, generating a
hypothesis that this intervention may be useful for the
most vulnerable of the LBW babies. Our power calcula-
tions did not consider this a priori, and hence these find-
ings need to be confirmed in future studies. Probiotic
intervention significantly reduced the mean number of
hospitalisation days. The Kaplan Meier survival analysis
shows a 15-day delay in the onset of sepsis in the interven-
tion arm; this translates to a disease-free window during
the 28-day period, which is crucial for neonatal survival.
Moreover, considering a higher case fatality in sepsis at
early ages, this becomes even more important. Our
results may not be definitive or robust enough; however,
there is a consistency in them, and we do not consider
this as a ‘negative trial’. Although our study is not large
enough, it may be misleading to interpret it as proving
that there is no effect of the probiotic intervention or no
difference between the study groups. More evidence
needs to be generated, since an interpretation of no
effect might discourage further studies.21

In the current study, a consistent difference between
the intervention and control groups A and B in all the
tables as well as the Kaplan Meier survival analysis curves
was observed. The difference between the groups was
marked in most of the tables when the physician’s diag-
nosis of sepsis was considered. After evaluating the
coded results, the DSMB even considered amendment
of the original protocol to change the primary outcome
variable to sepsis as diagnosed by the physician so that
the study conclusively finds out the role of VSL#3 in

preventing neonatal sepsis. The opinion of the DSMB
members was that physicians' diagnosis of sepsis would
be widely acceptable owing to its accuracy as compared
to diagnosis by field workers. Committee advised extend-
ing the study to enrol more infants for the revised
primary outcome. However, a ‘Technical Advisory
Group’ (including clinical trialists, biostatisticians, public
health experts), formed on recommendations of the
DSMB, suggested that this study should be closed and
another study planned. In view of the fact that the trial
was registered and the statistical analytical plan specified
the primary outcome as PSBI, it was suggested that the
findings on Physician’s diagnosis be presented post hoc.
The physician’s diagnosis of sepsis is more meaningful

than PSBI, owing to its specificity. The reported post hoc
analyses increase our confidence in the results. However,
physicians used their clinical judgement for diagnosing
sepsis; there was no standardised definition used, and
this is a limitation of the study. Future trials should
evaluate the role of VSL#3 on incidence of sepsis with a
precise definition of the outcome measure. The inci-
dence of sepsis observed in the study was lower than the
expected effect size used in determining the sample size
of the study. Home visits,22 23 health education messages
about exclusive breastfeeding and hygiene, and referral
by fieldworkers could improve care and care-seeking,
resulting in lower morbidity and mortality and a type II
error for the overall result of our study. Our study has
several other limitations. It was not powered to assess the
role of probiotics on neonatal mortality. The enrolments
were made during 3–7 day of life, so we cannot
comment on the role of probiotics on early onset sepsis.
We followed infants for a period of 2 months and there-
fore cannot comment on the long-term effects of pro-
biotic supplementation. There are concerns regarding
heterogeneity in probiotic products. The literature sug-
gests greater protection with double or triple probiotic
strains.13 Probiotic VSL#3 is a mix of eight strains,
namely S. thermophilus, B. breve, B. longum, B. infantis,
L. acidophilus, L. plantarum, L. paracasei and L. Delbrueckii
spp bulgaricus. In a randomised placebo-controlled clin-
ical trial in India, VSL#3 resulted in early recovery and
reduced need for oral rehydration salts in rotavirus-
affected children aged 6 months to 2 years.24

Table 4 Comparison of adverse outcomes between the probiotics and placebo arms

Probiotics Placebo Total p Value*

Hospitalisation required 29 44 73 0.075

Duration of hospitalisation

25th centile 2 days 3 days 73 <0.018†

Median 3 days 6 days

75th centile 5 days 8.75 days

Deaths 1 2 3 NS

*p Values less than 0.05 have been shown in bold.
†p Values calculated using the Mann-Whitney Wilcoxon test.
NS, not significant.
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In previous studies, probiotics have been found to
prevent necrotising enterocolitis (NEC) by preventing
colonisation of the gut by pathogens, promoting colon-
isation with beneficial organisms, improving maturity
and function of the gut mucosal barrier and modulating
the immune system to the advantage of the host.11 12

A Cochrane review showed moderate to low quality evi-
dence that oral lactoferrin with or without probiotics
decreases sepsis and NEC in preterm infants.25 The
mechanism for efficacy of probiotics in reducing the
incidence of sepsis in VLBW infants is probably similar
to that for NEC.26 11 However, in a further study by Lin
et al,12 the effect of reduction in the incidence of sepsis
was not confirmed. This study was conducted among
severely ill, hospitalised VLBW infants with central line,
total parenteral nutrition and prolonged use of mechan-
ical ventilation. Probiotics exert their effects by positively
influencing normal microbe–microbe and host–microbe
interactions and may augment the protection afforded
by commensal flora through competitive interactions,
direct antagonism of pathogens and/or production of
antimicrobial factors. The preventive mechanisms could
fail in the face of severe conditions as in case of the
study by Lin et al12 Probiotics alone would not overcome
the infection induced by invasive procedures. However,
in the community setting such as in our study, among
LBW predominantly breastfed infants, probiotics could
be effective in preventing sepsis, since the primary effect
of orally administered probiotics is in the gastrointestinal
tract with prevention of bacterial translocation.
Neonatal infection is a high priority area of research.

Research on immunotherapy3 has provided very few
leads. To the best of our knowledge, at present there are
no proven interventions beneficial in preventing sepsis
in LBW infants,27 apart from exclusive breastfeeding and
practice of hygiene. This study provides an indication
that microbial interference by beneficial bacteria is
helpful in decreasing neonatal morbidity. Considering a
30% prevalence of LBW in India28 and 30% mortality
due to sepsis in newborns,1 even a modest decline in the
incidence of sepsis due to preventive intervention with
probiotics could avert thousands of neonatal deaths.
When produced on a large scale, it would be a cost-
effective intervention for a major public health problem.
We observed a significant positive treatment effect in

the subgroup of infants weighing 1.5–2.0 kg. This man-
dates the conduct of a larger study with sufficient power
to conclusively evaluate the role of probiotics among
LBW infants in a population at high risk of mortality
from sepsis. There is also a need to conduct this kind of
study for all neonates to assess if probiotics could be
beneficial even for children who are not LBW.
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