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Background: Probiotics are thought to interfere with the mechanisms involving in the pathogenesis of necrotizing enterocolitis
in neonates.
Objectives: This study was planned to assess the effect of prophylactic probiotics for the prevention of necrotizing enterocolitis
in low birth weight neonates.
Patients and Methods: This prospective triple-blinded, interventional, randomized clinical trial enrolled 136 low birth weight
newborn infants with a minimum birth weight of 700 g, from September 2010 to September 2011. The study and control groups
were compared regarding; 1- occurrence of NEC, 2- time to reach full feeding, defined as days required to reach full enteral feeding,
3- duration of hospital course, and 4-incidence of sepsis and death. The study group was fed with milk and Protexin (restore) and
the control group was fed with milk and a placebo that was physically indistinguishable from the probiotic powder. SPSS version
16 was used, and P-value less than 0.05 was considered significant.
Results: One hundred thirty six neonates were enrolled in the study. Seventy six (54.4%) were male. The mean of gestational age and
birth weight were 31 weeks and 1407 grams, respectively. The mean age to start feeding was 4.36 days. There was not any significant
difference in the NEC cases between the two groups.
Conclusions: This study did not show any benefit from prophylactic probiotics in the prevention of necrotizing enterocolitis in
low birth weight neonates which could be probably due to low dose probiotics used.
Keywords: Probiotics; Enterocolitis, Necrotizing; Infant, Low Birth Weight

1. Background
Necrotizing enterocolitis (NEC) is one of the most common gastrointestinal emergencies in newborns (1), some
reports estimate a 10% incidence among infants weighing less than 1500 g with a mortality approaching 30%
(2). Approximately 25% of survivors experience long-term
sequelae (3). It is characterized by bowel wall necrosis
of various length and depth. Bowel perforation occurs
in one third of the affected infants (4). Although 5-25%
of cases occur in term infants, it is primarily a disease of
preterm infants, with most cases occurring in very low
birth weight (VLBW) infants (birth weight < 1500 g) (5).
NEC is categorized into three stages, with clinical symptoms varying from feeding intolerance to severe cardiovascular compromise, coagulopathy, and peritonitis with

or without pneumoperitoneum (6).
Approximately 27-63% of affected infants require surgical intervention (7); strictures, primarily in the colon, occur in more than one third of affected infants (8).
When compared to term infants, VLBW infants at risk of
NEC have abnormal fecal colonization, demonstrating a
paucity of normal enteric bacterial species, and have delayed onset of bacterial colonization (9, 10).
NEC is a multifactorial disease which results from an
interaction between the loss of mucosal integrity (due
to ischemia, inflammation and infection) and the host
response to that injury (in the form of circulatory, inflammatory and immune-mediated response). The most
common risk factors cited are prematurity (low birth
weight), enteral feeding, and colonization by bacteria

Implication for health policy/practice/research/medical education:
NEC is one of the major problems of VLBW Infants admitted to the NICU with high morbidity and mortality, several risk factors are mentioned in literature and different methods are proposed for prevention of it, the last opinion is on probiotic therapy of preterm infants, several studies shows its benefits
for reduction of NEC and associated morbidity and mortality. This research is the first study of prophylactic probiotic in preterm neonates in NICU of the
Mahdieh hospital to evaluate its effect for neonates of our country.
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such as Escherichia coli, Klebsiella, Clostridium perfringens,
Staphylococcal epidermidis, and Rotavirus (11, 12).
Unlike healthy infants, preterm infants develop a different bowel colonization pattern which may contribute
to the development of NEC and other infections. As a result, it is hypothesized that the proactive colonization of
preterm infants using probiotic supplements may help
to reduce the overgrowth of pathogens in the bowels of
preterm infants and decrease the likelihood of infections
including NEC and feeding tolerance in them.
Probiotics are defined at 2001 by the world health organization as “live microorganisms, which when administered in adequate amount confer a health benefit on the
host”. The American academy of pediatrics has not issued
recommendations for the routine use of probiotics up to
now; however, it does support their use on an individual
basis in patients who may benefit from therapy (13).
Recently several preventive strategies are presented
including: antenatal steroid, human milk feeding, enhancement of platelet-activating factor, use of platelet-activating factor receptor antagonists, and probiotics (14).

2. Objectives

The main aim of this study was to assess the effect of
probiotics in prevention of NEC in low birth weight neonates.

3. Patients and Methods

The study was a prospective triple-blinded, interventional, randomized clinical trial which enrolled 136 low
birth weight newborn infants with a minimum birth
weight of 700 grams, from September 2010 till 2011. It
was performed in neonatal intensive care unit (NICU)
of Mahdieh hospital which is an academic center. After
planning the research and before putting it into practice,
all the ward staff were informed and instructed about
implementation of the study.
Parental written informed consents were taken from
parents before enrolling a neonate in the study. Once
vital signs were stable, active bowel sounds were present, no abdominal distension was present, and no blood
or bile in gastric aspirates was detected, feeding was
started. Neonates were randomized into two groups to
receive standard milk supplemented with once a day
probiotics supplement, starting from the first feed, or a
placebo, until discharge or death. Inclusion criteria were:
birth weight of 700-1800 g, stable hemodynamic, be able
to have enteral feeding, and written parental consent, exclusion criteria were: evidence or suspicion of congenital
intestinal obstruction or perforation, prenatal or postnatal diagnosis of gastroschisis, large omphalocele, or
congenital diaphragmatic hernia, and major congenital
anomalies.
Primary outcome measures compared between the
study and control groups were: 1) occurrence of NEC, 2)
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time to reach full feeding, defined as days required to
reach full enteral feeding (100 ml/K/d), 3) duration of
hospital course, 4) sepsis or death. NEC was assessed and
scored according to the Bell’s staging (6). Sepsis was defined as having clinical signs in favor of sepsis, plus positive results for blood culture.
The study group was fed with milk and Protexin (Restore): 1 × 109 CFU (colony forming unit), one gram (one
sachet) contains: Lactobacillus acidophilus, Lactobacillus
rhamnosus, Bifidobacterium longum, Lactobacillus bulgaricus, Lactobacillus casei, Streptococcus thermophilus, Bifidobacterium breve, and Bifidobacterium, probiotics international limited., The United Kingdom. Neonates weighing
less than 1000 g were fed with a half of sachet once daily
(5 × 108 CFU of probiotics), neonates weighing 1001–1500
g were fed with 3/4 of a sachet once daily (7.5 × 108 CFU
of probiotics), neonates weighing more than 1500 g were
fed with a full sachet once daily (1 × 109 CFU of probiotics). The control group was fed with milk and a placebo
that was physically indistinguishable from the probiotic
powder.
Restore and placebo sachets were stored in a refrigerator at a temperature between 4°C and 8°C and mixed with
milk before feeding by trained personnel. To blind the
trial the probiotic and placebo sachets were set in similar indistinguishable packages. For further blinding, the
sachets were labeled with numbers that was unique for
a patient.
After starting the feeding, infants were observed continuously by a chart containing basic information like
daily weight, feeding volume, abdominal girth, appearance of erythema of abdominal wall, loose stools with
blood, vomiting, and orogastric tube suction volume.
The amount of feeding was advanced slowly, if tolerated,
with no more than a 20 mL/kg/d.
Feeding was discontinued if there was any sign of feeding intolerance (defined as the presence of gastric aspirate in the amount that was more than a half of the previous feeding or abdominal distension). Infants received
total parenteral nutrition until a half of the calories were
supplied by the oral route. With any suspicion to NEC the
attending neonatologist was informed to visit and assess
the neonate. Gestational age was assessed from history of
the last menstrual period, by sonography and after birth
by the new Ballard scores.
Demographic and clinical data and potential risk factors that might have an effect on the incidence of NEC
were recorded from the medical records (Table 1).

3.1. Statistics

SPSS 16 was used. The 2_test was used to analyze the categorical data, along with Fisher’s exact test when applicable. The Student’s t test was used for continuous data.
A logistic regression model was used to analyze the treatment effects on the primary and secondary outcome vari-
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ables (death, NEC, and sepsis).
Table 1. Demographic Data and Basic Variables Between the Two Groups
Variables

Group A (n = 69)

Group B (n = 67)

Male

32 (46.38)

42 (62.69)

Female

37 (53.62)

25 (37.31)

C/Sa

52 (75.36)

60 (89.55)

17 (24.64)

7 (10.45)

31.12 ± 2.68

31.37 ± 2.6

1372.83 ± 279.03

1440.90 ± 252.68

≤ 1000

11 (15.94)

5 (7.46)

1000-1500

33 (47.83)

29 (43.28)

1501-1800

25 (36.23)

33 (49.25)

1 min

7.84 ± 1.56

7.79 ± 1.21

5 min

9.25 ± 1.06

9.2 ± 0.9

yes

25 (36.23)

26 (38.81)

no

44 (63.77)

41 (61.19)

yes

15 (21.74)

14 (20.9%)

no

54 (78.26)

53 (79.1%)

yes

34 (49.28)

33 (49.25)

no

35 (50.72)

34 (50.75)

yes

38 (55.07)

30 (44.78)

no

31 (44.93)

37 (55.22)

yes

8 (11.59)

4 (5.97)

no

61 (88.41)

63 (94.03)

yes

19 (27.54)

8 (11.94)

no

50 (72.46)

59 (88.06)

yes

1 (1.45)

0 (0)

no

68 (98.55)

66 (100)

yes

10 (14.49)

5 (7.46)

no

59 (85.51)

62 (92.54)

3.57 ± 3.39

3.38 ± 3.13

4.54 ± 3.44

4.22 ± 2.95

Sex, No. (%)

Delivery, No. (%)
NVDa

Gestational age (w), (mean ± SD)
Birth weight (g), (mean ± SD)
Birth weight, (g), No. (%)

Apgar, (mean ± SD)

CPR, No. (%)a
Initial steps

Advance

Surfactant, No. (%)

Mechanical Ventilation, No. (%)

Dopamine, No. (%)

Preeclampsia, No. (%)

Chorioamnionitis, No. (%)

PROMa, No. (%)

NPOaduration (d), (mean ± SD)

Age of starting enteric feeding, (mean ± SD)
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Type of feeding, No. (%)
breast milk

29 (42.65)

18 (27.27)

formula milk

4 (5.88)

4 (6.06)

both

35 (51.47)

44 (66.67)

yes

1 (1.45)

0 (0)

no

68 (98.55)

67 (100)

no

46 (66.67)

49 (73.13)

Grade I

9 (13.04)

9 (13.43)

Grade II

9 (13.04)

4 (5.97)

Grade III

5 (7.25)

3 (4.48)

Grade IV

0 (0)

2 (2.99)

yes

39 (56.52)

44 (65.67)

no

30 (43.48)

23 (34.33)

yes

7 (20)

8 (20)

no

28 (80)

32 (80)

yes

0 (0)

0 (0)

no

69 (100)

67 (100)

UTIa, No. (%)

IVHa, No. (%)

PDAa, No. (%)

Brufen, No. (%)

Umbilical artery catheter (UAC), No. (%)

a Abbreviations: CPR,cardio pulmonary resuscitation; CS, cesarean section; IVH, intra ventricular hemorrhage; PDA, patent ductus arteriosus; PROM,
premature rupture of memberane; NPO, nothing per Os; NVD, normal vaginal delivery; UTI, urinary tract infection

Statistical analysis used unpaired student t-test for continuous variables and chi-square test for categorical variables. Values were expressed for the mean and standard deviation. P-value less than 0.05 was considered significant.

4. Results

One hundred thirty six neonates were enrolled in the
study. 74 (54.4%) were male. The mean of gestational age
and birth weight were 31 weeks and 1407 grams, respectively (Table 1).
The mean age to start feeding was 4.36 days. There was
not any significant difference in the NEC, feeding tolerance, time to reach full feeding, sepsis and death between
the two groups (Table 2).

5. Discussion

Intestinal flora is supposed to have a considerable role
in the pathogenesis of NEC. The beneficial effect of probiotics as “good microbes” on the prevention of NEC in
premature and low birth weight neonates are shown by
a couple of studies, but according to our research, there
was no difference between the study and the control
groups regarding the incidence of NEC.
A prospective, masked, randomized control trial was
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performed by Hung-Chih Lin (14) to evaluate the effects of
probiotics in reducing the incidence and severity of NEC
in VLBW infants. The infants in the study group were fed
with Lactobacillus acidophilus and Bifidobacterium infantis
twice daily until discharge. Three hundred sixty-seven infants were enrolled: 180 in the study group and 187 in the
control group. The incidence of NEC (> stage II) was significantly lower in the study when compared to the control group (2 of 180 vs. 10 of 187), other risk factors such as
NVD, mechanical ventilation, postnatal steroid, Apgar at
5 min, were not significant.
In a double-blinded study accomplished in 12 Italian NICUs (15), five hundred eighty-five newborns with
a gestational age < 33 weeks or birth weight < 1500 g
were randomized to receive standard milk feed supplemented with Lactobacillus GG (Dicoflor), (Dicofarm,
Rome, Italy) in a dose of 6 × 109 CFU once a day until
discharge. Although UTIs (3.4% vs. 5.8%) and NEC (1.4% vs.
2.7%) were found less frequently in the probiotic group
compared to the control group, but these differences
were not significant. Bacterial sepsis was more frequent
in the probiotics group (4.4%, n = 11) than the placebo
group (3.8%, n = 9), but the difference was not significant.
There was also no difference between the two groups
regarding sepsis, feeding tolerance or hospital course.
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Table 2. Outcomes in the Two Groups
Outcomes

Time to full fed (d ), (mean ± SD)

Age at full fed (d ), (mean ± SD)

NEC, No. (%)

Group A (n = 69)

Group B (n = 67)

P-Value

13.83 ± 10.99

16.11 ± 14.82

0.33

18.30 ± 12.98

20.35 ± 15.78

no

59 (85.51)

59 (88.06)

Stage I

8 (11.59)

7 (10.45)

Stage II

1 (1.45)

1 (1.49)

Stage III

1 (1.45)

0 (0)

yes

45 (65.22)

40 (59.7)

no

24 (34.78)

27 (40.3)

27.2 ± 18.44

28.81 ± 19.51

21.12 ± 15

23.88 ± 18.58

Sepsis (clinical), No. (%)

Hospital course (d ), (mean ± SD)

Duration of antibiotics (d ), (mean ± SD)

Death, No. (%)

0.51

yes

8 (11.59)

4 (5.97)

61 (88.41)

63 (94.03)

178

0.62
0.34
0.25

no

In a bicentric, double-blind, randomized controlled
clinical trial performed by Carole Rouge (16) which was
stratified for center and birth weight, 45 infants received
enteral probiotics (Bifidobacterium longum BB536 and
Lactobacillus rhamnosus GG; BB536-LGG), and 49 received
placebo.
The primary endpoint was the percentage of infants
receiving 50% of their nutritional needs via enteral feeding on the 14th day of life for the evaluation of feeding
tolerance by probiotics. The primary endpoint was not
significantly different between the probiotic (57.8%) and
placebo (57.1%) groups (P ¼ 0.95).
A double-blind, placebo controlled, randomized clinical
study was performed (17) on 69 preterm infants to investigate the role of Bifidobacterium lactis Bb12 supplementation in modifying the gut microbiota. Bifidobacterial
numbers were significantly higher in the probiotic than
placebo. The infants supplemented with Bb12 also had
lower viable counts of Enterobacteriaceae and Clostridium
spp. than the infants in the placebo group. Supplementation of B. lactis Bb12 did not reduce the colonization by
antibiotic-resistant organisms in the study population.
In our study some factors could be responsible for the
state of "no difference" such as: species of probiotics, the
control group and small number of NEC in our neonates
during the study period. There were only two cases of
stage II NEC and one case of stage III NEC (2.2%) in our neonates which is fortunate for our NICU but we expected
that at least other major problems such as feeding intolerance, age to reach to full feeding and late onset sepsis
improves, but these data also had no difference between
the study and control groups.
Other factor that might have an impact on the result of

0.43
1.00

our study was the dose of supplied probiotics, although
according to the literature probiotics were used in doses
up to 25 × 109 CFU (12, 15, 18-20), but we used its low dose,
because this was the first study in our country and especially in ELBW infants, but in future study we hope to use
higher doses of probiotics.
Another factor that may have an interaction with the
colonization and function of the probiotics or even the
incidence of NEC is concurrent antibiotic usage. Antibiotics (initially Ampicillin plus Gentamicin and changing
according to the clinical and paraclinical findings) were
used in almost all of the neonates that were enrolled in
the study. This extensive use of antibiotics may lessen the
function of probiotics by impeding their viability and/or
colonization. Moreover, antibiotics may reduce the incidence of NEC in both groups, impeding to detect a difference between the groups.
In conclusion, although our study did not support benefit of probiotics for prevention of NEC and reduction of
other problems, but we must notice the Cochrane review
at 2011 which showed in 16 randomized trials with 2842
infants, that enteral probiotics reduced the incidence of
sever NEC, morbidity and NEC related mortality (18), also
Deshpande meta-analysis (21) of 11 RCT with 2176 VLBW
infants (< 34 w. gestation) showed that probiotics supplement had significant benefit to reduce NEC and death, so
they recommend no need for additional study anymore
and give probiotics if it is available!.
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