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Diet and faecal flora in the newborn: nucleotides

S E Balmer, L S Hanvey, B A Wharton

Abstract
Breast milk contains nucleotide salts that
are only present in minimal amounts in
modern infant formulas prepared from
cows' milk. Nucleotides have been sug-
gested as cofactors for the growth of
bifidobacteria in vitro. Bifidobacteria are
found to be more numerous in the faeces
of breast fed babies compared with those
offormula fed babies.

Faecal flora were examined at 2 weeks
of age in 32 babies who from birth had
been fed a whey based formula supple-
mented with nucleotide monophosphate
salts, 33 babies fed an unsupplemented
formula, and 21 breast fed babies. Faecal

Sorrento Maternity flora were also examined at 4 weeks, and 7
Hospital, Birmingham weeks but with fewer babies in each group.
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Table 1 Composition of thefornulas compared with breast milk (per litre)

Formula*
Mature breast milk12 13

Whey with iron: Why with iron: (colostrum)14
no added added nucleotides
nucleotides (W) (W+N) Mean Range

Protein (g) (nitrogenx 6 38) 17-5 17-5 11
Casein (%) 40 40 28
Whey protein (%) 60 60 72
Iron (mg) 8-4 8-4 0-8
Phosphorus (mg) 330 330 150
Cytidine monophosphate (mg) 2-7 16-8 4-6 (17-8) 1-5-18-0
Adenosine monophosphate (mg) 0-3 6-1 1-7 (11-6) 0-5-7-6
Uridine monophosphate (mg) 0-3 5-6 1-8 (5-7) 0-7-12-4
Inosine monophosphate (mg) ND 2-8 2-3 (NT) 0-5-6-4
Guanosine monophosphate (mg) 0 4 2-7 1-4 (1-2) 0-63-7

*Information supplied by the manufacturers (Wyeth Ayerst) based on their internal analysis.
ND - not detected; NT - not tested.

Table 2 Details of babies taking part in the study

Formula

Whey with iron: Whey with iron:
no added nucleotides (W) added nucleotides (W+N) Breast milk

Week 2
No of babies 33 32 21
Sex
Male 20 17 12
Female 13 15 9

Race
White 32 30 18
Asian 1 1 1
Afro-Caribbean 0 1 2

Mean (SD) birth weight (g) 3250 (310) 3500 (510) 3260 (430)
Week 4
No of babies 26 25 12
Week 7
No of babies 22 23 0

this group of babies. Supplementation of
a formula with nucleotide salts did not
make the faecal flora closer to that
of breast fed infants as the growth of
bifidobacteria was discouraged.
While there may be arguments to sup-

port the addition of nucleotides to infant
formula the results of this study do not
support their addition for the enhance-
ment of bifidobacteria in the faecal flora.
(Arch Dis Child 1994; 70: F137-F140)

In previous studies we have shown that the
faecal flora of a breast fed baby is quite differ-
ent from that of a normal formula fed baby. 1A
Breast fed babies were always found to have a
predominance of commensal organisms such
as bifidobacteria in their faeces, whereas in
bottle fed babies there were large numbers of
potential pathogens such as Escherichia coli.
Dietary factors such as bovine lactoferrin, iron,
and the casein/whey ratio were studied to
establish their effects on the flora, both singly
and in combination. Of the dietary factors
examined a whey based formula without added
iron or bovine lactoferrin produced a faecal
flora closest to that of a breast fed baby but it
was still very different.

Other factors in breast milk that could be
responsible for this difference in faecal flora are
numerous but one possibility is the nucleotides
present in breast milk but present in trace
amounts in formulas prepared from cows'
milk. There has been recent interest in dietary
nucleotides as 'conditionally essential nutri-
ents' and some evidence that they enhance cer-
tain functions such as cellular immunity, lipid
metabolism, and the intestinal response to
injury in the newborn.5-8 Furthermore, in vitro
studies have shown that nucleotides can act as
growth factors for some strains of bifidobac-
teria.9 10 One in vivo study has suggested that
the addition of nucleotides to an infant formula
enhances the growth of bifidobacteria in the
gut of newborn babies. 1'

This study examines further the effect of
dietary nucleotides in vivo on the faecal flora of
newborn babies.

Subjects and methods
DIET AND BABIES
Mothers from one postnatal ward at Sorrento
Maternity Hospital in Birmingham, who had
delivered vaginally a normal baby at term,
weighing more than 2500 g, and who had defi-
nitely decided not to breast feed, were invited
to take part in the study. If they agreed and
gave written consent their baby was assigned to
the formula that was on offer during that week.
Two formulas were available and the one
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Figure 1 Counts of individual organisms (log 10 colony forming units (cfu)/g wetfaeces) at 2 weeks. Median count shown by a horizontal broken line.
W, whey unsupplementedformula; W+N, wheyformula supplemented with nucleotides; BR, breastfed. *Number of babies colonised significantly
differentfrom breastfed babies (p<0 05). tCounts in faeces offormula fed babies significantly differentfrom those found in breastfed babies (p<00S).
tCounts in faeces ofunsupplemented wheyfed babies (1 significantly different to thosefrom babies fed the nucleotide supplementedformula (W+N)
(p<OOS).

Table 3 Composition offaecalflora at week 4 (counts expressed asX lO0 colonyforming
units/g wet weight)

Formula

Whey with iron: Whey with iron:
no added nucleotides (W9 added nucleotides (W+N) Breast milk
(n=26) (n=25) (n= 12)

E coli
No (0/%) babies colonised 22 (85) 18 (72) 9 (75)
Median count 0 3 0 1 0-15
Range of counts 0-30 0-6 0 0-5 0

Other coliforms
No (%) babies colonised 11 (42) 5 (20) 2 (17)
Median count 0 0 0
Range of counts 0-5 0-1 40 0-0 1

Staphylococci
No (0/%) babies colonised 4 (15)* 4 (16)* 9 (75)
Median count Ot Ot 0 004
Range of counts 0-0 005 0-0 04 0-2 0

Enterococci
No (%/6) babies colonised 20 (77)*t 24 (96)* 5 (42)
Median count 10OI ft 0
Range of counts 0-50 0-8 0-7 0

Bifidobacteria
No (%) babies colonised 17 (65) 11 (44) 8 (67)
Median count 0 01 0 1 0
Range of counts 0-200 0-40 0-30

Lactobacilli
No (%/6) babies colonised 11 (42) 11 (44) 6 (50)
Median count 0 0 0
Range of counts 0-500 0-0 5 0-0-3

Bacteroides
No (%/o) babies colonised 17 (65) 15 (60) 4 (33)
Median count 2-0 1.0 0
Range of counts 0-40 0-70 0-4-0

Clostridia
No (0/%) babies colonised 12 (46) 13 (52) 8 (67)
Median count 0 0 00001 0 001
Range of counts 0-0 2 0-08 03 0-07

Significant differences by x2 test: *different from breast fed babies, tdifferent from babies fed
W+N; by Mann Whitney test: tdifferent from babies fed W+N.

offered was changed weekly. Once assigned to
a study formula the baby received the same

formula for seven weeks. The formulas were

specially prepared by Wyeth Ayerst and were

based on SMA Gold, a whey dominant
formula with added iron, with (W+N) and
without (W) added nucleotides (table 1). They
were supplied as liquid ready to feed formulas
in glass bottles for the first 14 days of feeding
and in combi blocks thereafter. Breast fed
babies from the same ward were also recruited
for the study. The details of all babies are

shown in table 2. Anthropometric measure-

ments were taken at 2, 4, and 7 weeks and
there was no difference in growth and weight
gain in the three dietary groups during the
period of the study.

PROCEDURES
Faeces were collected at weeks 2, 4, and 7. The
methods for collection, transport, storage, and
for the microbiological examination of faeces
were exactly as described in the previous
studies in this series. 1

STATISTICAL ANALYSIS

The results were analysed using the Mann-
Whitney and Wilcoxon tests for the compari-
son of distributions (actual counts of bacteria)
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Week 2

n = 21

~~~~T T 1fl~.....
--

Week 4
Breast milk

n = 12

t

Formula - no added nucleotides (W)

n =33 n = 26

* t

Formula - added nucleotides (W + N)

n = 32

COUNTS OF INDIVIDUAL ORGANISMS
Week 2 (fig 1)
The addition of nucleotides to the formula
(W+N) was associated with: (1) More babies
(81%) were colonised with E coli compared
with those fed W (61%) (p=004) or breast
milk (52%) (p=0-01). (2) Fewer babies (47%)
were colonised with bifidobacteria compared
with breast fed babies (65%) (p=0-012). (3)
Lower counts of enterococci compared with
the W babies (p=0-01) but higher counts than
breast fed babies (p<0001). (4) Lower counts
of bifidobacteria than theW babies (p=0037)
and lower than breast fed babies (p=0012).
(5) Higher counts of bacteroides compared
with breast fed babies (p=0-0 17).

Weeks 4 and 7 (table 3)
The only difference between the two formula
fed groups of babies was that more babies fed
W+N (96%) were colonised with enterococci
at 4 weeks compared with theW group (77%)
(p=0049). Other differences were between
the breast fed babies and both groups of
formula fed babies. More formula fed babies
were colonised by enterococci and bacteroides
and more breast fed babies were colonised with
staphylococci. The bacterial flora of both
formula fed groups were similar at week 7 and
so the individual results are not shown.

E coli El Staphylococci
* Other coliforms E Enterococci

* Bifidobacteria E Bacteroides

* Lactobacilli ] Clostridia

Figure 2 Percentage of babies in whose faeces an organism was dominant (that is the
greatest count) at 2 and 4 weeks. *Unsupplementedformula fed babies (W) significantly
different from nucleotide supplementedformula fed babies (W+N) (p= 0-043).
tUnsupplementedformula fed babies (W9 significandy differentfrom breastfed babies
(p=0 0074).

and Fisher's exact and x2 tests for the compar-
ison of proportions.

ETHICAL APPROVAL
The study was approved by the ethics com-
mittee of the South Birmingham Health
Authority. The mothers of all babies taking
part gave written informed consent.

Results
The faecal flora results are described in two
ways: (1) Actual counts of individual organ-
isms obtained in each baby, analysed statisti-
cally using the Mann-Whitney test; the
presence or absence of an organism was
analysed by x2 test (fig 1 for week 2, table 3
for week 4). (2) Patterns of dominance in
individual babies (that is a particular genus
accounting for- the highest count in the
bacterial population examined) analysed
statistically by the x2 test (fig 2 for weeks 2
and 4).

PATTrERNS OF DOMINANCE (FIG 2)
At both 2 and 4 weeks of age bifidobacteria
were the dominant organisms in the breast fed
babies. E coli was the dominant organism at 2
weeks of age in more of the W+N babies
(19%) than the W group (3%) (p=0043). At 4
weeks fewerW babies (4%) had bifidobacteria
as the dominant organism compared to breast
fed babies (42%) (p=00074). At week 7
there were no differences in the patterns of
dominance.

Discussion
The addition of nucleotides to the whey domi-
nant iron fortified formula did not move the
faecal flora closer to that of a breast fed baby.
Indeed at 2 weeks the reverse effect was noted
with more babies colonised with E coli and a
reduction of counts of bifidobacteria.
We have, therefore, not confirmed the

results of Gil et al who found that nucleotides
enhanced the growth of bifidobacteria in the
faecal flora of infants. 1' We have considered in
some detail why this is so and five possibilities
were examined. (1) The microbiological tech-
niques used were different. They were, but the
methods were well accepted and each study
had its own controls. There seems nothing to
suggest the Birmingham techniques were any
less sensitive than the Granada ones. (2) The
babies were obviously different, but in both
centres they were normal healthy newborns, 33
in Granada, 86 in Birmingham. (3) The micro-
biological environment was obviously differ-
ent. We know, however, that it was relatively
stable in Birmingham because the faecal flora
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of the breast fed babies studied at different
times over the past eight years has shown little
change.1 2 (4) The babies' diets were different.
In Granada the babies were fasted for 6-8
hours after birth and received dextrose for
12-24 hours. In Birmingham the test feeds
commenced as soon as the baby wished to
feed, usually less than 4 hours. The Granada
formulas compared with those in Birmingham
contained slightly less protein (16 g compared
with 17-5 g per litre) and more medium chain
triglyceride (25% compared with less than
5%). The iron and the phosphate content of
the Granada formulas were not stated but
since they were based on Edamater (a Spanish
infant formula) it is likely the values were
similar to those in the Birmingham formulas.
(5) The amounts of nucleotide added were
different.
The nucleotide content ofhuman milk tends

to decrease throughout lactation (see table
1).13 14 The concentrations in colostrum and
early milk (48-72 hours) are much higher for
cytidine monophosphate, adenosine mono-
phosphate, and uridine monophosphate but
decrease rapidly to less than half of that value
during the first two weeks of lactation and are
subsequently stable.
The concentrations of nucleotides added to

the formula in our study were at about the
mean level found in the early stages of lactation
(48-72 hours). They were therefore, higher
than the mean concentrations found in mature
breast milk, although within the observed
range; they were also much higher than those
used by Gil et al. I I While it seems unlikely that
this higher level of supplementation could
account for the fact that we have found a faecal
flora even less like that of a breast fed baby in
babies fed nucleotide supplemented formula,
the possibility cannot be excluded.

Clearly studies from other centres will be
necessary to resolve these differences in obser-
vation. In the meantime, while there may be
arguments for adding nucleotides to an
infant formula5-8 to mimic the concentrations
observed in breast milk, we have found that
this addition does not promote a 'breast fed'
faecal flora.
This study was partly funded by Wyeth-Ayerst Laboratories,
Philadelphia, USA. We are grateful to Mrs C Boyle and Mrs L
Borman for the collection of specimens.
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