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Faecal flora in neonates with oesophageal atresia

R BAYSTON, T S M LEUNG, AND L SPITZ

Nuffield Department of Paediatric- Surgery, Institute of Child Health, London

SUMMARY The bacteriological findings of a study of intestinal colonisation in 24 neonates with
oesophageal atresia are reported. Only five of the patients received antibiotics. When compared
with published findings in healthy neonates, the rate of intestinal colonisation in our series was
prolonged, with Staphylococcus albus predominating in the first week. Anaerobic colonisation
was delayed and bacteroides spp were present in only five patients by the third week.
Bifidobacteria were almost completely absent. The onset of intestinal colonisation seemed to be
related temporally to enteral feeding. The use of antibiotics in five patients resulted in
colonisation by candida in four and clinical thrush in three.

Comparative studies of the bacterial colonisation of
the intestinal tract show notable differences between
breast fed and formula fed neonates.' 2 All the
studies have been conducted in normal healthy
infants. Rotimi and Duerden3 investigated the
development of the bacterial flora of the gastrointes-
tinal tract of neonates with congenital abnormalities
affecting this structure. The knowledge gained from
these investigations may be useful in understanding
the role of certain bacteria in the pathogenesis of
necrotising enterocolitis and Hirschsprung's entero-
colitis. Intestinal colonisation of healthy infants is
likely to differ from that of infants with congenital
anomalies of the alimentary tract such as atresia or
aganglionosis and may be related to differences in
enteral feeding regimens and the administration of
antibiotics to some infants. A systematic study of
bacterial colonisation of the gastrointestinal tract is
currently being conducted in this department and
the findings in infants born with oesophageal atresia
form the basis of this report.

Patients

Twenty four neonates with oesophageal atresia were
admitted to the neonatal surgical unit at the Hospi-
tal for Sick Children, Great Ormond Street, London
between April 1981 and April 1982. A primary
oesophago-oesophageal anastomosis was performed
in 18 infants. In addition, 10 of this group had a
feeding gastrostomy fashioned, and the remaining 8
had transanastomotic nasogastric intubation. A
gastrostomy was performed in the 6 infants in whom
primary reconstruction was not possible. Four of

these infants subsequently underwent delayed pri-
mary anastomosis, while a cervical oesophagostomy
was performed in the remaining two infants. Access
to the upper gastrointestinal tract was therefore
established in all 24 infants within 48 hours of
admission. Five patients received antibiotics (ampi-
cillin and cloxacillin) for suspected preoperative
pulmonary aspiration.

All infants received intravenous infusion for
48-72 hours postoperatively. Thereafter, expressed
breast milk with formula supplements were given
either through the gastrostomy or the transanas-
tomotic tube until oral feeding was established by
the 7th postoperative day.

Methods

Meconium or faeces were collected from each infant
daily, or whenever passed, and stored at 4°C before
being processed in the laboratory. Specimens were
always processed within 24 hours.4 They were
inoculated onto columbia blood agar and Mac-
Conkey agar (Oxoid) for aerobic incubation, and
neomycin-menadione blood agar, kanamycin-
vancomycin-menadione lysed blood agar,5 and
cefoxitin-cycloserine-fructose agar (Oxoid) for
anaerobic incubation in nitrogen-hydrogen-carbon
dioxide mixture. Cooked meat broth was also
inoculated and after two days was subcultured both
aerobically and anaerobically onto the above media.
Media for the isolation of bifidobacteria and for

candida were used initially, but their routine use was
suspended when it became clear that there was no
advantage to be gained from this. A sample of
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meconium or faeces equivalent to approximately
0-5 g was inoculated onto each agar plate and a
standard plating technique was used to allow semi-
quantitative assessment of bacterial numbers. All
specimens were tested for antimicrobial activity
(which when present was presumed to be due to the
presence of antibiotics) by placing approximately
0O5 g on to the surface of an agar plate seeded with
the Oxford strain of Staphylococcus aureus. After
incubation the diameters of any zones of inhibition
were noted, and the results were used to corrobo-
rate stated administration of antibiotics. In addition,
an ethanol fixed Gram film from each specimen was
examined thoroughly and all organisms noted.
Organisms isolated were identified by conventional
methods, using laboratory prepared test systems
supplemented where necessary by commercial sys-
tems (API 20E, API 20A), antibiograms,6 and gas
liquid chromatography.

Results

The results from the 19 patients who did not receive
antibiotics during the three weeks of the study are
shown in Table 1. The numbers of patients whose
bowel actions were examined in each week varied as
some failed to pass stools for several days at a time.
Staph. albus was the organism most frequently
isolated, and in a third of the patients studied during
the first week it was the only organism isolated. By
the second week klebsiella, enterococci, and clostri-
dia were being isolated with greater frequency, and
by the third week, klebsiella had become the
commonest organism isolated. A comparison of our
findings in the first week of life with those of a group
of healthy neonates reported by Rotimi et al and
with 9 cases of oesophageal atresia reported by the

Table 1 Bacteriology in the first three weeks oflife in
19 patients not receiving antibiotics (Figures show the
percentage ofpatients growing various bacteria in
each week)

Organism Week I Week 2 Week 3
(n=15*) (n 18*) (n=15*)

Staphylococcus albus 67 67 73
Escherichia coli 27 44 47
Klebsiella 13 72 87
Proteus 13 11 7
Enterococci 7 33 67
Bacteroides 7 11 33
Clostridia 13 44 47
ASBt 7 11 7
Pseudomonas 7 22 27
Bifidobacteria - - 7
No organismst 13 6

'Not all patients passed bowel actions each week; t-Aerobic spore-bearing
bacilli (Bacillus spp); t-Organisms were not seen on microscopy or grown on
culture.

Table 2 Comparison of results in the first week oflife in 15
patients not receiving antibiotics with thosefound in other
studies (Rotimi and Duerden 1981, J19823)

Oesophageal Healthy Oesophageal
atresia neonates atresia
(Bayston et al) (Rotimi et al7) (Rotimi et al3)
(n=I5) (n=23) (n=9)

No organisms 13 0 0
Escherichia coli 27 82 22
Bacteroides 7 78 22
Clostridia 13 78 66
Staphylococcus albus 67 48 78
Staph. albus only 33 0 0
Bifidobacteria 0 100 33

same authors3 are shown in Table 2. No bifidobac-
teria were found in our patients in the first week,
and appeared transiently in only one child in the
third week, whereas all of the normal neonates7 had
acquired this organism within 6 days of birth. Two of
our babies still had no organisms in their faeces at
the end of the first week, and only one patient had
bacteroides compared with 18 of Rotimi et al.3
Bacteroides spp were isolated from only five of our
patients by the third week of life.
The Figure shows the time of appearance of

organisms in the faeces in relation to enteral
feeding. As the babies received their first enteral
feed on different days depending on their clinical
condition, the chronological scale has been adjusted
so that day 0 reflects the day on which enteral
feeding started. While organisms were isolated in
small numbers from three patients before enteral
feeding began, most developed their intestinal flora
very soon afterwards. The use of a gastrostomy
rather than a trans-anastomotic tube for enteral
feeding made no difference to the nature or the time
of appearance of the organisms.
No bacteria were isolated during treatment from

the stools of three of the five patients who received

Staphylococcus
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enteral feeding.
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Table 3 Species ofclostridia isolatedfrom 19 patients not
receiving antibiotics

Species of clostridia No of patients

C. perfringens 10
C. difficile 4
C. paraputrificum 4
C. butyricum 2
C. innocuum 1
Unidentified 2

courses of ampicillin and cloxacillin. Four of these
patients became colonised with candida and three
developed clinical thrush affecting the mouth and
perineum. The clostridia isolated from the patients
in the study are shown in Table 3. Several species
were present in some patients. C. perfringens and C.
paraputrificum each appeared in one patient in the
first week, and by the end of the second week 6
patients had C. perfringens. C. difficile, C. butyr-
icum, and C. innocuum did not appear until the
second week. Bacillus spp were isolated transiently
from three patients during the study.
Gram film results correlated well with cultural

findings. In some cases organisms were isolated in
low or moderate numbers when none could be seen

on microscopy, but in no case were organisms seen

in the Gram film when no growth of the correspond-
ing morphological group was found on culture. No
bacteria morphologically resembling bifidobacteria
were seen on microscopy.

Results of semiquantitative assessment of bacte-
rial numbers in consecutive specimens from three
patients are shown in Table 4. These patients are

representative of the rest. In the case of Staph. albus
the numbers on first appearance were almost always
low and took a few days to exceed 105/g, whereas
other organisms varied in this respect and the
aerobic Gram negative rods were usually present in
large numbers from the first day on which they
appeared. Other than this, the semiquantitative
results were unremarkable.

Discussion

Many of the studies carried out on the bacterial flora
of the intestinal tract in neonates and infants have
sought differences in the flora of breast fed and
formula fed infants. The intestinal flora of the breast
fed babies has been shown to consist largely of
bifidobacteria8 9 10 until weaning, when coliforms,
enterococci, and anaerobes rapidly colonise the
gut.11 In formula fed babies, while bifidobacteria are
still present, the predominating organisms are those
usually found in adult faeces. 12 Rotimi and
Duerden6 studied healthy neonates in the first week
of life in a maternity hospital who were breast fed
with formula supplements, and found that only
enterococci, streptococci, and staphylococci were
present on day 1, with Staph. albus present in 67%.
Bifidobacteria, coliforms, bacteroides, and clostri-
dia appeared on the second day in most babies and
thereafter a mixed, adult type flora developed.
Mata13 found that in normal breast fed neonates in a

rural Guatemalan community, organisms could be
found in the meconium from age 4 hours.

In our study, the rate of colonisation was much
slower with a definite sequence. Staph. albus was

Table 4 Examples ofsemiquantitative results in three patients not receiving antibiotics

Patient Organisrms DaY of lifellogto numbers of organoisms per g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

V 0
A Staphylococcus albus <3 <3 <3 <3 9 7 8 6

Coliform <3 9 7 9 9 9 8
Streptococcus faecalis 9 8 8 8
Clostridia <3 <3 7 6 6 9

v
B Staph. albus NG NG NG 6 5 9 10 <3 10

ASB 5 <<3
Coliform 10) 10 1() 10 10 7 9 9 9 10
Clostridia 9 8 9 6
Strep. faecalis 6 7 9 9

v
C Staph. albus NG NG NG <3 <3 8 8 8 5 8 6

Pseudomonas S 9 1() 6 4 7 4 4
Strep. faecalis <3 8 8 7 6 6 6
Coliform I() l() 1() 9 9 9
Clostridia <3
Bacteroides 8

V=anastomosis, 0=gastrostomy feed started; O=oraUtube feed started; NG=no growth.
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the first organism to appear in most of the infants,
and was the most frequently isolated organism
throughout the study. A major difference between
our findings and those of others is that, by the end of
the first week, half of our infants had only Staph.
albus in their stools. Bifidobacteria were almost
completely absent in our study, and clostridia and
bacteroides were present in fewer patients in the
first week than in other studies. Escherichia coli did
not appear in any of our infants before day 3 of life,
and the peak isolation rate for this organism was in
the second week, when it was found in half the
infants. Klebsiella was isolated from a gradually
increasing number of infants so that this organism
appeared in most infants by the end of week 3 of
life. In contrast, similar studies carried out over the
same period and on the same unit as the 24 cases of
oesophageal atresia showed that two infants with
ileal atresia and two with functional obstruction all
had early onset of intestinal colonisation. The stool
specimens obtained on admission from these babies
all contained coliforms, clostridia, and Staph. albus
and one had bacteroides after 6 days. The patients
were all fed at the referring hospital before intestinal
obstruction was diagnosed, and they were admitted
on days 2 and 3 of life.

Obstetric practices may play a large part in
determining the source of intestinal flora in healthy
neonates. In most industrialised nations every effort
is made to protect the newborn child from the more
obvious sources of microorganisms, and many
mothers are given enemas to ensure that defecation
does not occur during labour. In less well developed
communities, the birth is attended by folk midwives
and defecation by the mother during delivery
commonly occurs.'4 The mother's intestinal tract,
and indirectly her genital tract, are considered to be
the natural source of the baby's intestinal flora.'5
This is supported by the finding in one study of the
same strains of E. coli in mother and baby, and from
mucus removed from the baby's mouth after
delivery.16 17 In industrialised societies, when babies
are kept in hospital, and particularly if separated
from their mothers, they may become colonised by
organisms from the hospital staff and environment.
This has been illustrated in the case of klebsiella by
Shinebaum et al. 18 We consider it possible that the
babies in our study were colonised from the hospital
staff and environment, rather than from their
mothers, due mainly to the lack of continuity from
mouth to stomach caused by their anomaly, and to
their early transfer to an intensive care ward. We
feel that this may have dictated the pattern of
colonisation in our series. Similar results have been
published recently, though all the neonates with
oesophageal atresia in that study received antibio-

tics. Times and routes of feeding in relation to onset
of colonisation were not discussed by these authors,
who found that organisms appeared in the stools
soon after operation. The relatively short time
between operation, feeding, and appearance of
organisms in the stools in our study makes it
impossible to state with certainty whether the gut
became colonised as a result of organisms entering
during operation or as a result of access to the
intestine by means of either a gastrostomy or an
oesophageal anastomosis, or as a result of feeding.
Six of the patients in our study did not, however,
undergo early primary oesophago-oesophageal
anastomosis and only a gastrostomy was fashioned.
In the five patients in this group whose data are
sufficiently comprehensive, there was a delay of two
days before feeding began via the gastrostomy, and
this was followed one day later by the onset of
colonisation. This suggests that feeding is the main
factor leading to the onset of colonisation.

The reason why colonisation of the intestine did
not develop until enteral feeding began may be
simply that a substrate became available which
allowed bacterial multiplication. The increased
opportunity for inoculation of bacteria into the
alimentary tract along with the feed may also be
important, however, and curds may protect swal-
lowed organisms from the action of acid in the
stomach.
The delay in colonisation of the intestinal tract in

neonates with oesophageal atresia means that the
vitamin K normally produced by the enteric flora is
not available. Though most babies are given one
dose of vitamin K at birth, the half life of this
substance is variable and some babies may possibly
require an additional dose at 2 or 3 weeks of age,
particularly if further surgery is planned.
The delay in colonisation may also have a

deleterious effect on the immunological develop-
ment. This may result in a general developmental
immunological retardation and defective opsonisa-
tion. This may be particularly important in the first
few years of life because of the inability to initiate
the alternative complement pathway during this
period. This may mean that these babies, while not
showing the overt features of immunological de-
ficiency, may have an impaired ability to combat
infections, at least until the immunological system
matures sufficiently to make the alternative comple-
ment pathway less important. These immunological
aspects are currently being studied.
The results in the five infants who received

antibiotics show that the intestinal flora can be
completely eradicated exposing the alimentary tract
to colonisation by resistant organisms which may
give rise to serious infections. Prophylactic anti-
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biotics would seem to be unnecessary and indeed
contraindicated in most neonates with oesophageal
atresia, but if required because of suspected aspira-
tion they should be given for as short a period as
possible.
We thank the nursing staff of ward 6A at the Hospital for Sick
Children, Great Ormond Street, for collecting specimens so
diligently.
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