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SUMMARY

The Escherichia coli flora of infants in developed countries is dominated by one or a few
strains which persist for prolonged periods of time, but no longitudinal studies have been
performed in developing countries. To this end, we studied the rectal enterobacterial flora in 22
home-delivered Pakistani infants during their first 6 months of life. Three colonies were
isolated and species typed on each of 11 sampling occasions. E. coli isolates were strain typed
using electromorphic typing of cytoplasmic enzymes, and their O serogroups were determined.
There was a very rapid turnover of enterobacterial strains in the rectal flora of individual
infants. On average, 85 different E. coli strains were found per infant, and several biotypes of

other enterobacteria. Less than 50 % of the infants were colonized with E. coli from their
mothers, but strains of maternal origin were four times more likely to persists in the infants’
flora than other E. coli strains. Enterobacteria other than E. coli were always of non-maternal
origin, and Enterobacter cloacae and Klebsiella pneumoniae biotypes recovered from
contaminated feeds were later identified in the infants’ rectal flora. An early colonization with
klebsiella or enterobacter was significantly associated with diarrhoea during the neonatal
period, although these bacteria were not likely to be the cause of the disecase. The results
suggest that poor hygienic conditions result in an unstable and diverse enterobacterial flora,

which may influence infant health.

INTRODUCTION

Escherichia coli and other enterobacteria are among
the first colonizers of the newborn infant’s intestine
[1]. These bacteria may be acquired from the mother’s
faecal microflora during delivery [2], or be transferred
between infants via the nursing staff [3, 4]. Another
possible route of exposure is ingestion of contami-
nated feeds. In many traditional societies, even
newborn infants considered to be ‘fully breastfed’
receive a number of different remedies in addition to
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breast milk [5]. It is likely that these foods are
bacterially contaminated.

There is a constant turnover of E. coli strains in the
microflora of an individual. Some E. coli strains are
resident in the normal flora. A resident strain is
usually defined by its presence for several weeks in
succession. Transient strains, on the other hand, do
not colonize. They may be found in the microflora on
a single occasion, or on a few occasions closely spaced
in time [6]. Newborn infants in developed countries as
a role acquire a resident E. coli strain early after
delivery and keep it in their intestinal microflora for
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many months [7, 8]. Few additional E. coli strains are
isolated from an infant harbouring a resident E. coli
strain [8]. In developing countries, the environmental
exposure to bacteria is likely to be pronounced, which
could affect the intestinal microflora. For example,
Pakistani newborn infants delivered in a hospital
carry a larger number of enterobacterial species in
their intestinal microflora than Swedish infants. This
includes infants delivered by caesarean section who
have not been in contact with maternal rectal bacteria
[9]. Other studies have shown a more rapid acquisition
of enterococci and lactobacilli in infants in developing
countries, as compared to Western societies [10].
Whether this difference in exposure will result in an
increased turnover of individual bacterial strains in
the microflora has not been studied, since no
longitudinal studies including typing of specific strains
have been performed in developing countries.

The aim of the present study was to follow the
enterobacterial colonization pattern in Pakistani
home-delivered infants during the first 6 months of
life. Individual E. coli strains were typed on the basis
of their isoenzyme patterns, and grouped into resident
and transient strains. The maternal rectal flora was
sampled at delivery and infant feeds were cultured for
the presence of enterobacteria to determine the origin
of enterobacteria colonizing the newborn infant.

METHODS
Subjects and sampling

Twenty-two infants (10 girls and 12 boys) born in an
urban slum in Lahore, Pakistan, were included in the
longitudinal study of the rectal flora. The infants were
delivered in their homes with the assistance of
traditional birth attendants. From 16 out of the 22
mothers a sample of rectal flora was obtained during
delivery. The families were visited by a trained health
worker within 2 h after delivery, on three occasions
during the first week (most often on days 2, 4 and 7),
weekly during the first month and monthly thereafter.
On each visit, the mother was questioned about the
baby’s feeding habits and signs of infection, a clinical
examination of the child was performed and the
child’s rectal flora was sampled. Four infants dropped
out of the study due to family migration (3 at 1 month
of age and 1 at 5 months of age).

A second group of six home-delivered Pakistani
neonates in the same area were visited on a few
occasions during the first week after birth (1-5
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occasions). The infant’s rectal flora was sampled, and
aliquots of the different fluids and foods given to the
baby on that day were collected in sterile containers
for determination of enterobacterial content.

Informed consent from the parents was obtained
and the study was approved by the ethics committees
of the Pakistani Medical Research Council and of
Goteborg University, Sweden.

Bacterial cultivation and species identification

The rectal swab was rolled over a Drigalski agar plate
[11] at bedside. In the local laboratory, the inoculate
was spread with a sterile platinum loop and the plate
was incubated aerobically at 37 °C overnight. The
three last free-lying colonies were picked from the
plate. This procedure gives a 97% probability of
including the dominant strain, i.e. the strain most
common when examining 10 randomly selected
colonies from a rectal sample [12]. The food samples
were cultured on Drigalski agar and colonies of
different morphology were picked for analysis.

After subculture to check for purity, species
identification was performed by biotyping [13]. This
also permitted identification of different E. coli or
other enterobacterial biotypes. Isolates were tested for
mucoid growth, motility, indole production, urea,
citrate, malonate, ornitine-decarboxylase, lysine-
decarboxylase, lactose, sucrose, dulcitol, L-rhamnose,
L-sorbose and esculine. For some isolates, the panel of
tests also included O-nitrophenyl-D-galactopyran-
oside (ONPQG), arabinose, H,S and oxidase, or API
20E strips were used (API Systems SA, La Balme les
Grottes, Montalieu-Vercieu, France).

E. coli clonal analysis by electromorphic typing

The clonal identity of E. coli isolates was determined
using electromorphic typing of eight different chromo-
somally encoded enzymes [14]. From each sampling
occasion, all E. coli isolates with a unique biotype
were analysed, as well as at least two of those isolates
which shared a specific biotype.

The method was performed as described by
Caugant, but with the use of polyacrylamide gel
electrophoresis and blotting instead of starch gel
electrophoresis [14, 15]. One loopful of a fresh
bacterial culture was inoculated in 100 ml of nutrient
broth (8 g/1; Difco, Detroit), and grown overnight
with shaking at 37 °C. Bacteria were spun down at
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37000 g for 20 min, resuspended in 2 ml buffer (0-01 m
Tris, 001 M EDTA, pH 6:8), and sonicated with
cooling for 1min. Cell debris was spun down
(37000 g, 4°C, 20 min) and the supernatant, con-
taining bacterial enzymes, was stored at —70 °C until
analysed.

Electrophoresis was performed in vertical poly-
acrylamide slab gels (7-5 % polyacrylamide with 2:6 %
bisacrylamide for cross linking), using a 75 mm Tris
buffer with 48 mm boric acid, pH 89, both in the gel
and as running buffer. Twenty-five pul of bacterial
supernatant in sample buffer (20% glycerol, 0-5%
(w/v) bromic phenol blue) was loaded in each gel
pocket, and the electrophoresis was run at 15 mA. Up
to four copies of the separation were made by a series
of electrophoretic transfers onto DEAE paper (DES1,
Whatman International Ltd, Maidstone, England)
using 7-5 mMm Tris buffer with 4:8 mMm boric acid, pH
89, as transfer buffer. Each DEAE paper was stained
with the appropriate enzyme substrate and chro-
mophores [14] for the following eight enzymes: malate
dehydrogenase, 6-phosphogluconate dehydrogenase,
adenylate kinase, phosphoglucose isomerase, glucose-
6-phosphate dehydrogenase, mannose phosphate iso-
merase, phenylalanyl-leucine peptidase and leucyl-
glycyl-glycine peptidase. The migration of each en-
zyme was compared with two standards run in
parallel.

E. coli isolates from a single child were assayed
together; isolates that shared electrophoretic mobility
for each of the eight enzymes tested were considered
as belonging to one strain [14]. No comparisons were
done between infants.

Serotyping

One isolate from each E. coli strain was serotyped
using antisera to 69 common E. coli O antigens [16].

Characterization of enterobacteria recovered in
connection to diarrhoeal episodes

Each E. coli strain and each biotype of Klebsiella,
Enterobacter or Citrobacter spp. isolated from an
infant the week before or during a diarrhoeal episode
were tested for enterotoxin production by ELISA and
adhesin expression by haemagglutination (HA).

For HA, the isolates were tested after overnight
culture on tryptic soy agar plates, and after three
passages in static Luria broth [17, 18]. Twenty-five ul
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of a thick bacterial suspension in PBS (> 10'°
bacteria/ml) was mixed on a microscope slide with
251 of a 3% suspension of human, chicken or
guinea-pig erythrocytes in PBS containing 2-5%
methyl-a-D-mannoside (to inhibit HA caused by
mannose-specific type 1 fimbriae) [17]. Agglutination
was read by the naked eye after gentle tilting of the
slide for 3 min, and designated as positive or negative.
The agglutination of human, chicken or guinea-pig
erythrocytes in presence of methyl-a-D-mannoside
was designated as mannose-resistant (MRHA).

Assessment of the production of heat labile (LT)
and heat stable (ST) enterotoxin was performed on
three individual colonies from each isolate by means
of ganglioside GM1-ELISAs [19, 20], using the direct
culture in plate method [21]. Bacteria from an
overnight blood agar culture were inoculated in Luria
broth containing 45 g lincomycin and 2-5 mg glucose
per ml and added to GM1-coated and bovine serum
albumin-blocked microtitre plates. The plates were
incubated with shaking at 37 °C overnight and the
supernatants were saved for ST determination. The
plates were washed and developed for GM1-bound
LT by adding a mouse monoclonal antibody against
LT, followed by anti-mouse immunoglobulin-horse-
radish peroxidase conjugate (Dakopatts, Copenhagen,
Denmark) and enzyme substrate [20]. The presence of
ST type a in the supernatant was determined with
a GM1-ELISA inhibition method, in which the ability
of the supernatants to block the specific binding of a
STa-specific monoclonal antibody to solid-phase-
bound ST ganglioside (GMI1-bound ST-cholera B
subunit) was tested [20, 21].

Statistics

Fisher’s exact test and Mann—Whitney U test were
used for significance testing.

RESULTS
Infant health

Six of the 22 infants (27 %) experienced a diarrhoeal
episode during the study period, all within the first
month. The occurrence of diarrhoea peaked at 1 week
of age when four infants were ill.

Six infants had an episode of respiratory tract
infection, which occurred between 2 weeks and 5
months of age, with a peak incidence at 3 months
when four infants were ill.
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Fig. 1. Percentage of infants having received different fluids
and food at various points in time after birth. Data from
between 17 and 22 infants at each time point.
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Fig. 2. Percentage of rectal cultures from Pakistani infants
positive for Gram-negative bacteria (dotted line), E. coli
(filled circles) and Gram-negative bacteria other than E. coli
(open circles) at various times after birth. Between 17 and 22
infants contribute the data for each time point.

Feeding pattern

The feeding pattern of the 22 infants in the longi-
tudinal study was recorded. All infants but one
received breast milk, but breastfeeding was often
initiated as late as 3 or 4 days after delivery and no
infant was exclusively breastfed (Fig. 1). All infants
received honey before the initiation of breastfeeding.
Water or fresh animal milk (cow or buffalo) were
commonly given in addition to breast milk, whereas
few infants received commercial formula (Fig. 1).
Traditional herbal concoctions were frequently given.
Examples include ghutty and arq, which are used as
laxatives, and gripe water, which is a remedy against
infant colic. Semisolids, prepared from, for example,
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rice, potatoes or bananas, were introduced from the
fourth month of age.

Enterobacterial colonization pattern

Twenty out of the 22 infants (90 %) were colonized
with Gram-negative bacteria in their intestines by
days 2-3 and all infants were colonised by days 4-5
(Fig. 2). During the first week, enterobacteria other
than E. coli dominated the flora (Fig. 2). Especially
Klebsiella pneumoniae and Enterobacter cloacae were
common during this period, and continued to be
present in approximately one third of the infants
throughout the 6 months of study (Table 1). E. coli
has been present in the rectal flora of 73% of the
infants 1 week old, in 95% of infants 1 month old,
and in all infants at 2 months of age.

Two or more enterobacterial species were fre-
quently isolated from one sample (Table 1).

Persistence of individual enterobacterial strains in the
rectal flora

Individual strains of E. coli were identified by
electromorphic typing of chromosomally encoded
bacterial enzymes. The colonization patterns of the
individual infants are shown in Figure 3.

As a mean, each infant carried on average 85
different E. coli strains during the first 6 months of life
(the three infants followed for only 1 month not
included). During this period, each infant contributed
on average 11 samples. (Twelve sampling occasions
were scheduled per infant. When a sample was not
obtained as scheduled, this was because the mother
and infant were not at home when the visit was paid.)

E. coli strains isolated on at least two occasions
from samples at least 3 weeks apart were considered
as resident strains. Strains found only once, or on a
few occasions during a period shorter than 3 weeks,
were considered as transient strains. If a scheduled
monthly sampling was missed, strains found only on
the occasion immediately before or after this occasion
could not be defined as either transient or resident.
The same was true for strains occurring at the last
sampling occasion only.

Sixty-three percent of the infants (12/19) carried at
least one resident E. coli strain during the 6 months
period. However, only one infant (no. 16) carried a
resident strain from her first to her sixth month of life
(Fig. 3). Thus, resident strains were often replaced by
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Table 1. Frequencies of different aerobic Gram-negative species in rectal cultures from Pakistani infants and

mothers

Frequency of isolation (% of cultures)

Infants
Days after delivery... 1-3 4-7 14-21 30-60 90-120 150-180 Mothers
E. coli 19 49 90 85 89 86 75
K. pneumoniae 81 30 18 29 11 22 0
K. oxytoca 81 81 2:6 0 2-8 0 62
Other Klebsiella spp. 0 0 51 2:4 2-8 0 0
E. cloacae 11 22 13 49 14 11 62
E. aerogenes 0 27 2:6 0 0 0 0
Other Enterobacter spp. 11 54 2:6 0 56 0 12
C. freundii 0 54 51 2:4 0 55 62
Other Citrobacter spp. 27 11 0 0 2-8 0 62
Proteus spp.* 27 0 2:6 2:4 56 54 62
Serratia spp. 0 2:7 0 0 0 0 0
Other Gram-negativest 13 54 51 2:4 84 81 62
> 1 species 16 32 33 29 36 27 19
> 2 species 54 81 10 2-4 83 11 62

Samples from the infants were obtained at delivery, on three occasions during the first week, weekly during the first months
and monthly thereafter. Samples of the mothers’ rectal flora were obtained at parturition. From each culture, three colonies
obtained from a Drigalski agar plate were species typed. Twenty-two infants were sampled; 36—41 cultures were examined
at each point in time indicated in the table. The maternal samples derived from 16 mothers.

* Including Proteus spp., Providencia spp. and Morganella morganii.

T Including Pseudomonas, Acinetobacter and not identified Gram-negative species.

other resident strains, or even lost and replaced by a
succession of transient strains in the individual infant.
On average, 1-2 different resident strains (range 0-5)
were found in each infant, whereas a mean of 6-4
transient strains were identified per infant (range
1-13).

Nineteen percent (11/59) of the E. coli strains
acquired during the infants’ first month of life
established as residents, compared with 14 % (12/88)
of the strains acquired at 2-5 months of age. The
mean time of persistence of resident strains acquired
during the first month of life was 76 days (range
23-170 days). The mean time of persistence of resident
strains first appearing between 2 and 5 months was at
least 60 days (75 % of these strains were still present
on the last sampling occasion, so no exact figure can
be calculated).

Individual strains of other enterobacterial species
than E. coli were defined according to their biotype
(Fig. 3). In many instances, several different entero-
bacterial biotypes were present in a rectal sample, and
several biotypes of Klebsiella or Enterobacter sp.
could colonise an infant in succession. Certain
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enterobacterial biotypes seemed, however, to persist
in an infant’s flora for some time. Thus, six infants
harboured K. pneumoniae of a particular biotype for
more than 3 weeks in succession. Two infants
harboured a specific E. cloacae biotype for more than
3 weeks (Fig. 3). Citrobacter species were only found
as transient colonizers.

O serotype distribution in E. coli strains isolated
from the rectal flora

The O serotypes of the E. coli strains are shown in
Table 2. The O antigens most commonly encountered
were O17/077, O1 and O20. The serotypes O8, O16,
021 and O75 were also relatively frequent. However,
as many as 50 % of all strains were non-typable with
the 69 O antisera used. Twelve percent of the strains
were ‘rough’, i.e. agglutinated spontaneously in
saline.

Only 16 % of the strains belonged to any of the ten
‘uropathogenic’ serotypes Ol, 02, O4, O6, O7, O8,
016, 018, 025 or O75, which are common in the
intestinal microflora of Western individuals [22-24].
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Fig. 3. Individual colonization patterns for each of the 22 infants followed longitudinally. Vertical lines denote sampling
occasions. Arrows indicate time points for initiation and termination of breast-feeding (arrows in parentheses indicate that
breast milk might have been given earlier). Diarrhoeal episodes are indicated with bars along the time axis. E. coli strains
(EC) (above time axis) were identified by electromorphic typing and numbered according to their order of appearance in the
infant’s rectal flora. Resident E. coli strains are indicated by closed circles. Infants whose mothers’ rectal samples were
analysed are indicated by an asterisk (*), and E. coli strains of presumed maternal origin in these infants are similarly
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Table 2. O serotypes of rectal E. coli strains isolated
from Pakistani infants 0—6 months of age

Number of strains

O antigens (% of strains)

01

02

03

04

06

o7

08

O11

012

013

0O15

Ol6

o17

017/077

020

021

022

025

033

042

075

o077

081

085/0117

086

o117

Typable
‘Uropathogenic’
Non-typable 83 (50)
Rough 20 (12)

Total 166*

NS R S R e T S L NN [ NS TR U T SN U R S R e S NS R N |

—

63 (38)
27 (16)

O serotyping was performed using antisera to 69 O antigens
common among Swedish clinical isolates of E. coli. Non-
typable signifies that the isolates were not agglutinated by
any of these antisera, and ‘rough’ that they agglutinated
spontaneously in saline. ‘Uropathogenic’ denotes strains
belonging to either of the serotypes O1, 02, 04, 06, O7, OS,
016, 018, 025 or O75.

* Seven strains were not typed.

Maternal rectal flora as a source of enterobacteria

Cultures of the rectal flora were obtained from 16
mothers at delivery. Twelve of them harboured E.
coli, and they contributed 24 different strains in total.
Six infants (38 %) became colonized with an E. coli
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strain present in his/her mother’s flora at delivery
(child nos. 5, 7, 14, 16, 17 and 18, Fig. 3), two of them
with two different maternal strains each (nos. 16 and
17). The serotypes of the maternal strains transferred
to the infants were O1, O75 and rough in one case
each, while five strains were non-typable with the O
antisera used. The maternal E. coli strains appeared in
the rectal flora of the infants when the child was, on
average, 3 weeks old (range 2—-153 days).

Five out of the eight strains acquired from the
mothers became resident in the infants. This included
the O75 strain, the rough strain and three non-typable
strains. Thus, E. coli strains acquired from the mother
had a 62 % chance of becoming resident in the infant’s
flora, as compared with 14 % for other E. coli strains
(P = 0-0046, Fisher’s exact test).

The mothers also harboured other enterobacterial
species than E. coli in the rectal flora (Table 1), but
these seemed never to be transferred to the infants.
Thus, enterobacteria other than E. coli in the child’s
rectal flora were never of the same biotype as those
found in the maternal rectal flora at delivery.

Infant feeds as a source of enterobacteria

A small study was performed to investigate if infant
feeds could be a source of Gram-negative bacteria
colonizing the infant during the first week of life. To
this end, six infants were visited on a few occasions
during their first week of life. Samples were taken
from their feeds as well as from their rectal flora. The
overall enterobacterial colonization pattern of these
infants was similar to that of the first group of infants
(Table 3).

Nineteen out of the 26 food samples obtained were
contaminated with Gram-negative bacteria. Ten of
the samples yielded Enterobacteriaceae, most fre-
quently E. cloacae or Klebsiella spp., but E. coli was
never found in a food sample (Table 3). Five out of
the six infants received some feed contaminated with
enterobacteria during their first days of life.

Two infants received feeds contaminated with K.
pneumoniae. In one of these infants, a colonization
with food strains suggestedly occurred. Two K.
pneumoniae biotypes were found in the fresh animal

indicated by asterisks (*). Enterobacteria other than E. coli were identified by biotyping (below time axis) and numbered
consecutively in order of appearance. Abbreviations: K. pneumoniae (KP), K. oxytoca (KO), other Klebsiella spp. (K), E.
cloacae (EBC), E. aerogenes (EBA), other Enterobacter spp. (EB), Citrobacter freundii (CBF), other Citrobacter spp. (CB),
Serratia spp. (S), Proteus mirabilis (PM), other Proteus spp. (PR), Providencia spp. (PA), Morganella morganii (MO) and
other Gram-negatives (OG —). Persisting biotypes of K. pneumoniae and E. cloacae are indicated by filled circles.
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Table 3. Presence of various enterobacterial species in foods and fluids administered to Pakistani neonates, and

in rectal cultures obtained from these neonates

Occurrence in food (% of samples)

Occurrence in
infants’ rectal

Fresh* Boiled cultures
milk Water water Honeyf (% of cultures)
(n=12) n=23) (n=16) n=Y5) (n=17)
Gram-negatives 100 100 33 40 100
Enterobacteriaceae 50 33 33 20 82
E. coli 0 0 0 0 53
K. pneumoniae 25 33 0 0 41
K. oxytoca 83 0 0 0 12
E. cloacae 50 0 33 0 18
E. agglomerans 83 0 17 0 59
C. freundii 0 0 0 20 18
Other Citrobacter spp. 83 0 0 0 0
Serratia spp. 83 0 0 0 0
Other Gram-negatives] 75 67 33 20 18

Different fluids and foods administered to six Pakistani neonates, and rectal samples obtained from these neonates during
the first 5 days of life were cultured and examined for the presence of various enterobacterial species.
* Fresh cow or buffalo milk, undiluted or diluted in boiled water or tea.

1 Pure honey, or honey diluted in boiled water.

i Including Pseudomonas aeruginosa, other Pseudomonas, Alcaligenes and not identified Gram-negative species.

\j

1 2 3 4 5 Days
EBC1*  EBC3
EBC2* KP4
| KO1 0G- oG- Food samples
KP1 EBC1* KP1 Rectal samples
KP2 EBC2 * KP5
KP3 EBC4 EBA1
CBF1
KpP2*
KP3*
EBC2* EBC3*
EBC1 KP1 EBC4
) 0G- OG- EBA1 oe. Foodsamples
0G- EC1 EC1 ecs  Rectal samples
EC2 EC2 KP3 *
EBC2* KP4
KP2* KPS
EBC3*
CBF1

Fig. 4. Possible acquisition of intestinal enterobacteria from
contaminated feeds. Enterobacterial colonization pattern of
two infants and enterobacteria recovered from feeds
administered to these infants during their first days of life.
Vertical lines denote sampling occasions. In the individual
infant, different biotypes of E. coli and other enterobacteria
were numbered consecutively in order of appearance in the
feeds or in the rectal flora. Specific biotypes identified in
both feeds and rectal samples are indicated by an asterisk
(*). Abbreviations: see Figure 3.

milk given to this infant on day 4. One of the biotypes
appeared in the baby’s intestinal flora on the same
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day, the other biotype one day later (Fig. 4). Three
infants became colonized with K. pneumoniae from
unidentified sources only.

Four infants received feeds contaminated with E.
cloacae. In two of these infants, the same E. cloacae
biotype was found in a feed and in the rectal flora 1 or
2 days later (Fig. 4). These two were the only infants
in the group whose rectal samples yielded E. cloacae.

One food sample given to one infant yielded C.

freundii, of a single biotype. This biotype appeared in

the rectal flora of the infant on the day she received
the contaminated food (data not shown). Two other
infants became colonized with C. freundii, although
this species was never detected in their feeds.

Diarrhoeal episodes in relation to enterobacterial
colonization pattern

Six of the 22 infants followed longitudinally (27 %)
experienced an episode of diarrhoea during the study,
all appearing during the first month of life (Fig. 3). We
sought to determine whether any particular colon-
ization pattern predisposed for diarrhoea. The micro-
flora during the first week of life was therefore
compared between those who later contracted di-
arrhoea and those who did not.

In infants contracting diarrhoea, 62 % of the first
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week’s cultures contained Klebsiella or Enterobacter
sp., as compared with 29% of the cultures from
infants who remained healthy (P = 0-019, Mann—
Whitney U test). In contrast, the rate of isolation of E.
coli during the first week of life was similar in infants
contracting diarrhoea or staying healthy (28 vs. 35%
of cultures positive for E. coli, respectively, P = 0-52).

None of 18 E. coli strains isolated from infants the
week before or during diarrhoea were positive for the
production of heat labile enterotoxin (LT), whereas
one strain, isolated from a child after 1 week of
diarrhoea, was positive for the production of heat
stable enterotoxin (ST). This strain also caused
MRHA of human erythrocytes. The rest of the 18 E.
coli strains were negative for MR adhesins. Two of
these E. coli strains (11 %) belonged to 1 out of 18 O
serogroups characteristic of diarrhoeagenic E. coli:
06, 08, 015, 018, 020, 025, 026, 028, 078, 080,
085, 086, O111, 0112, O115, 0119, O125 and O128
[25], but this was also true for 13% of all E. coli
strains. Klebsiella, Enterobacter and other non-E. coli
enterobacteria isolated in connection to diarrhoea
never expressed adhesins causing MRHA, nor did
they produce ST or LT.

DISCUSSION

The intestinal enterobacterial colonization pattern
was studied in Pakistani infants born in an urban slum
area of Lahore and followed during their first 6
months of life. The infants were delivered at home
with the aid of traditional birth attendants. Hygienic
measures were limited to washing the mother’s
perineal area with warm water; no antiseptic agents
were used. Still, only 38 % of the infants acquired E.
coli from their mothers, and other enterobacteria were
never transferred from mother to infant. In fact, since
some of the E. coli strains of suggested maternal
origin appeared as dominant strains in the infant’s
intestinal microflora after several weeks or months, it
is likely that they were transferred at a later time
point. The vertical transfer rate of E. coli found in the
Pakistani home-delivered infants is, thus, comparable
to that previously reported from hospital births in
industrialized societies, i.e. approximately 30%
[2,4,22]. Low transmission rates have previously
been ascribed to strict hygienic measures during
delivery, including washing with antiseptics. Our data
instead suggest that transfer of faecal bacteria is rare
when the mother gives birth in a supine delivery
position, and the baby is pulled out by an assistant.
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Kneeling or standing during delivery, as practised in,
e.g. Guatemalan Indian villages [1], may increase the
probability of faecal contamination of the baby and
thereby transfer of bacteria from mother to infant.
Regardless of the low rate of transfer from the
mother, practically all infants were colonized with
enterobacteria within 2 days after birth. This figure is
similar to the findings in previous studies of infants
from developing countries [1, 9, 26], but is higher than
reported from developed countries [9, 27, 28]. It is,
thus, evident that the environment in Pakistan
provides a rich source of enterobacteria capable of
colonizing the infant’s intestine. Klebsiella and Entero-
bacter spp., which dominated over E. coli during the
first week, were likely to derive from contaminated
feeds. Although all but one infant were breastfed, they
also received a variety of feeds and remedies before
breastfeeding was initiated and afterwards in addition
to breast milk. In the Western world, E. coli usually
dominates in healthy full-term neonates [27, 29],
whereas Klebsiella and Enterobacter sp. dominate in
neonatal intensive care units, which has been ex-
plained by a suppression of, i.e. E. coli by antibiotics
[4, 30, 31]. Similar to the pattern in Western countries,
the Klebsiella and Enterobacter strains were gradually
replaced by E. coli in the intestinal microflora as the
infants grew older, suggesting that the former are
more sensitive to the suppressive effect of anaerobic
bacteria which successively establish after birth [32].
During the 6 months we followed the infants,
different strains of E. coli and other enterobacteria
replaced one another in a rapid succession in the
individual infant’s intestinal flora. Only 1 out of 19
infants carried a resident strain during the whole 6
months period. This pattern is different from that
previously recognized in infants in industrialized
countries, who are often stably colonized for months
with the first E. coli strain they acquire [7, §8]. Thus,
93% of Swedish infants colonized with E. coli at 6
weeks of age carry a resident E. coli strain, and these
strains have a mean persistence time of 7 months [§].
Corresponding figures from our study were: 44 % of
infants colonized with E. coli at 1 month of age had
acquired a resident strain, whose mean persistence
time was 2-5 months. The Swedish infants were
followed for between 11 and 18 months, during which
period they acquired a mean of 4-2 different E. coli
strains each, contrasting with the 8-5 strains per infant
found here during a considerably shorter time (6
months). As the Swedish study obtained samples less
frequently than ours, the total number of sampling
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occasions was similar, but they examined a larger
number of colonies from each sample, which would
facilitate the detection of additional E. coli strains [8].

Despite the overall low tendency of individual E.
coli to persist in the Pakistani infants’ intestinal flora,
most strains transferred from the mother established
as residents in the infant. Thus, non-maternal strains
seemed poorly adapted to the human host. Some of
them may, in fact, derive from animals, which are
often kept in the immediate surroundings. In contrast,
infants born in Western countries face a set of selected
hospital enterobacterial strains transferred between
infants at the maternity ward, and probably ex-
clusively adapted to colonizing the intestinal tract of
the newborn infant [8].

The O-serotype distribution among E. coli strains
from Pakistani infants differed from that previously
reported from industrialized societies. Only 16 % of
the strains belonged to any of ten recognized
‘uropathogenic’ O groups, i.e. O1, 02, 04, 06, O7,
08, 016, 018, 025 and O75, whereas approximately
one third of E. coli strains isolated from the rectal
flora of neonates [22], older children [23] or adults [24]
in industrialized countries belong to these serotypes.
Furthermore, 50 % of the Pakistani strains were non-
typable with the antisera used, in contrast to around
20% of strains from Swedish neonates [2] or older
children [23]. Strains of maternal origin colonizing the
Pakistani infants, i.e. strains which are likely to be
well adapted to the human host, did not differ in
serotype distribution from strains of non-maternal
origin, indicating that predominant serogroups in the
human faecal flora may actually differ between
Pakistan and Sweden. To our knowledge, there are no
previous similar studies of E. coli serotypes of
individuals in developing countries.

Aerobic or facultative bacteria like E. coli elicit
specific antibody responses when colonizing the gut
[33]. The constant introduction of new bacterial
strains and species into the intestinal microflora may
provide a strong stimulus to the immune system.
Accordingly, Pakistani infants show a strong salivary
secretory IgA response against a pool of E. coli O
antigens at 2 months of age, while a similar level is not
reached by Swedish infants until 1-2 years of age [34].

One may ask whether the intestinal enterobacterial
colonization pattern in the Pakistani infants has any
consequences to health. Several studies indicate that
neonatal septicaemia is caused by enterobacteria
translocating from the gut [35, 36]. The constant
exposure of the Pakistani infant to new enterobacterial
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strains would increase the probability of encountering
virulent strains, and may also contribute to the very
high frequency of neonatal septicaemia in this country
[37]. Klebsiella sp. accounts for 30 % of the cases of
neonatal septicaemia in Pakistan [38], and the high
colonization rate with this bacterium in very young
Pakistani infants may be a cause of this dominance.

A colonization with Klebsiella or Enterobacter sp.
during the first week increased the apparent risk of
diarrhoea during the first weeks of life. Diarrhoea is
known to induce disturbances in the normal intestinal
microflora [39], but the early colonization with
Klebsiella and Enterobacter sp. was probably not a
result of the disease, since the occurrence of diarrhoea
did not peak until 7 days of age. Neither do we believe
that these bacteria were the direct cause of the disease.
Klebsiella sp. may produce ST and LT [40-42],
perhaps as a consequence of transfer of virulence
plasmids from E. coli [43], but we could not detect
production of ST or LT enterotoxins in the Klebsiella
or Enterobacter strains found in association with a
diarrhoeal episode. Thus, we favour the explanation
that the frequent colonization with Klebsiella and
Enterobacter sp. simply reflected that the intestinal
microflora in these infants provided poor ‘coloniza-
tion resistance’ against Klebsiella and Enterobacter sp.
as well as against unidentified diarrhoeal pathogens,
possibly due to a poorly developed anaerobic micro-
flora [44-46].

In summary, the Pakistani newborn infants exhibit
an unstable enterobacterial flora with a constant
renewal of strains, a pattern which may have
consequences for infant health. We believe the high
strain turnover reflects a heavy environmental ex-
posure to enterobacteria. Breastfeeding has been
shown to reduce colonization with Klebsiella, Entero-
bacter and Citrobacter sp. [9, 47] and also to create a
more stable and less diverse E. coli flora [47, 48]. In
addition, exclusive breastfeeding would prevent ex-
posure to enterobacteria present in contaminated
feeds. Thus, in poorly developing countries, exclusive
breastfeeding from the day of birth should be
promoted.
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