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Effect of feeding on infants' faecal flora
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SUMMARY In newborn English infants, the predominant faecal bacteria were coliforms and
bacteroides, as shown by Gram film, culture, and gas-liquid chromatography, whether they were
bottle fed or exclusively breast fed. This contrasted with bifidobacterial predominance in faeces
from breast-fed Nigerian infants. Presumably environmental factors other than exclusive breast
feeding are also important for establishing the flora. No differences were detected between the flora
of infants of atopic and non-atopic controls.

There have been many reports,' 2 including studies
from England,3 4 showing that the faeces of breast-
fed infants, unlike those of bottle-fed babies, have
bifidobacteria as the predominant organism. In two
other recent studies56 bifidobacteria predominated
in bottle-fed infants as well as in breast-fed ones.
Exclusive breast feeding protects against eczema7
and probably against other atopic allergy,8 and the
genetic component of atopic disease is, at least
partly, one of a number of common minor immuno-
deficiencies.9 We have speculated that a Gram-
negative flora might have an adjuvant role in atopic
sensitisation,'0 and Jarrett et al.11 showed the impor-
tance of adjuvants in IgE responses to ingested
antigens. We therefore studied the faecal flora of
breast- and bottle-fed babies of atopic and non-
atopic parents to see whether they differed on either
regimen, and were surprised to find Gram-negative
rod predominance in all groups.

Materials and methods

Fourteen newborn infants of parents with a history
of atopy (that is the mother or father had a history
of asthma, hay fever, or eczema), and 15 newborn
infants to non-atopic controls were recruited at the
maternity wards of St Bartholomew's Hospital,
London. Three mothers withdrew from the study,
and 2 were not studied for technical reasons. Non-
white mothers were excluded because of possible
differences in the incidence of atopy,12 and those
without a telephone were excluded. The sample was
essentially of middle and lower-middle socio-
economic class. No special attempt was made to
influence the mothers' decision on the type of feed-
ing. Seventeen infants were exclusively breast fed as

reported by nurses and mothers. Two of 12 bottle-
fed infants had been breast fed for 5 to 7 days after
birth. We also studied the faeces of 12 breast-fed
Nigerian infants born under village conditions
(age < 1 year) which had been frozen in liquid
nitrogen as 10% suspensions in beef extract-
glycerol broth.'3

Infants' faeces. Samples at about 2, 4, and 6 weeks
of age were collected from the homes by one person
(AS) and were processed within 6 hours of evacua-
tion. Eighty-one samples were studied, since only 2
were obtained from 6 of the infants. Broth and saline
suspensions were made. Between 0.5 and 1.0 g of
faeces were transferred to bottles containing beef
extract-glycerol broth to produce 10% suspensions
as calculated by weight difference. Two normal saline
suspensions were made: one at about 10% and the
other at about 25 %. Bottles were immediately frozen
at -700C. A smear of fresh faeces was also stained
with Gram's stain; 3 morphological groups (Gram-
negative rods, Gram-positive cocci, and Gram-
positive rods) were numerically graded (few,
moderate, very numerous).

pH values. The 10% saline suspensions were tested
in a single batch using a Pye Unicam Model 291 pH
meter.

Gas-liquid chromatography. These analyses were
carried out at the Public Health Laboratory., Luton,
using the 25% saline suspension. Volatile fatty
acids in each acidified faecal suspension and its non-
acidified control were ether-extracted,4 injected into
the column of a Pye Unicam 204 Series Chromato-
graph, and identified by their elution times in com-
parison with a standard mixture.
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Bacterial culture. Ten per cent faecal suspensions
in glycerol broth were stored at -700C for up to 3
weeks. Serial 10-fold dilutions were made in brain
heart infusion containing reducing agents.'4 The
media used for counting the various bacteria, with
typical dilution ranges, are shown in Table 1. Three
or 4 plates containing each medium were inoculated
with 50 ,1± of the dilutions of each sample, distributed
with glass spreaders. Aerobic culture, without added
CO2, was kept at 37°C for 24 hours. Anaerobic
cultures were incubated at 370C for 72 hours in Don
Whitley anaerobic jars containing 'cold' palladium

Table 1 Culture media for counting bacteria in faeces

Medium Dilutions Bacteria counted
plated

MacConkey's agar without Coliforms.
salt (Oxoid CM7b) 104-107 Enterococci.

Staphylococci

Rich medium* + neomycin Anaerobic strepto-
(20 pg/mi)2 104-107 cocci.

Bifidobacteria.
Bacteroides.
Clostridia.
Enterococci.
Staphylococci.
Veillonella

Rich medium + neomycin
(20 pg/ml) + vancomycin Bacteroides.
(7*5 pg/ml) 104-106 Veillonella

Reinforced clostridial agar
(OxoidCM 1 5 1) + 1 %
glucose + 1 % liver digest Bifidobacteria.
pH 53 103-l06 Enterococci

Lactose-egg yolk agar (Oxoid
CM3 + 1% lactose + 5%
egg yolk + 0 0025% 102-103 Clostridia
neutral red) + D-
cycloserine (400 pg/mi)24

*Rich medium: reinforced clostridial agar (Oxoid CM15 1) plus 1%
liver digest, plus 10% defibrinated horse blood.

Table 2 Mean log10 viable bacterial counts/g offaeces (and number positive) of English infants classified by
feeding type and history ofparental atopy, and of 12 breast-fed Nigerian infants

Infants Parental atopy Coliforms Bacteroides Veillonella Clostridia Enterococci Bifidobacteria Staphylococci

English
Age 2 weeks

Bottle Yes (4) 9.5 (4) 10.1 (2) 7.8 (2) 6-5 (3) 9.2 (2) ND ND
No (7) 9.4 (7) 8 5 (4) 6.2 (1) 7.2 (5) 8.9 (5) 7.6 (2) 7-2 (5)**

Breast Yes (8) 9.4 (7) 9.4 (5) 6.7 (2) 5-5 (7) 7.3 (2) ND 7-7 (6)
No(7) 9-4(6) 8.2(4) 8-2(2) 5-9(6) 7.7(3) ND 8.1 (6)

Age 4 weeks
Bottle Yes (5) 9.4 (5) 10.3 (2) 5.1 (3) 7.2 (4) 9.5 (5) ND ND

No (7) 9.7 (7) 9.9 (4) 7-5 (3) 7-0 (6) 8.7 (6) 9.6 (1) ND
Breast Yes (9) 9.3 (9) 9.5 (6) 7.5 (1) 6.4 (8) 7.0 (5) 4.3 (1) 7-8 (3)

No (7) 9.5 (7) 9-5 (5) ND 6.2 (6) 7.0 (4) ND 7-6 (3)
Age 6 weeks

Bottle Yes (5) 9.3 (5) 8.0 (3) 7-4 (4) 6-7 (4) 8.8 (5) 7.2 (1) ND
No (7) 9.7 (7) 9 3 (5) 6.4 (3) 6.0 (7) 9-2 (7) 6.4 (4) 8.9 (1)

Breast Yes (7) 9-6 (7) 8.9 (5) 7-3 (3) 5.8 (7) 8-2 (5) ND 8-6 (2)
No (8) 9.6 (8) 9.7 (4) 7-2 (2) 6-9 (6) 7.4 (6) 4.6 (2) 7.1 (2)

Nigerian
Breast (12) 6.4 (12) 8.6 (4) ND 4.8 (2) 8.5 (7) 9.6(12) 7.7 (2)

ND = not detected; **P=0-045 (Fisher's exact test).

catalyst under 90% H2 and 10% CO2. Single plates
for each sample were selected for counting. If two
counts of the same organism were made on different
media, the higher count was used. The guidelines of
Peach et al.14 were followed for the identification of
bacteria. All colony types growing anaerobically
were Gram-stained, counted, and subcultured
aerobically and anaerobically. Gram-negative
organisms growing only on anaerobic culture were
identified by their antibiotic response.15

Immunological tests. Ten of the infants of atopic
parents were examined at 12-14 weeks of life, blood
was taken, and they were skin-prick tested with
Dermatophagoides sp., Timothy grass, and cat
extracts, and control (Bencard). Serum immuno-
globulin G, A, and M were measured by radial
immunodiffusion and yeast opsonisation by the
method of Levinsky et al.16

Results

Direct smears of faeces. The predominant category
of organisms in Gram-stained smears of faeces was
consistent in all samples obtained from each infant,
except for 3 which were classified by the category
observed twice. Nine of the 12 bottle-fed infants
had a predominance of Gram-negative rods. Gram-
positive cocci were seen frequently, and were pre-
dominant in 2 infants. Gram-positive rods were
scanty, and predominated in 1 infant who was
bottle fed. In faeces of all 17 breast-fed infants,
Gram-negative rods predominated, and Gram-
positive rods and cocci were scanty. Very few
typical bifidobacteria were seen. By contrast, in
faeces of all 12 Nigerian breast-fed infants Gram-
positive rods were predominant, and in many cases
typical bifidobacteria were seen.
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Table 3 Bacteria in significant excess (in prevalence and counts) in 81 specimens offaeces of 19 bottle-fed
babies compared with 12 breast fed-babies

Aged 2 weeks Aged 4 weeks Aged 6 weeks

Organism P Organism P Organism P

Prevalencet Enterococci 0*04
Veillonella 0.03
Staphylococci* 0*02

Countst Clostridia < 0-025 Clostridia <0-05 Enterococci < 0.05
Enterococci <0*01

*More prevalent in breast-fed babies.
tFisher's exact test;
tMann Whitney U test;

Bacterial culture. The only significant difference in
faecal flora between infants of atopic and non-
atopic parents was a lack of staphylococci in the
faeces of bottle-fed infants of atopic parents at 2
weeks, P<0*05, Table 2. Because of this we com-
bined the atopic and non-atopic groups to analyse
the effect of breast and bottle feeding; in both
feeding groups coliforms and bacteroides predomin-
ated, and bifidobacteria were scarce, with a few
exceptions. The few significant (P<0.05) differences
of prevalence (number positive) or count of each
bacterial species are shown in Table 3 for each time
of study; there were excesses of enterococci, veillo-
nella, and clostridia in bottle-fed babies, and of
staphylococci in breast-fed babies, at 4 weeks, only
occasionally confirmed at 2 weeks and 6 weeks.

Table 4 shows ratios of different categories of
bacteria grown from infants' faeces. The only
significant difference was at week 4, when the Gram-
negative/Gram-positive ratio was higher in breast
than in bottle-fed babies, mainly because of an
excess of enterococci in the faeces of the latter. In
the faeces of 12 breast-fed Nigerian infants bifido-
bacteria were consistently the predominant
organisms (log1o mean 9*6 ± 0.17); coliforms were
consistently fewer (log1o mean 6-4 ± 0.49), Table 3.
The ratios of the different categories of organisms
are quite different from the English infants (Table 4).

Table 4 Ratios* of categories of the faecal flora of29
English infants and 12 Nigerian infants

English infants Nigerian
infants

2 weeks 4 weeks 6 wveeks < I year

Bottle Breast Bottle Breast Bottle Breast Breast

Gram-negative
Gram-positive 1 27.8 2.8** 92** 2-2 79.7 0.092Gram-positive
Aerobes 4 3.3 0.4 0.8 5.9 1.6 0.087Anaerobes
Coliforms 1.5 2.7 0.3 0.8 1.2 1.5 0-0006
All others

* Calculated from mean counts of bacteria in each category. **P <0.05
(Mann Whitney U test of replicate ratios).

pH values. The faeces of breast-fed babies had
significantly (P<0-001, Mann-Whitney U test) lower
pH values than those of bottle-fed babies at each age
studied (week 2, mean pH 5.9 and 6.8: week 4, pH 5
and 7.2; week 6, pH 6 and 7. 1).

Gas-liquid chromatography. The volatile fatty acid
mixtures detected by gas-liquid chromatography in
the faeces of 26 infants could each be placed in one
of 3 well-known categories in which one or two fatty
acids predominated (Table 5). None had the acetic
acid predominance which has been described in
association with a predominant bifidobacterial
flora.17 Three samples were available for study from
each of 10 infants, and 2 from another 10. The
different samples from each of these 20 gave con-
sistent results in 17. The fatty acids observed are
consistent with the expected metabolic products of
the organisms cultured.

Characterisation of atopy. Only 3 of the 10 infants
of atopic parents examined at 12-14 weeks had
symptoms possibly referable to atopy. Two sneezed
frequently and 2 had dry skin, one with cough,
wheeze, and colic; only the latter was thought to be
of atopic origin and he was bottle fed, but was skin-
test negative. Only one child gave one positive skin
test response (to Dernatophagoides sp.) and he was
breast fed. These 2 had the lowest serum IgA (both
4 IU/mI), lower than the department normal range.
Yeast opsonisation was normal in all.

Table 5 Predominant faecal fatty acids in breast- and
bottle-fed infants
Predominant Bottle Breast
fatty acid (n = 12) (n = 14)

Acetic Nil Nil
Propionic 7 Nil
Butyric 4 11
Acetic + butyric (1: 1) Nil I
Inconsistent 1 2

In 5 infants with 3 samples, in which the finding in 1 sample differed
from the other 2, infants were classified by the latter finding. Where
the results differed they were classified as inconsistent.
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Discussion

The most striking observation in this study is virtual
absence of bifidobacteria in exclusively breast-fed
infants born in a London hospital. They, like the
bottle-fed group, showed a predominant Gram-
negative flora with coliforms the dominating bacteria.
The results from the Nigerian infants provided a
positive control for our techniques, and confirm
previous reports of high numbers of bifidobacteria
in faeces of breast-fed infants. In Guatemalan
Indians, bifidobacteria became the predominant
bacteria by the end of the first week of life reaching
counts greater than 1010/g of wet faeces.2 In the UK
Willis et al.3 reported counts between 106 and
1010/g in 15 of 22 breast-fed infants studied daily
during the first 2 weeks of life, and Hewitt and
Rigby18 and Dolby et al.l9 found bifidobacteria in
breast-fed infants' faeces in counts of 1010 and
107-1011/g respectively, though neither of these
studies detected a consistent negative relationship
between 'bifid' counts and Escherichia coli counts.
However, Mitsuoka and Kaneuchi6 in Japan isolated
bifidobacteria in all infants, whether breast or bottle
fed, at counts greater than 1010/g, although he found
streptococci, enterobacteriaceae, and anaerobes
other than bifidobacteria were fewer in breast-fed
infants than in bottle-fed infants. In a prospective
study of the faecal flora of breast-fed and bottle-fed
infants during the first 6-8 weeks of life, Bullen
et al.4 reported that in breast-fed infants, bifido-
bacteria greatly outnumbered streptococci, coli-
forms, bacteroides, and clostridia. Other workers
suggested that the bacteriostatic effect of antibody
and lactoferrin in human milk20 may suppress the
E. coli in the upper gastrointestinal tract. These
conditions and the low buffering capacity of human
milk could favour the rapid outgrowth of bifido-
bacteria, and the production of large amounts of
acetate; this would lower the pH values even more,
and so inhibit coliforms, bacteroides, and clostridia.
We observed lower pH values in the faeces of breast-
fed infants despite the lack of a bifidobacterial flora,
although our values are not as low as those of Bullen
et al.,4 and none of our specimens had acetic acid
as the sole end product of bacterial metabolism.
The mixtures of acetic, propionic, butyric, and other
higher fatty acids reflect the dominant presence of
coliforms and bacteroides, and clostridia may have
contributed to it too. Besides the positive bifido-
bacteria cultures in the Nigerian samples, the con-
sistency of results of cultures, microscopical
examinations, and gas-liquid chromatography pro-
vide strong support for the validity of our cultural
techniques.

Although the work of Bullen et al.17 showed that
infant feeding can radically modify the faecal flora,
our study and others strongly suggest that other
factors are relevant too. One possibility is the dose
of bacteria eaten by the child at birth. Intestinal
colonisation starts immediately after rupture of the
membranes. In many societies, such as the
Guatemalan Mayan Indians studied by Mata and
Urrutia,2 and possibly the mothers of the Nigerian
infants we studied, women give birth in the kneeling
or squatting position and defecation during child-
birth is usual. Certainly there was less asepsis, use
of enemas, etc. Under these conditions the baby
ingests a considerable amount of the mother's faeces
which are rich in bifidobacteria.2' Possibly this also
contributes to the acquisition of a bifidobacterial
flora, and though such conditions do not apply in
Luton, where the studies of Bullen et al.17 were
done, differences in obstetric techniques may play a
part. Considerable variation of mother-to-newborn
interchange of E. coli has been described in hospital
deliveries. Bettleheim et al.22 showed that 22 of 28
mothers and infants at St Bartholomew's Hospital
had the same E. coli serotype in their faeces, but a
more recent study by Gothefors et al.23 found that
only 5 of 20 Swedish mothers and their infants had
the same dominant serotype. Changes in obstetric
practice may have contributed to this. The one
difference noted-namely the excess of staphylo-
cocci in breast-fed babies-presumably arose from
a larger inoculum from the mothers' skin. We did
not identify the source of the E. coli in the breast-fed
infants; they received only water to drink apart from
human milk, and this and nipple cleansing seem
unlikely sources.
Our primary interest, a possible adjuvant role of

the flora in the development of atopy and other
immunopathology, remains to be established. If
this is indeed important in preventing such disease,
our findings may provide one explanation why
exclusive breast feeding does not always prevent
eczema7 and show why atopy is more prevalent in
industrialised countries than in developing ones,12
but there are several other possible mechanisms too.
They also suggest that it will only be possible to
study the effect of the minor immunodeficiencies
which underline atopy on the intestinal flora when
more of the environmental factors which produce
these big variations are understood and controlled.
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