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Introduction

Necrotizing enterocolitis (NEC) is a common but
dangerous condition in premature and very low birth
weight (VLBW) infants, with variable incidence of 2.6%
to 28%.1 The precise pathogenesis of NEC is not
completely clear, but it is generally believed to be
multifactorial: the presence of pathogenic organism, the
challenge of enteral feeding, and altered enteric mucosa
integrity.2

Probiotics are live microorganisms that survive in the
gastrointestinal tract and confer beneficial effects on
the host when administered in adequate amounts.3,4 An
important rationale for the use of probiotics in neonates
at risk for NEC is the observation that the VLBW infants
have aberrant fecal colonization when compared with
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term infants.5-7 Bifidobacteria are commonly found in the
term newborn gut, but in low birth weight neonates,
these are undetectable in the intestinal flora during the
first 1 to 2 weeks after birth and do not predominate
until after the third week of life.8,9 Gewolb et al observed
that Bifidobacteria and Lactobacilli are found in the
stools of <5% of extremely low birth weight infants within
the first month of life.10

Hoy et al11 and Millar et al12 observed a decline in the
variety of species and shift to a predominance of
Enterobacteriaceae in the fecal flora before the onset
of NEC. Probiotics may protect against NEC by shifting
the intestinal ecological balance from a potentially
harmful microflora to one which would be predominantly
beneficial to the host.13 Probiotics may assist in
establishing a normal nonpathogenic flora by preventing
the binding of pathogenic bacteria to the enterocyte, by
the local production of antimicrobial products known as
bacteriocins,14 or by altering the intestinal lumen pH by
producing potentially microbicidal short-chain volatile
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fatty acids which inhibit the proliferation of pathogenic
microorganisms.15 Probiotics may also alter several key
components of intestinal inflammation, including
production of inflammatory mediator compounds,
activation of the intestinal immune system via the
production of mucosal IgA,16,17 and the integrity of the
mucosal barrier.18

Gram-negative bacteria colonization after probiotic
supplementation has been shown to be decreased in
some studies but no different in others. In a randomized
study of administration of probiotics to 71 preterm
infants, Agarwal et al found that Lactobacillus GG
showed a moderate degree of colonization in larger
premature babies (1500-1999 g), while the smaller
babies weighing less than 1500 g exhibited very poor
colonization.19 In another randomized trial on 20 preterm
infants, orally administered Lactobacillus GG was well
tolerated and did colonize the bowel of premature
infants, but colonization with Lactobacillus GG did not
reduce the faecal reservoir of potential pathogens.20 In
a neonatal rat model of intestinal ischaemia and
reperfusion, Bifidobacteria supplementation resulted in
intestinal colonization and subsequent reduction in NEC-
like lesions.18 Some suggest that this difference may
be attributable to the dose regimen of probiotic bacteria,
or timing and duration of supplementation.18 Another
possible explanation is that early bacterial colonizers
"imprint" the host and are hard to replace once
established.21

Different strains of Lactobacillus22 and Bifidobacterium23,24

species, or their combinations,25,26 have been used as
probiotics to reduce the incidence of NEC in neonates.
While the dosage and duration of probiotics vary among
studies, the safety and efficacy remain controversial.
Only a limited number of controlled trials have studied
health outcomes following enteral administration of
probiotic organisms in preterm infants,27 and no firm
conclusions on their efficacy can be drawn.28

Methods

We performed a clinical trial to study the use of probiotics
in local preterm low birth weight infants in the prevention
of NEC. All premature neonates with birth weight below
2000 grams who were admitted to the Neonatal
Intensive Care Unit (NICU) of Kwong Wah Hospital in
the year 2006 were eligible for the trial if they started to
feed enterally and survived beyond the seventh day of
life. Exclusion criteria included: birth weight below 1000
grams (as these infants would be transferred to another

hospital), no consent available, conditions that made
feeding after birth impossible (such as oesophageal
atresia), signs of severe sepsis or disseminated
intravascular coagulation at the time of recruitment,
congenital anomaly and chromosomal abnormality. The
trial was approved by the Ethics committee (KWC-CREC
reference: KW/FR/05-022), and informed parental
consent was obtained in all patients. A non-randomized,
convenient sampling method was adopted because of
the relatively low incidence rate of NEC in our setting
(5%) and the limited number of admissions to NICU
each year. Each case was matched with a control
subject by recruiting the next admitted NICU patient
with similar baseline demographics, or, in the case of
twin pregnancy, the other twin.

The neonates were fed with Infloran Berna (Swiss
Serum and Vaccine Institute Berne, Berne, Switzerland),
a probiotic preparation that contained 1000 million
live Lactobacillus acidophilus and 1000 million
Bifidobacterium infantis per capsule. Infloran Berna was
administered at 125 mg/kg per dose twice daily after
the first week of life until discharge. Infloran was stored
in a refrigerator at a temperature between 4oC and 8oC
and dissolved into distilled water just before feeding,
which would then be given with breast milk by NICU
nurses not involved in the study. Supplementation with
formula milk was given if expressed breast milk was
inadequate. Adhering to our departmental protocol,
feeding was started when the neonates had stable vital
signs, active bowel sounds without abdominal distension
and no bile-stained or bloodstained gastric aspirate. The
amount of feeding was incremented slowly if tolerated,
at a rate of no more than 20 ml/kg per day. Feeding
would be withheld if there was any sign of feeding
intolerance (gastric residue more than one third of
previous feed, twice, with abdominal distension) or
sepsis or NEC. Attainment of enteral feeding of
150 ml/kg per day was regarded as establishment of
full feeding.

The following data were collected: gestational age,
birth weight, gender, mode of delivery, Apgar score,
antenatal steroid, prolonged rupture of membrane,
chorioamnionitis, cord blood pH, total parenteral
nutrition, use of surfactant or mechanical ventilation,
number of days on oxygen supplement, patent ductus
arteriosus, use of indomethacin, percentage of
expressed breast milk feeding and amount of enteral
feeding. Stool cultures were performed to monitor
Lactobacillus colonization before and after probiotics,
and blood cultures were performed if clinical sepsis or
NEC was suspected. NEC is categorized by modified
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Bell's classification.29 Primary outcome was the
development of NEC of stage II or above. Secondary
outcome was mortality and adverse events such as
gastrointestinal intolerance, diarrhoea and Lactobacillus
septicaemia.

Results

Table 1 shows the baseline demographics and
characteristics of the patients. Each case in the
intervention group has been matched with a control
subject, which is assigned the same digit followed by
an alphabet (for example, patient 1 is an intervention
case, while the corresponding control subject is patient
1A). Each twin pregnancy constitutes a pair of
intervention case and control subject. Apart from there
being more males in the control group than the
intervention group, the two groups were similar. There
was no difference between the groups, including the
birth weight (mean±standard deviation: intervention
group 1.56±0.28, control group 1.57±0.31) and the cord
blood pH (intervention group 7.34±0.06, control group
7.31±0.07). Other clinical variables are listed in Table 2
and there was no statistically significant difference
between the groups. One patient in each group had
bronchopulmonary dysplasia and required oxygen
supplement for more than one month. One patient in

each group had patent ductus arteriosus which resolved
with indomethacin. No patients had umbilical arterial
catheter inserted.

Tables 3 and 4 show the feeding pattern and clinical
outcome measures of the patients. One patient in the
intervention group, with history of prolonged rupture of
membrane for 4 days, developed stage III NEC on day
10 and died. She had taken only three doses of
probiotics before presenting with acute abdominal
distension and bloodstained stools. Abdominal X-ray
showed generalized dilated bowel loops with thickened
wall and intramural gas. Laparotomy showed purulent
peritoneal fluid with faeculent materials, but no definite
bowel perforation was identified. Bowel was not viable
from duodeno-jejunal junction to sigmoid colon. She was
electively extubated and died on day 11. Blood and stool
cultures were negative. Peritoneal swab grew heavy
growth of Escherichia coli. There was no evidence of
septicaemia due to probiotic organisms. Except for this
mortality case, all other patients did not have any side
effects, and full enteral feeding was established
uneventfully. There was no statistically significant
difference between the two groups in all outcome
measures, including mortality (Fisher's exact test,
p value=1.00), percentage of breastmilk in enteral
feeding (intervention group: median 65.8%, interquartile
range: 19.1%-81.6%; control group: median 55.8%,

Table 1. Basic demographics and characteristics of the patients

Twin Gestation Birth Sex Mode of Apgar score Cord blood Antenatal Chorio Prolonged

in weeks weight M / F delivery at 1,5 min pH steroid -amnio  rupture of

in kg -nitis membrane

Intervention

Patient 1 No 28 3/7 1.18 F C/S 4, 6 7.41 Yes No No

Patient 2 Yes 31 6/7 1.51 F NSD 6, 10 7.35 Yes No Yes

Patient 3 No 33 3/7 1.92 F C/S 7, 9 7.34 No No No

Patient 4 No 31 2/7 1.77 M NSD 8, 9 7.37 Yes No No

Patient 5 No 31 6/7 1.65 F NSD 9, 9 7.40 Yes No No

Patient 6 Yes 30 1.15 M NSD 8, 10 7.23 Yes No No

Patient 7 Yes 33 1.57 M C/S 9, 10 7.36 Yes No No

Patient 8 No 33 5/7 1.72 F NSD 7, 9 7.28 Yes No Yes

Control

Patient 1A No 29 1/7 1.17 M C/S 6, 9 7.32 Yes Yes No

Patient 2A Yes 31 6/7 1.65 F NSD 9, 9 7.33 Yes No Yes

Patient 3A Yes 34 2/7 1.84 M NSD 10, 10 7.25 No No No

Patient 4A No 31 2/7 1.36 F NSD 7, 7 7.33 Yes No No

Patient 5A No 33 3/7 1.99 M NSD 6, 10 7.23 No No No

Patient 6A Yes 30 1.45 M NSD 6, 8 7.25 Yes No No

Patient 7A Yes 33 1.84 M C/S 9, 10 7.37 Yes No No

Patient 8A No 29 1.24 M NSD 8, 10 7.42 Yes No No

NSD = normal spontaneous delivery, C/S = caesarean section
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Table 2. Clinical variables of the patients

TPN Use of IPPV CPAP Days of Umbilical catheter Use of PDA Use of

surfactant oxygen UAC/UVC dopamine indomethacin

Intervention

Patient 1 Yes Yes Yes Yes 1 UVC No Yes Yes

Patient 2 Yes No No No 1 UVC No No No

Patient 3 No Yes No Yes 2 No No No No

Patient 4 Yes Yes No Yes 45 UVC No No No

Patient 5 Yes No No Yes 1 UVC No No No

Patient 6 Yes No No Yes 0 UVC No No No

Patient 7 Yes No No No 1 UVC No No No

Patient 8 Yes No Yes No 3 UVC Yes No No

Control

Patient 1A Yes No No Yes 1 UVC No No No

Patient 2A Yes No No Yes 1 UVC No No No

Patient 3A No No No No 0 No No No No

Patient 4A Yes No No No 0 UVC No No No

Patient 5A No No No Yes 0 No No No No

Patient 6A Yes No No Yes 0 UVC No No No

Patient 7A Yes No No No 0 UVC No No No

Patient 8A Yes Yes Yes Yes 53 UVC No Yes Yes

TPN = Total parenteral nutrition, IPPV = intermittent positive pressure ventilation, CPAP = continuous positive airway pressure, UAC =

umbilical artery catheter, UVC = umbilical venous catheter, PDA = patent ductus arteriosus

Table 3. Feeding pattern of the patients

Number of days of Percentage of breast milk Feeding amount Feeding amount Feeding amount

keeping nil by mouth in enteral feeding at 14 days at 21 days at 28 days

 before starting of (%) (ml/kg) (ml/kg)  (ml/kg)

enteral feeding

Intervention

Patient 1 2 81.6 97  ≥150  ≥150

Patient 2 1 16.6  ≥150  ≥150  ≥150

Patient 3 1 21.6  ≥150 # #

Patient 4 1 81.5  ≥150  ≥150  ≥150

Patient 5 2 85.0 108  ≥150  ≥150

Patient 6 1 55.1 117  ≥150  ≥150

Patient 7 1 76.4  ≥150 ≥150 #

Patient 8 0 4.7 * * *

Control

Patient 1A 1 56.2 146  ≥150  ≥150

Patient 2A 1 13.0  ≥150  ≥150 #

Patient 3A 1 7.3  ≥150 # #

Patient 4A 1 19.3  ≥150  ≥150  ≥150

Patient 5A 1 64.5  ≥150 # #

Patient 6A 1 55.4  ≥150  ≥150  ≥150

Patient 7A 1 63.1  ≥150 # #

Patient 8A 1 90.9 94  ≥150  ≥150

# = data not available (patient already discharged); * = data not available (patient deceased)
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in terquart i le range: 16.2%-63.8%),  length of
NICU stay (intervention group: median 15.0 days,
interquartile range: 9.0-33.5 days; control group:
median 13.5 days, interquartile range: 5.5-26.0 days);
and length of hospital stay (intervention group: median
29.5 days, interquartile range: 21.5-52.5 days; control
group: median 31.5 days, interquartile range: 19.5-
44.5 days).

The study was withheld temporarily after the mortality
case, and later resumed after obtaining approval from
with the Ethics Committee. However, the supply of the
probiotics was terminated in the pharmacy and the study
was discontinued.

Discussion

This is the first local case-control study on using
probiotics in the prevention of NEC in the preterm
neonates. Due to practical limitations, the sample size
is too small for any clinical effect to be detected or for
any conclusions to be drawn. The subjects were not
randomized and the study personnel were not blinded.
However, this study provided important local data and
initial experience on the use of probiotics in this
population.

There is no clear indication from the literature as to the
optimal strain of probiotic bacteria that should be
administered to premature babies. Probiotic cocktails
of multiple strains were believed to be more effective
than any single probiotic agent.30 The strains of
probiotics used in this study were the same combination
as those used by Lin et al25 in Taiwan and Hoyos26 in
Columbia. In Lin's prospective randomized trial involving
180 very-low-birth-weight infants in the study group and
187 infants in the control group, prophylactic
administration of probiotics reduced the incidence of
NEC from 5.3% to 1.1%, a relative risk reduction of
79%. 25 Hoyos  admin is te red  In f l o ran  Berna
prophylactically to all 1237 newborns admitted to her
NICU during a one-year period and compared against
1282 patients hospitalized in the previous year. She
reported a reduction in the incidence of NEC (85 cases
vs 34 cases, p<0.0002) and NEC-associated deaths
(35 cases vs 14 cases, p<0.005).26 In both studies,
there were cases of NEC in neonates who had
been given probiotics, but none had positive cultures
for Lactobacillus or Bifidobacterium species. Lin
commented that probiotics alone could not eliminate
NEC, which further confirmed the theory that NEC is a
multifactorial disease.25 We believed that the mortality
case in our study was such an example of NEC that
had not been prevented by probiotics.

Table 4. Important clinical outcome measures of the patients

Lactobacillus Gastrointestinal Diarrhoea NEC / stage Death NICU stay Hospital stay

Septicaemia intolerance  (days) (days)

Intervention

Patient 1 No No No No No 40 53

Patient 2 No No No No No 12 31

Patient 3 No No No No No 3 16

Patient 4 No No No No No 30 52

Patient 5 No No No No No 10 28

Patient 6 No No No No No 37 60

Patient 7 No No No No No 18 27

Patient 8 No Yes No Stage III Yes 8 11

Control

Patient 1A No No No No No 34 50

Patient 2A No No No No No 10 27

Patient 3A No No No No No 3 19

Patient 4A No No No No No 18 39

Patient 5A No No No No No 2 16

Patient 6A No No No No No 17 36

Patient 7A No No No No No 8 20

Patient 8A No No No No No 45 69
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Trials using other strains of probiotics have been
reported. Dani et al22 randomized 585 VLBW infants in
12 NICUs in Italy to receive Lactobacillus rhamnosus
GG once a day until discharge. There were no
statistically significant effects for their main outcome
variables of urinary tract infection, sepsis or NEC.
Kitajima et al23 administered Bifidobacterium breve to
>150 VLBW infants and demonstrated high colonization
rates, enhanced weight gain and no adverse events
attributed to the organism. In a randomized controlled
trial in Israel involving 145 VLBW infants, dietary
supplementation of a mixture of three probiotic
organisms reduced both the incidence (4% vs 16.4%,
p=0.03) and severity of NEC.24

With limited data in the current literature, probiotics
are generally considered safe31 but side-effects have
been reported. Bloodstream infection arising from
probiotic organism is rare32 and isolated cases of
Lactobacillus bacteraemia have been described in
immunocompromised or extremely sick babies
receiving high doses of Lactobacillus.33 Invasive
disease attributable to Lactobacillus species is rare
among children and has been reported primarily for
immunocompromised hosts.34-40 There was a case of
bacteraemia after ingestion of Lactobacillus rhamnosus
probiotic tablet in a child with short gut syndrome for
treatment of rotavirus-related diarrhoea.41 Only two well-
documented adult cases have been reported in which
the Lactobacillus rhamnosus strain isolated from the
clinical specimen was indistinguishable from the
probiotic strain consumed by the patient.42,43

Expressed breast milk is given to our neonates
whenever possible. Breastfeeding has been shown
to convey addit ional benefi ts to neonates on
probiotics. Colonization of the gut with Lactobacillus
and Bifidobacterium species is thought to be promoted
by the feeding of human milk.44 The production of
immunoglobulins in the infants is increased and
this has been shown to induce B-cell growth and
differentiation.45

Gut colonization with probiotic organisms had been
shown to be affected by the administration of antibiotics.
Agarwal reported that colonization was limited to infants
who were not on antibiotics within seven days of
treatment with Lactobacillus GG.19 In our study, the
probiotics were started after the first week of life, when
all the neonates were no longer on antibiotics. Stool
surveillance showed that our neonates had good
colonization with the probiotic organisms.

Conclusion

Prophylactic administration of probiotics has been
reported to reduce the incidence and severity of NEC.
We reported the first local trial on the use of a
combination of Lactobaci l lus  acidophi lus  and
Bifidobacterium infantis in neonates admitted to an
NICU. In this pilot case-control study, there was one
fatality in the intervention group due to NEC, but there
was no evidence of septicaemia attributable to the
probiotic bacteria. Further studies are needed to better
understand the use of probiotics in neonates, and their
clinical outcomes confirmed before this becomes a
general practice.
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