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ABSTRACT: Preterm infants are prone to abnormal bacterial colo-
nization of the intestine with ensuing adverse health effects. To
examine whether the oral application of Bifidobacterium lactis Bb12
(probiotic) may improve selected indicators of health status in pre-
term infants, a double blind, placebo controlled randomized clinical
study was performed on 69 preterm infants (�37 gestation wk).
Weight gain was defined as the primary outcome measure. In anti-
biotic-treated infants, probiotic supplementation resulted in a higher
body weight compared with placebo (p � 0.001). In the probiotic
group, the fecal pH was significantly lower than in the placebo group.
The fecal concentrations of acetate and lactate were 42 and 38%
higher, respectively, in the probiotic group than in the placebo group.
Fecal calprotectin was lower in the probiotic group (p � 0.041),
while fecal IgA was higher in this group compared with the placebo
group (p � 0.021). (Pediatr Res 64: 418–422, 2008)

Low-birth-weight premature infants, in particular those de-
livered by caesarian section, are often ill equipped for

life outside the womb. Because they spend the first few days
of their life in an intensive care setting, they develop an
abnormal pattern of microbial bowel colonization (1) and the
proliferation of pathogens may lead to infections such as
septicemia or necrotizing enterocolitis (2, 3). These infants are
prone to infections because the mucosal barrier is poorly
developed in low-birth-weight infants. The administration of
probiotics has been proposed to reduce bowel infections in
preterm infants by improving the mucosal barrier, thereby
limiting the translocation of bacteria and bacterial products
(4–6).

Previous studies indicated that probiotics might offer po-
tential benefits to preterm and term infants (7–10). A recent
review, which also included the first part of the present study,
concluded that probiotics might reduce the risk of necrotising
enterocolitis in preterm neonates with less than 33 wk gesta-

tion (11). Most of these studies looked at the effect of probi-
otics on microbial composition and weight gain as well as the
occurrence of necrotizing enterocolitis, urinary tract infection,
and sepsis. The present study investigated the effect of Bi-
fidobacterium lactis Bb12 supplementation on body weight,
alteration of gut fermentation patterns, and immunologic pa-
rameters such as fecal calprotectin and IgA. The microbiolog-
ical data from this study have already been published (12).

METHODS

Study design and study population. A double-blind placebo-controlled
randomized prospective clinical trial was carried out on 69 preterm infants
born between August 2003 and July 2005 at the Ernst von Bergmann hospital
in Potsdam, Germany. The study was in agreement with the European “Good
Clinical practice” and the protocol was approved by the Ethical committee of
the University of Potsdam (decision number 3/15). Informed consent from the
parents was obtained before enrollment of the infants. The study design has
been described previously (12). In brief, infants born with a gestational age
�37 wk were enrolled in the study and randomized into the placebo or the
probiotic group with the help of the Randoma software version 4.3 (HaSoTec,
Rostock, Germany) on the basis of birth weight, gestational age at birth,
gender, arterial umbilical cord pH, and Apgar score at 5 min. The physicians,
nursing staff, parents, and the scientists analyzing the data were blinded to the
treatment assignment. The placebo (human milk fortifier without probiotics:
FM 2000B) and the probiotic preparation (FM 2000A) were both supplied by
Nestlé, Konofingen, Switzerland. The probiotic supplement contained 2 �
109 cells of Bifidobacterium lactis Bb12 per g of powder, whereas the placebo
was without Bb12. The probiotic group received oral feedings of 1.6 � 109

cells on d 1–3 and 4.8 � 109 cells from d 4 onwards daily. The first dose
dissolved in water was given within 24 h after birth whenever possible. The
infants received placebo or probiotic for 21 d. The study preparation was
given in addition to mother’s milk or donated human milk. The daily-
consumed amounts of milk were noted.

Fecal samples were collected between 00:00 and 08:00 h for 21 d after the
first supplementation. Because the quantity of stool samples was a limitation,
not all parameters, except the fecal pH, could be determined for each fecal
sample. Stools collected on Mondays and Thursdays were processed for short
chain fatty acids (SCFA) and lactate analysis, whereas those collected on
Wednesdays were assayed for calprotectin and IgA. The samples for micro-
bial analysis were collected on Tuesdays; the corresponding data have been
reported previously (12). The number of subjects analyzed for a given parameter
depended on the availability of a fecal sample at the respective sampling time; the
number of subjects analyzed is indicated for each parameter.

Infants were subjected to standard antibiotic therapy used in the hospital
when needed, which included cefotaxime (200 mg kg�1 � d�1) and piperacil-
lin (150 mg � kg�1 � d�1) in the first 3 d, and vancomycin
(15 � mg � kg�1 � d�1) and amikacin (15 � mg � kg�1 � d�1) after the third day.
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Imipenum (60 � mg � kg�1 � d�1) was given only in some cases. Baseline and
the routine clinical data were collected for all infants and their mothers.

Fecal pH, short-chain fatty acids, and lactate. The fecal pH was mea-
sured directly on freshly passed stool with a Hamilton Biotrode glass elec-
trode connected to a MV88 pH meter (both from Präcitronic, Dresden,
Germany). SCFA were measured from 300 mg fresh feces as described (13)
with a HP 5890 series II gas chromatograph (Hewlett-Packard, Waldbronn,
Germany). For lactate determination, the fecal sample was diluted 10-fold,
heated to 80°C for 20 min to inactivate the enzymes and then finally
centrifuged at 15,000 � g for 10 min. The supernatant was analyzed for
lactate enzymatically (Boehringer Mannhein/R-Biopharm, Darmstadt, Ger-
many). The measurements were done in a microtiter plate and the absorption
was read by a microtiter plate reader (Spectra RAINBOW, SLT Labinstru-
ments, Austria).

Fecal calprotectin and IgA. Fecal calprotectin and IgA were measured
with the PhiCal and the IgA ELISA kits (Immundiagnostik AG, Bensheim,
Germany), respectively, using 100 mg of fresh feces. The absorbance was
measured at 405 nm with the above microtiter plate reader.

Data analysis. All statistical analyses were performed with the statistical
package SPSS 11.5 (SPSS Inc., Chicago, IL). Sample size calculation was
based on an assumed body weight difference between treatment groups of
100 � 140 g. For this effect size, the power of the study was 86% with a
sample size of 35 subjects per group and a given � � 0.05. Because the
variables were not normally distributed, they were log transformed before
performing any analysis. Geometric estimated means and standard errors are
given in all figures. The influence of antibiotic therapy was also checked by
dividing the probiotic and the placebo group infants into two groups: one
without antibiotic therapy and the other in which the infants received antibi-
otic therapy for one or more days in the specified week. Antibiotic therapy
was encoded on a weekly basis. Consequently, individual infants receiving
antibiotic therapy changed from week to week.

Linear mixed effects modeling was used to estimate the effects of probiotic
treatment on body weight. The hypothesis was that the difference between
probiotic and placebo group changes over treatment time. For analysis, the
data were adjusted for gestational week, birth weight, and gender. Age was
centered at the end of treatment period (age � 3 wk or 21 d) for ease of
interpretation of the intercept, because a zero age intercept would not be
meaningful. The intercept represents the endpoint of the treatment period. For
all models, fixed effects included were treatment (probiotic versus placebo)
and antibiotic therapy. The effect was tested for significant fixed effects on the
intercept and slope. A general mixed linear model was used for analyses with
subject as a random factor and antibiotic therapy, treatment (probiotic or
placebo), time of sample collection (week)*treatment, and antibiotic
therapy*treatment as fixed factors for all other parameters (fecal pH, SCFA,
lactate, calprotectin, and IgA). Intrasubject correlation was calculated to
estimate associations between fecal SCFA, IgA, calprotectin, lactate, and the
numbers of bifidobacteria. The latter were reported elsewhere (12). The
missing data at any particular time point was not taken for analysis. Weekly
and overall effect of probiotic supplementation (considering data from all 3
wk) was calculated. The differences were considered significant at p � 0.05
for all analyses.

RESULTS

Study group characteristics and effect of supplementation
on weight gain. Of the 69 infants in the study, 37 and 32
infants were randomly assigned to the probiotic and the
control group, respectively. The characteristics of the study
population are shown in Table 1. All infants in the study were
of German ethnic background, except one infant who was of
Russian descent. During the study period of 3 wk, 46 infants
received antibiotics (probiotic group: 26; placebo group: 20)
for one or more weeks. Probiotic and control group did not
differ with regard to the parameters chosen for randomization
(Table 1). There were no significant differences in birth
weight, arterial umbilical cord pH and Apgar score at 5 min
between the infants born as singles, twins and triplets.

Probiotic treatment had no effect on weight when all infants
were considered [placebo 1836 � 71, probiotics 1882 � 53,
p � 0.062; data given for d 21 (time variable, centered at d
21)]. When we investigated antibiotic treatment as a potential
effect modifier, there was also no difference in weight between
the probiotic and the control group for the infants without
antibiotic treatment (placebo 1941 � 79, probiotics 1900 �
78) (Fig. 1A). However, when the infants receiving antibiotics
were compared, infants in the probiotic group had signifi-
cantly higher weight than those in the placebo group [placebo
1375 � 74, probiotics 1574 � 65, p � 0.001 for d 21 (time
variable, centered at d 21) � antibiotic � treatment] (Fig. 1B).
Interestingly, the milk intake by the infants in the placebo
group was significantly higher than by the infants in the

Figure 1. Influence of probiotic treatment on
body weight. (A) Infants not treated with anti-
biotics (p � NS; probiotic: n � 11, placebo �
12), (B) antibiotic-treated infants (p � 0.001;
probiotic: n � 26, placebo � 20). Placebo
group (E); probiotic group (F).

Table 1. Study group characteristics. The probiotic and the
placebo group contained 37 and 32 infants, respectively

Probiotic Placebo

Mode of delivery (%)
Vaginal 13.5 9.4
Caesarian 86.5 90.6

Birth (%)
Single 56.8 53.1
Twins 37.8 34.4
Triplets 5.4 12.5

Mode of feeding (%)
Breast milk feeding (mother’s milk or

donor milk) mostly supplemented
with fortifier

83.8 84.4

Formula feeding 16.2 15.6
Randomization parameters

Gender (%) (p � 0.806)
Female 62.2 65.6
Male 37.8 34.4

Birth weight (g) (p � 0.947) 1449 � 343 1398 � 331
Arterial umbilical chord pH (p � 0.165) 7.31 � 0.07 7.29 � 0.09
Gestation week (p � 0.575) 31.05 � 2.31 31.27 � 2.56
Apgar at 5 min (p � 0.698) 8.03 � 1.50 8.19 � 1.44
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probiotic group (placebo 226 ml/wk � 5.25; probiotic 199
ml/wk � 4.16, p � 0.001).

Fecal SCFA, lactate, and pH. The total concentrations of
fecal SCFA in the probiotic (n � 34) and placebo (n � 31)
groups are shown in Figure 2A. Considering the data from all
time points, the probiotic group had a higher total fecal SCFA
concentration (p � 0.001) than the placebo group and the
differences were most pronounced in wk 2 and 3 (p � 0.013
and p � 0.001, respectively). Acetic acid was the major SCFA
in both groups, contributing 90% to the total SCFA. The
concentration of acetate was significantly higher in the probi-
otic than in the placebo group (p � 0.001) with more pro-
nounced differences in the second and third weeks (Fig. 2A,
p � 0.001 for both weeks). The differences between the two
groups were also significant for the infants who received
antibiotics (p � 0.001, Fig. 2B). Fecal propionic and butyric
acid concentrations were consistently higher in the probiotic
than in the placebo group (p � 0.040; p � 0.026, respec-
tively). The geometric mean of the molar proportions of SCFA
profile for all time points was similar for the probiotic and the
placebo group (C2:C3:C4:C5; probiotic: 90:4:3.2:2; placebo:
89.3:5:3:2).

Lactate was produced by the intestinal microbiota of all
infants in both study groups (probiotic, n � 35; placebo, n �
31). Fecal lactate increased with age in both groups (not
shown), but the infants in the probiotic group had a 38%
higher fecal lactate concentration (p � 0.011) (Fig. 3). The
differences between the two groups were more pronounced in
the infants without antibiotic therapy (p � 0.009). In the
infants receiving antibiotics, the fecal lactate concentrations
were not significantly different between the probiotic and the
placebo group.

Bifidobacterial numbers, presented elsewhere (12), corre-
lated significantly with fecal acetate and lactate (r � 0.243,
p � 0.050; r � 0.336, p � 0.010, respectively). A significant
correlation was also found for fecal acetate and lactate (r �
0.490, p � 0.001). The feces from infants in the probiotic
group (5.68 � 0.09) had a significantly lower pH (p � 0.001)
than those in the placebo group (6.38 � 0.10).

Fecal calprotectin and fecal IgA. The fecal calprotectin
levels were significantly higher (p � 0.041) in the placebo

group than in the probiotic group considering all data points.
Although the difference between the two groups was not
significant for the infants receiving antibiotics, it was signif-
icant for the infants without antibiotic treatment (p � 0.007)
(Fig. 4).

Total fecal IgA levels were 44% higher in the probiotic
(n � 19) than in the placebo group (n � 16; p � 0.021). The
fecal IgA concentration increased from wk 1–2 in the probi-
otic group, but not in the placebo group (Fig. 5A). However,
this difference was only significant for infants without antibi-
otic treatment (Fig. 5B). A trend for a positive correlation of
fecal IgA with the cell counts of bifidobacteria (12), was
observed (r � 0.344, p � 0.080).

DISCUSSION

It is known that very low-birth-weight infants lose up to
10% of their initial weight during the immediate postnatal
period (6). This creates a significant growth deficit, which

Figure 2. (A) Effect of probiotic supplementation on fecal SCFA and acetate concentrations over a period of three study weeks (probiotic: n � 34, placebo �
31) given as geometric means. �: total SCFA in the placebo group; f: total SCFA in the probiotic group; `: acetate in the placebo group; o: acetate in the
probiotic group. (B) Effect of probiotic supplementation on fecal acetate concentration in all infants (p � 0.001; probiotic: n � 31, placebo � 28),
antibiotic-treated infants (p � 0.001; probiotic: n � 23, placebo � 19), and in infants without antibiotic treatment (p � 0.001; probiotic: n � 11, placebo �
12) over the entire study period (3 wk). Placebo group (�); probiotic group (f). *p � 0.05; §p � 0.001.

Figure 3. Effect of probiotic supplementation on fecal lactate concentration
(in micromole per gram feces) in all infants (p � 0.011; probiotic: n � 35,
placebo � 31), antibiotic-treated infants (probiotic: n � 24, placebo � 20),
and in infants without antibiotic treatment (p � 0.009; probiotic: n � 10,
placebo � 12) over the entire study period of 3 wk. Placebo group (�);
Probiotic group (f). *p � 0.050; **p � 0.010.
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persists throughout hospitalization in a neonatal intensive care
unit. In the present study, antibiotic-treated infants who received
probiotics gained more weight than those supplemented with
placebo, although the infants in the probiotic group consumed
smaller amounts of milk. Indeed, the weight gain during the
observation period was four times higher for the infants in the
probiotic group than for the infants in the placebo group (approx-
imately 450 g versus 100 g; Fig. 1B). It is not completely clear
why BB12 treatment only affected the weight of infants who
were treated with antibiotics. However, this finding may in-
dicate that probiotic treatment is advantageous in infants
suffering from bacterial infections and requiring antibiotic
treatment. Because the infants in the antibiotic-treated group
were already ill, the probiotics showed a higher effect in these
infants. It can be proposed that either the infants in the
probiotic group lost less of their initial weight than the infants
in the placebo group or they digested and used the food more
effectively than the ones in the latter group. Improved weight
gain in preterm infants on supplementation with Bifidobacte-
rium breve YIT4010 has also been shown previously (7).

The infants without antibiotic treatment had a higher body
weight at the end of the observation period (approximately

1900 g for both the probiotic and the placebo group) than
those with antibiotic treatment (approximately 1370 g for the
placebo and approximately 1580 g for the probiotic group).
This can be explained by the fact that the infants with antibi-
otic treatment had a lower birth weight than those without it,
which may indicate that a low-birth-weight predisposes pre-
term infants to the need for antibiotic treatment.

In the first few days of life, the large bowel contains no or
very few bacteria that degrade dietary products or endogenous
glycoproteins. Moreover, the availability of exogenous sub-
strates for intestinal bacteria is limited because of the low food
intake during this period. Therefore, the production and ab-
sorption of SCFA are unlikely to occur at significant levels
until the infant acquires an anaerobic microbiota (14) and milk
uptake increases. Fecal SCFA reflect bacterial fermentation of
carbohydrates and proteins of exogenous and endogenous
origin. Very little is known about the fecal SCFA concentra-
tions in premature infants, especially in relation to digestive
disorders and probiotic supplementation.

Bifidobacteria produce acetate and lactate at a molar ratio of
3:2. The total fecal SCFA concentrations in the probiotic
group were higher than those in the placebo group, with
acetate accounting for approximately 90% of the total SCFA.
Other studies on premature infants reported molar acetic acid
proportions of 65% (15) and 69% (16). So far, no previous
study has monitored the fecal lactate levels after supplemen-
tation of probiotics in preterm infants. The fecal concentration
of lactate is less than 2–3 mM in adults (17) but considerably
higher in infants. This can be attributed to a lack of lactate-
degrading bacteria in infants. In the present study, the con-
centration of lactic acid in the feces increased almost 2.6-fold
from wk 1 to 3 in the infants supplemented with B. lactis
Bb12. This can be linked to the observed increase in the
number of bifidobacteria during this time period (12) and is
evident from the significant positive correlation between the
two parameters. Improved lactose digestion has been reported
for humans by ingestion of unfermented milk containing
Bifidobacterium longum (18). Because, human milk contains
relatively high concentrations of lactose, bifidobacteria have
an advantage over other bacteria that do not possess �-galac-
tosidase. The lower fecal pH detected in the infants of the
probiotic group can be explained by the higher amounts of
fecal acetic and lactic acids found in these infants.

Figure 4. Effect of probiotic supplementation on fecal calprotectin concen-
tration (in milligram per kilogram feces) in all infants (p � 0.041; probiotic:
n � 34, placebo � 29), antibiotic-treated infants (probiotic: n � 24, pla-
cebo � 18), and in infants without antibiotic treatment (p � 0.007; probiotic:
n � 10, placebo � 11) over the entire study period (3 wk). Placebo group (�);
probiotic group (f). *p � 0.050; **p � 0.010.

Figure 5. (A) Effect of probiotic supplementa-
tion on fecal IgA concentrations (in milligram
per kilogram feces) of preterm infants over 3
wk. (B) Effect of probiotic supplementation on
fecal IgA concentrations in all infants (p �
0.021; probiotic: n � 19, placebo � 16), anti-
biotic-treated infants (probiotic: n � 13, pla-
cebo � 13), and in infants without antibiotic
treatment (p � 0.018; probiotic: n � 6, pla-
cebo � 3) over the entire study period (3 wk).
Placebo group (�); probiotic group (f). *p �
0.050; **p � 0.010.
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Calprotectin is a 36.5 kD calcium and zinc binding protein,
which constitutes approximately 60% of the soluble cytosolic
proteins in the human neutrophil granulocytes (19). Elevated
concentrations of fecal calprotectin are found in patients with
colorectal cancer, inflammatory bowel disease, bacterial in-
fections of the gastrointestinal tract and after treatment with
nonsteroidal antiinflammatory drugs (20–22). It is a simple
noninvasive marker to evaluate the inflammatory status of the
gastrointestinal tract of neonates, particularly of those at risk
of necrotizing enterocolitis, preterm infants, and infants with
intrauterine growth retardation (23). Few studies have looked
at the fecal calprotectin levels in preterm infants (24–26), but
none of them examined the effect of probiotic supplementa-
tion. In the present study, the infants in the probiotic group
had a significantly lower concentration of fecal calprotectin
than those in the placebo group. Bb12 supplementation might
help in mucosal immunity maturation and attenuation of in-
flammatory responses to dietary and bacterial antigens.

Secretory IgA plays a central role in local immunity. It has
a significant function in creating a barrier against infections by
pathogenic bacteria or viruses (27). An increase in total fecal
IgA (2.9-fold) in healthy children in response to supplemen-
tation with B. lactis Bb12 has been shown previously (28). We
observed a 45% increase in the total fecal IgA concentration
from wk 1 to 2 in the probiotic group whereas there was no
change in the concentration during the entire study period of
3 wk in the placebo group.

In conclusion, dietary supplementation of preterm infants
with B. lactis Bb12 starting early after birth led to an increase
in fecal acetate, lactate, and total fecal IgA and to a decrease
in fecal calprotectin. A significantly higher body weight in
response to probiotic supplementation was only observed in
infants treated with antibiotics.
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