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SUMMARY

Examination of the faeces of 50 babies born at home showed that bottle-fed
babies carried significantly more Klebsiella, Proteus and Pseudomonas spp. and
antibiotic-resistant Escherichia coli than did breast-fed babies. Bottle-fed babies
born in hospital had a less mixed faecal flora than bottle-fed babies born at home.
The possibility that bacterial contamination of home-prepared feeds may account
for these differences requires investigation.

INTRODUCTION

The faecal flora of newborn infants is of interest because it is the probable
source of many of the severe infections of infancy, such as urinary and wound
infection, meningitis, gastro-enteritis and septicaemia. Reports suggest that these
infections are less common amongst the breast fed (Winberg & Wessner, 1971;
Hanson & Winberg, 1972; Goldman & Smith, 1973). However, most studies on
the faecal flora of infants involve either newborn infants in hospital (Michael,
Ringenback & Hottenstein, 1971; Willis et al. 1973; Bettelheim et al. 1974; Noy,
Ayliffe & Linton, 1974; Gothefors, Oiling & Winberg, 1975; Hewitt & Rigby, 1976)
or older children at home (Moorhouse, 1969; Mata & Urrutia, 1971; Linton et al.
1972; Ellis-Pagler, Crabtree & Lambert, 1975). Although the work of Bullen &
Willis (1971) was on babies that were delivered at home and in hospital, only the
effects of breast and bottle feeding on the faecal flora were considered. In this
investigation we compare the faecal flora of babies in both environments taking
into account the type of feed given.

MATERIALS AND METHODS
Faeces

Specimens were obtained from 50 babies born at home and 50 babies born in
hospital. All the births were spontaneous vertex deliveries and none of the babies
received antibiotics. We aimed to obtain specimens on the fifth day of life but
specimens were taken on days 4—7. Most specimens were examined within 4 h of
being passed. Occasional specimens were stored at 4 °C for periods up to 36 h.
For each baby the type of feed was noted.
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Table 1. Faecal carriage of gram-negative bacilli amongst bottle- and breast-fed
babies born at home or in hospital

Home Hospital

Aerobic
gram-negative

bacilli
No. coliforms
present

1 species only
2 or more
species

E. coli
Klebsiella spp.
Proteus spp.
Pseudomonas spp.
Klebsiella,
Proteus and
Pseud omonas spp.
alone or in
combination

i

Total
babies

positive
3/50

36/50
11/50

37/50
17/50
2/50
2/50

} 20/50

)

Breast-fed
babies

positive
2/25

23/25
0/25

18/25
5/25
0/25
0/25

5/25

Bottle-fed
babies

positive
1/25

13/25
11/25

19/25
12/35
2/25
2/25

15/25

{

Total
babies

positive
6/50

33/50
11/50

37/50
14/50
6/50
0/50

18/50

Breast-fed
babies

positive
3/30

17/30
10/30

23/30
11/30
5/30
0/30

14/30

Bottle-fed
babies

positive
3/20

16/20
1/20

14/20
3/20
1/20
0/20

4/20

Bacteriology

Counts of the number of coliforms present per gram of faeces were obtained by
making serial dilutions in 1/4 strength Ringer's solution and plating to MacConkey
agar. Antibiotic-resistant organisms were examined for by a disk diffusion method
and by the incorporation of antibiotics into culture media (Cooke et al. 1971). The
antibiotics used were ampicillin, chloramphenicol, nalidixic acid, neomycin, nitro-
furantoin, streptomycin, sulphonamide and tetracycline. Swarming strains of
Proteus spp. were examined for by inoculation of a small area of a blood agar plate
and Pseudomonas and Klebsiella spp. examined for and identified as previously
(Shooter et al. 1969; Cooke et al. 1979). Coliforms isolated were identified by the
methods of Cowan & Steel (1974).

RESULTS

Coliform counts

There were no significant differences in the coliform counts in the four groups
of babies. Six of the hospital specimens and three of the home specimens contained
no conforms.

Distribution of bacterial species

This is shown in Table 1. The faeces of both bottle-fed home babies and breast-
fed hospital babies had a more mixed flora than the breast-fed home babies and
bottle-fed hospital babies (P = 0-0002). The distribution of Klebsiella spp. follows
the same pattern being commoner in the first two groups. Bottle-fed home babies
more commonly carried faecal Klebsiella, Proteus and Pseudomonas spp. than home
breast-fed (P = 0-01) and hospital bottle-fed babies (P = 0-018).
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Table 2. Antibiotic resistance of faecal aerobic gram-negative bacilli isolated from
breast- and bottle-fed babies at home and in hospital

Home Hospital

No. of antibiotics
to which resistant

0
1
2
3
4
5
6
7

Total

(
Totalbabies

positive

17(18)
13(8)
5(4)
5(5)
1 (2)
1 (0)
3(0)
2(0)

47/50

Breast-fed
babies
positive

13(13)
7(3)
2(1)
Ml)
0(0)
0(0)
0(0)
0(0)

23/25

Bottle-fed
babies
positive

4(5)
6(5)
3(3)
4(4)
1(2)
1(0)
3(0)
2(0)

24/25

Total
babies
positive

13(16)
5(3)

12(7)
3(3)
4(5)
6(3)
1(0)
0(0)

44/50

Breast-fed
babies
positive

10(13)
3(2)
6(2)
1(2)
1(2)
5(2)
1(0)
0(0)

27/30

Bottle-fed
babies
positive

3(3)
2(1)
6(5)
2(1)
3(3)
Ml)
0(0)
0(0)

17/20

Main figures refer to the most resistant strain of the total aerobic gram-negative flora; the
figures in parentheses refer to E. coli. Nine babies had no aerobic gram-negative bacilli in
the faeces.

Ampicillin-I

Chloramphenicol

Nalidixic acid

Neomycin

Nitrofurantoin-j

Streptomyc

Sulphonamide-j

Tetracycl

No antibiotics-j

37-8

45-3

40-7

I I I I I
0 10 20 30 40 50

Resistance (%)

Fig. 1. Resistance of E. coli strains to individual antibiotics. • , E. coli strains from
50 babies delivered at home (53 strains). W, E. coli strains from 50 babies delivered
in hospital (54 strains).

Antibiotic resistance

The sensitivity of the faecal aerobic gram-negative bacilli is shown in Table 2.
Two of the home bottle-fed babies had a faecal flora which was only sensitive to one
of the eight antibiotics against which it was tested whereas of the home breast-fed
babies the total flora was always sensitive to at least five of the antibiotics tested.
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The antibiotic resistance of the strains of E. coli isolated is also shown in Table 2.
Sensitive faecal E. coli occurred mainly in the breast-fed babies (P = 0-002). At
home, the bottle-fed babies carried more resistant E. coli (P = 0-01). Multiply-
resistant E. coli were least common in home breast-fed babies, only two of 25
babies carrying such organisms.

Resistance to individual antibiotics

The resistance of strains of E. coli to individual antibiotics is shown in Fig. 1.
Ampicillin resistance was slightly more common in 'home' E. coli and resistance
to other antibiotics was more common in hospital strains. Resistance to ampicillin,
chloramphenicol, tetracycline and streptomycin was greater among the Klebsiella
spp. isolated in the home.

DISCUSSION

In this study we demonstrated no significant difference in the faecal coliform
counts of breast- and bottle-fed babies. This contrasts with the results obtained by
other workers (Michael et al. 1971; Willis et al. 1973). However, Mata & Urrutia
(1971) showed that in breast-fed babies it is towards the end of the first week of
life that the E. coli count begins to fall relative to the Lactobacillus bifidus count
and possibly this study took place too early in the neonatal period to show a
difference in the faecal coliform counts between breast- and bottle-fed babies. More-
over, many of the hospital breast-fed babies received a bottle feed during the
night and there is evidence (Bullen & Willis, 1971; Bullen, Tearle & Stewart, 1977;
Bullen, Tearle & Willis, 1976) that such babies have a faecal flora resembling that
of bottle-fed babies. The home breast-fed babies who received no supplements
had slightly but not significantly lower coliform counts than the other groups.

The study did, however, demonstrate a difference in the distribution of bacterial
species according to place of delivery and type of feed. The faeces of bottle-fed
home babies and breast-fed hospital babies more commonly contained aerobic
gram-negative bacilli other than E. coli, such as Proteus, Pseudomonas and
Klebsiella spp. than did the other two groups.

In addition, multiply-antibiotic resistant E. coli were rare in home breast-fed
babies whereas home bottle-fed babies more commonly carried gram-negative
bacilli that were resistant to several antibiotics.

It is difficult to judge whether these differences are due to the beneficial effects
of breast milk (Michael et al. 1971; Willis et al. 1973; Adinolfi et al. 1966; Bullen,
Rogers & Leigh, 1972), or to the contamination of bottle feeds with bacteria
(Ayliffe, Collins & Pettit, 1970). The beneficial effects of breast milk in this respect
were not demonstrated in hospital babies who received bottle feed supplements.
Serious mistakes in home infant feed preparation are common (Jones & Belsey,
1978) and errors in sterilization may similarly occur.

The possible reasons for the higher carriage rate by hospital breast-fed babies
of Klebsiella and Proteus species and antibiotic resistant E. coli compared with
home breast-fed babies are less clear but in the case of Klebsiella spp. skin carriage

https://doi.org/10.1017/S0022172400026565 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400026565


Gram-negative bacilli in infants* faeces 95

may be important (Casewell & Phillips, 1977). The higher carriage rate of this
organism in hospital breast-fed compared with hospital bottle-fed babies has been
reported elsewhere (Shinebaum, Cooke & Brayson, 1979).

Of the babies in this study 61 % carried antibiotic resistant organisms. This is
comparable with the results obtained by Linton et al. (1972) but rather lower than
the figure obtained by Moorhouse (1969). Antibiotic resistant organisms were not
evenly distributed between the four groups of babies and were most common in
home bottle-fed babies. The transfer of resistance to strains of E. coli from Proteus,
Klebsiella and Pseudomonas spp. also more commonly carried by these babies
may account for the significantly higher antibiotic resistance of their faecal
E. coli. The acquisition of antibiotic resistant E. coli from the kitchen environment
due to the inadequate sterilization of bottles or feeds is also a possibility.

The results of this study indicate that the faecal flora of home delivered bottle-
fed babies may be more antibiotic resistant than that of home delivered breast-fed
babies. An investigation of the bacterial contamination of home produced bottle
feeds would be of interest as these may be the source of antibiotic resistant
organisms, not only in home delivered babies but also in hospital delivered babies
after they leave the hospital environment.
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Heath, Area Nursing Officer (Child Health); Miss D. Shields, the Divisional
Nursing Officer of the Leeds Maternity Hospital; the domiciliary midwives of the
Western District of the Leeds Area; Mrs M. T. Hyland of the Woodsley Road
Health Centre; Miss Catterick of the Beeston Health Centre; Dr Alistair Brown
for statistical advice and Mrs Janet C. Brayson and Miss Diana M. Hall for expert
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