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Abstract

Background: Diarrhoeagenic Escherichia coli (DEC) pathotypes are among the most common bacterial causes of
morbidity and mortality in young children. These pathogens are not sought routinely and capacity for their detection is
limited in Africa. We investigated the distribution and dissemination of DEC in 126 children paired with their mothers
in a Nigerian community.

Methods: A total of 861 E. coli were isolated from 126 children with diarrhoea and their mothers. Antimicrobial
susceptibility of each isolate was determined by Kirby-Bauer disc diffusion technique. All the isolates were
screened for DEC markers by multiplex PCR. Genetic relatedness of DEC strains was determined by flagellin
typing and Insertion element 3 (IS3)-based PCR.

Results: DEC were identified from 35.7 % of individuals with the most common pathotype being shiga toxin-producing
E. coli (42, 16.7 %). Identical pathotypes were found in 13 (10.3 %) of the mother-child pairs and in three of these strains
from mothers and their children showed identical genetic signatures. Over 90 % of DEC isolates were resistant to
ampicillin, sulphonamide, tetracycline, streptomycin or trimethoprim, but only 9 (7.2 %) were ciprofloxacin resistant

Conclusion: The data suggest that healthy mothers are asymptomatic reservoirs of multiply-resistant strains that are
pathogenic in their children and there are instances in which identical strains are found in mother-child pairs.
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Background
Each year, diarrhoeal disease is responsible for deaths of
one in every ten children less than 5 years, resulting in
750,000 fatalities worldwide especially in sub-Saharan
Africa and south Asia [1, 2]. In some parts of these re-
gions, mortality rates are reducing considerably by about
4 % every year due to improved hygiene practices and
the success of oral rehydration therapy. Morbidity due
to diarrhoea is still however high in many other coun-
tries where outbreaks of diarrhoeal diseases continue to
affect many infants and young children [1, 3, 4]. Thus,
understanding the epidemiology and transmission of the
disease is important to accelerating the decline in mor-
tality and morbidity.
Thirty to forty percent of cases of acute diarrhoea in

children below 5 years of age are caused by diarrhoeagenic
Escherichia coli (DEC) [5–7]. Six pathotypes of DEC are

recognized on the basis of specific virulence factors. These
are enterotoxigenic E. coli (ETEC), enteroinvasive E. coli
(EIEC), enteropathogenic E. coli (EPEC), enterohemorrha-
gic E. coli (EHEC) (including shiga toxin producing E. coli
(STEC)), enteroaggregative E. coli (EAEC), and diffusely
adherent E. coli (DAEC) [8]. The epidemiological sig-
nificance and prevalence of each category of DEC in
childhood diarrhoea varies from one geographical loca-
tion to another. In spite of these variations, very few
studies with discriminatory methodology have been car-
ried out in sub-Saharan Africa to investigate the burden
of the pathogens [7–12].
Diarrhoea is spread primarily through faecal-oral route,

especially when contaminated food or water is consumed,
though evidence also showed that secondary transmission
or person-to-person transmission of diarrhoeal pathogens
also occurs, particularly among members of the same
household. If sharing of strains within the same household
contributes significantly to the perpetuation of virulent
clones, efforts to prevent within-household transmission
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could truncate the spread of diarrhoeagenic E. coli clones
in the community, in addition to protecting vulnerable
children from infection [13, 14].
We sought to evaluate the occurrence of DEC in chil-

dren with diarrhoea as well as the role of close contact
in intra-familial co-occurrence of DEC by comparing
DEC recovery from these children and their mothers in
a Nigerian community.

Methods
Study population and sample collection
Approval (IEC No. 00005422) for the study was obtained
from the Ethics and Research committee of Obafemi
Awolowo University Teaching Hospitals Complex, Ile-
Ife. Participants were recruited at the State Hospital
Oke-Ogbo, Ile-Ife, Osun State, between February 2008
and February 2011. All the participants gave informed
consent. One hundred and twenty-six children aged
five and below with diarrhoea of not more than 2
weeks duration, paired with their mothers (i.e. 252 in-
dividuals), were included. Consenting mothers and
their children were requested to produce stool samples
in sterile universal bottles. All samples were trans-
ported within 2 hours of collection to the laboratory
for processing.

Detection and Identification of Escherichia coli strains
Faecal samples were inoculated onto Eosin Methylene
Blue (EMB) agar plates (Oxoid Ltd., Basingstoke,
Hampshire, England) and incubated for 24 h aerobically
at 37 °C. Up to five morphologically distinct colonies
typical of E. coli were picked and identified by standard
biochemical testing [15].

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing for the isolates was
performed by the Kirby-Bauer disc diffusion technique
on Mueller Hinton agar (CM0337) (Oxoid Ltd., Basing-
stoke, Hampshire, England). Antibiotics tested included
ampicillin (AMP) (l0μg), streptomycin (STREP) (l0μg),
ciprofloxacin (CIP) (5 μg), nalixidic acid (NAL) (30 μg),
tetracycline (TET) (30 μg), chloramphenicol (CHLO)
(30 μg), sulphonamide (SUL) (300 μg), and trimethoprim
(TRIM) (5 μg) (Remel, U.S.A). The inoculated plates
were incubated at 37 °C for 24 h. Interpretation of the
diameters of the zones of inhibition was done according
to the guidelines set by clinical laboratory and standard
institute (2008). E. coli ATCC 25922 was used as the
quality control strain.

DNA Extraction
Isolate stocks were produced by sub-culturing single col-
onies from primary isolation plates. Two to three colonies
of the isolates were grown overnight in 5 ml of peptone

broth (Oxoid). A 1 ml aliquot of the culture was centri-
fuged at 10,000 rpm for 2 min in a microcentrifuge
(Biorad, USA). The cell pellet was suspended in 100 μl of
sterile water and boiled for 10 min. The resulting DNA
suspension was used as template DNA in subsequent
polymerase chain reaction (PCR) amplifications.

Screening for Diarrhoeagenic E. coli
E. coli isolates were screened for virulence genes that
characterized five different pathotypes of diarrhoeagenic
E. coli namely ETEC, EIEC, EPEC, EAEC, and EHEC in-
cluding STEC by multiplex PCR [16] (Table 1). E. coli
strains E2348/69, 042, H10407, EDL933, and E137
served as positive controls for EPEC, EAEC, ETEC,
EHEC (STEC), and EIEC respectively. E. coli DH5α,
which lacks all the diarrhoeagenic genes was used as a
negative control. Amplified reactions (5 μl) were electro-
phoresed on a 1.5 % (w/v) agarose gel in 1X TAE buffer
and visualized in ultraviolet light after ethidium bromide
staining.

Genetic profiling
Insertion element 3 (IS3)-based PCR profiles were gener-
ated by amplification with the IS3A primer of Thompson
et al. [17] (Table 1) and electrophoresis on 1.5 % agarose
gels as previously described [18]. PCR-Restriction frag-
ment length polymorphisms of the fliC gene were per-
formed by amplifying the fliC allele and digesting
amplicons with RsaI, as described by Fields et al. [19].
Each distinct PCR-RFLP profile was assigned a letter code.

Statistical analysis
The Chi square (χ2) and Fischer’s exact test (two tailed),
performed using SPSS statistical software (version 15)
(Chicago, IL, USA) were used to determine the statistical
significance of the data. All reported p-values were two-
sided and a p-value of less than or equal to 0.05 was
considered to be statistically significant.

Results
Subjects and Faecal Escherichia coli isolates
A total of 252 stool samples were collected from 126
children with diarrhoea aged one month to five years
(13.57 ± 11.35) paired with their apparently healthy
mothers aged 15 to 46 years (19.74 ± 10.88). The chil-
dren were distributed as: 0–6 months 25 (19.8 %), 7–12
months 57 (45.2 %), 13–24 months 33 (26.2 %), and
25–60 months 11 (8.7 %). From the 252 samples exam-
ined, 861 strains of E. coli comprising of 438 from chil-
dren and 423 from mothers were isolated.

Diarrhoeagenic Escherichia coli pathotypes
Of 252 stool samples examined, 90 (35.7 %), comprised
of 45 samples from mothers and 45 from children were
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positive for at least one pathotype of DEC. In all, there
were 125 different DEC strains identified of which 65
(25 %) and 60 (48 %) were from children and mothers
respectively (Table 2). Shiga toxin producing E. coli
(STEC) 42 (16.7 %) was the most prevalent sub-pathotype
of DEC detected. Thirty-two of these STEC strains har-
bored both stx1 and stx2 genes. Other pathotypes identi-
fied were enterotoxigenic E coli (ETEC) 40 (15.9 %),
enteroaggregative E. coli 21 (8.3 %), and enteropathogenic
E. coli (EPEC) 13 (5.2 %). Enteroinvasive (EIEC) 2 (0.8 %)
were found only among isolates from mothers. Among
the ETEC strains, heat-labile toxin gene alone was more
commonly found, 23 (57.5 %) than the heat stable toxin
gene 16 (40 %), whereas only 1 of 40 (2.5 %) possessed
both genes.
Multiple DEC pathotypes were recovered from 8

(6.3 %) children and 10 (7.9 %) mothers. As shown in
Table 3, the most frequent of such combinations was
STEC with EPEC, 3 (16.7 %).
As shown in Table 4, DEC were most commonly

recovered from children aged between age 7 and
24 months. Recovery within the first 6-months of life
and after two years was relatively rare. STEC was iso-
lated across the different age categories, whereas EPEC
was most commonly seen in children less than 1 year.

Table 1 Polymerase chain reaction primers for diarrhoeagenic genes, IS3 and fliC of Escherichia colia

Target gene or probe Type Primer Designation Primers (5’ to 3’) Amplicon size (base pair)

eae EPEC/EHEC eae 1 CTGAACGGCGATTACGCGAA 917

eae 2 CCAGACGATACGATCCAG

bfp EPEC bfp 1 AATGGGCTTGCGCTTCCAG 326

bfp 2 GCCGCTTTATCCAACCTGGTA

CVD432 EAEC EAEC1 CTGGCGAAAGACTGTATCAT 630

EAEC2 CAATGTATAGAAATCCGCTGTT

LT gene ETEC LTf GGCGACAGATTATACCGTGC 450

LTr CGGTCTCTATTATACCGTGC

ST gene ETEC STf ATTTTTMTTTCTGTATTRTCTT 190

STr CACCCGGTACARGCAGGATT

ipaH EIEC IpaH1 GTTCCTTGACCGCCTTTCCGATACCGTC 600

IpaH2 GCCGGTCAGCCACCCTCTGAGAGTAC

Stx1 EHEC/STEC Stx1f ATAAATCGCCATTCGTTGACTAC 180

Stx2r AGAACGCCCACTGAGATCATCC

stx2 EHEC/STEC Stx2f GGCACTGTCTGAAACTGCTCC 255

Stx2r TCGCCAGTTATCTGACATTCTG

IS3 N/A IS3 ACACTTAGCCGCGTGTCC Variable

fliC N/A F-FLIC1 ATGGCACAAGTCATTAATACCCAAC Variable

R-FLIC2 CTAACCCTGCAGCAGAGACA
aeae intimin, EPEC Enteropathogenic E. coli, EHEC Enterohemorrhagic E. coli, bfp bundle forming pilus, CVD432 aggregative adherence plasmid marker, EAEC
Enteroaggregative E. coli, LT Heat-labile toxin, ETEC Enterotoxigenic E. coli, ST Heat-stable toxin, ipaH invasive plasmid antigen, EIEC Enteroinvasive E. coli, stx
shiga toxin, STEC shiga toxin producing E. coli, N/A Not applicable

Table 2 Distribution of diarrhoeagenic virulence genes in faecal
Escherichia coli from mother and child pairs*

No. (%) of subjects

DEC Type Mothers Children P-value (χ2)

(n = 126) (n = 126)

EAEC 11 (8.7) 10 (8.7) 1.000

STEC 18 (14.3) 24 (19) 0.310

stx1 (only) 6 (4.8) 4 (3.2) 0.749

stx2 (only) - - -

stx1and stx2 12 (9.5) 20 (15.9) 0.130

EPEC 7 (5.6) 7 (5.6) 0.776

Typical (bfp+) 7 (5.6) 3 (2.4) 0.334

Atypical (bfp-) 0 (0) 4 (3.2) 0.122

ETEC 20 (15.9) 20 (15.9) 1.000

LT (only) 9 (7.1) 14 (11.1) 0.274

ST (only) 10 (8.7) 6 (4.8) 0.310

LT and ST 1 (0.8) 0 (0) 1.000

EIEC 2 (1.6) 0 (0) 0.498

Total 60 (48) 65 (52) 0.527

*p-value Probability value of chi square, EAEC Enteroaggregative E. coli, EHEC
Enteroheamorrhagic E. coli, STEC Shiga toxin producing E. coli, stx shiga toxin,
EPEC Enteropathogenic E .coli, bfp bundle forming pilus, ETEC Enterotoxigenic
E. coli, LT Labile toxin, ST Stable toxin, EIEC Enteroinvasive E. coli
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The other pathotypes were most commonly recovered
from children 7–24 months.

Recovery of identical pathotypes of DEC from mother and
child pairs
Identical DEC pathotypes were detected in 13 (10.3 %)
of all the 126 mother-child pairs tested. These consisted
of five ETEC, five EAEC and three STEC strains. EAEC
was recovered in 2 (1.6 %) of children (with infected
mothers) in the age groups 7–12 months and 13–24
months while 1 (0.8 %) was recovered in age group 25–
60 months. No EAEC was detected in children below
7 months of age. Four of five pairs from which ETEC
was recovered included infected children in the age range
7–12 months. No EPEC and EHEC were recovered from
children with colonized mothers (Table 5).
We determined whether isolates of the same pathotype

obtained from mother-infant pairs produced identical or
similar band patterns after PCR profiling with an IS3
primer (Fig. 1). Isolates showing non-identical profiles

that were similar were shortlisted because in our experi-
ence, IS3 profiles can vary slightly between experiments.
Five within-pair similarities were seen: these strains
showed identical or similar (not more than two different
bands) profiles. Isolates showing within-pair similarities
were then subjected to fliC allele typing by PCR-RFLP.
Based on these profiles indistinguishable isolates were
obtained from five mother-infant pairs (Table 6). Three
isolates pairs showed identical/similar IS3 profiles and
identical fliC PCR-RFLP patterns. Two of these pairs
were EAEC (C16b and M16d, C271a and M271a) and
the third STEC isolates (C72b and M72a). Two ETEC
isolates showed similar/identical IS3 patterns and pro-
duced no fliC amplicons (Table 6). Within-pair IS3 pro-
files were distinctly different for seven pairs and in the
case of one ETEC pair, although the IS3 profiles were
identical, fliC PCR-RFLP patterns were different (Fig. 1,
Table 6). Thus we conclude that in the case of three to
five mother infant pairs, identical DEC isolates were re-
covered from mother and child. IS3 profiles (Fig. 1) and
fliC PCR-RFLP patterns (Fig. 2) differed considerably
among different pairs suggesting that a diverse range of
DEC strains are circulating in the study population.

Antimicrobial resistance patterns of diarrhoeagenic
Escherichia coli (DEC) isolates and Non Diarrhoeagenic
Escherichia coli (non-DEC) from mother and child pairs
The DEC (n = 125) isolates exhibited high rates of resist-
ance to most antibacterial commonly available and that
were also tested in the study. These included ampicillin
121 (96.8 %), sulphonamide 118 (94.4 %), tetracycline
119 (95.2 %), streptomycin 115 (92 %), trimethoprim 113
(90.4 %), chloramphenicol 58 (46.4 %), and nalidixic acid
58 (46.4 %). A much lower rate of resistance was seen to
ciprofloxacin 9 (7.2 %). Similar profiles were seen with
specific pathotypes detected. While all the EAEC (21 of
21), and EIEC (2 of 2) strains were resistant to tetracyc-
line, sulphonamide, ampicillin and streptomycin, they
were all susceptible to ciprofloxacin (Table 7).
When the antimicrobial resistance profiles of 125 diar-

rhoeagenic E. coli isolates were compared with that of the
736 non-DEC isolates, there was no significant difference
in the rates of resistance as both groups recorded similar

Table 3 Frequency of multiple pathotypes of diarrhoeagenic
Escherichia coli among the mother and child groupsa

Multiple pathotypes No (%) of positive samples

Mother (n = 126) Child (n = 126)

ETEC (ST) + STEC 1 (0.8) 1 (0.8)

ETEC (LT) + STEC 1 (0.8) 0 (0)

ETEC (ST) + ETEC (LT) 2 (0.8) 0 (0)

EPEC + ETEC(ST) 1 (0.8) 1 (0.8)

EPEC + ETEC(LT) + ETEC(ST) 0 (0) 1 (0.8)

EHEC + EPEC + ETEC(LT) + EAEC 0 (0) 1 (0.8)

EAEC + ETEC(LT + ST) 1 (0.8) 0 (0)

EAEC + ETEC(LT) 0 (0) 1 (0.8)

EAEC + ETEC(ST) + EIEC 1 (0.8) 0 (0)

EPEC + STEC 2 (1.6) 1 (0.8)

EHEC + STEC 0 (0) 1 (0.8)

EAEC + STEC 1 (0.8) 1 (0.8)

Total 10 (7.9) 8 (6.3)
aETEC Enterotoxigenic E. coli, ST heat stable toxin, STEC shiga toxin producing
E. coli, LT heat labile toxin, EPEC Enteropathogenic E. coli, EHEC
Enteroheamorrhagic E. coli, EAEC Enteroaggregative E. coli, EIEC Enteroinvasive
E. coli

Table 4 Frequency and age distribution of diarrhoeagenic Escherichia coli isolated from faecal samples of children with diarrhoeaa

Age (mths) No of Children
(126)

Total isolates
(65)

Types of Diarrhoeagenic E. coli

EPEC (n = 7) EAEC (n = 10) ETEC (n = 20) STEC (n = 24) EHEC (n = 4)

0–6 25 8 (32) 2 (8) 0 (0) 1 (4) 5 (20) 0 (0)

7–12 57 32 (56.1) 4 (7) 4 (7) 11 (19.3) 10 (17.5) 3 (5.3)

13–24 33 23 (69.7) 1 (3) 5 (15.2) 8 (24.2) 8 (24.2) 1 (3)

25–60 11 2 (18.2) 0 (0) 1 (9.1) 0 (0) 1 (9.1) 0 (0)
aAge Age categories of children, EPEC Enteropathogenic E. coli, EAEC Enteroaggregative E. coli, ETEC Enterotoxigenic E. coli, STEC Shiga toxin producing E. coli, EHEC
Enteroheamorrhagic E. coli
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high rates of resistance to all the antibiotics except to cip-
rofloxacin (Table 7).
Multidrug resistance (i.e. resistance to three or more

different classes of antibiotics) was present in 98.4 % of
the DEC isolates (Table 8). The multi-resistance pattern
of the DEC isolates was compared with the non-DEC
isolates as shown in Table 5. Notably, 125 (98.4 %) of
DEC isolates were resistant to three or more antibiotics
in comparison to 736 (98.9 %) of the non-DEC isolates
showing that there was no significance difference be-
tween the two groups (χ2 = 0.115; p = 0.621).

Discussion
Diarrhoea remains one of the main causes of morbidity
and mortality in children worldwide and a large propor-
tion of bacterial gastroenteritis is caused by diarrhoea-
genic E. coli [1, 20]. In the present study, DEC was
isolated in 90 (35.7 %) samples from 126 mother-child
pairs, of which 45 (35.7 %) were from children with diar-
rhoea and 45 (35.7 %) were from their mothers. The
prevalence of DEC from children with diarrhoea in this
study is comparable to 37.1 % found in a previous con-
trolled study among children with diarrhoea in Ile-Ife
[21]. However, a limitation of the study is that children
without diarrhoea were not included as controls.
DEC was most commonly recovered from children be-

tween 7 and 24 months of age. Children below six months
of age may have been protected by maternal antibodies
from exclusive breastfeeding while older children may be
protected by their own acquired immunity following ex-
posure to the infectious agent earlier in life. The high
prevalence of DEC among children in the age group 7–24
months emphasizes the vulnerability during and following
weaning, at a time when children are still in close contact
with their mothers [22–25].
Multiple DEC categories were recovered from samples

from 8 (6.3 %) diarrheic children between 5 and 13 months

Table 5 Age distribution of mother and child pairs with
identical diarrhoeagenic E. coli pathotypesa

DEC Types Paired Age in months

Mother-child

N = 126 0–6 (%) 7–12 (%) 13–24 (%) 25–60 (%)

ETEC 5 (4.0) 0 (0) 4 (3.2) 1 (0.8) 0 (0)

EAEC 5 (4.0) 0 (0) 2 (1.6) 2 (1.6) 1 (0.8)

STEC 3 (2.4) 0 (0) 3 (2.4) 0 (0) 0 (0)

Total 13 (10.3) 0 (0) 9 (7.2) 3 (2.4) 1 (0.8)
a ETEC Enterotoxigenic E. coli, EAEC Enteroaggregative E. coli, STEC Shiga toxin
producing E. coli

Fig. 1 IS3 profiling gels of isolates with similar pathotypes of Escherichia coli from mother and child pairs. Lanes L: 1 kb ladder plus
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of age (Data not shown). Mixed infections are re-
ported to involve more dehydration when compared
with episodes caused by a single diarrhoeagenic E. coli
pathotype [26, 27].
STEC 42 (16.7 %) was the most prevalent DEC patho-

type isolated from both children with diarrhoea and
mothers. This observed high prevalence of STEC found
in this study is similar to the findings of Garcia [28] and
Alikhani [29] but it is in contrast to other studies that
reported very low prevalence in children with diarrhea
[11, 30, 31]. The detection of STEC in this study sug-
gests the possibility of community-wide risk of severe
STEC disease such as hemorrhagic colitis and hemolytic
uremic syndrome. It may also point to a high prevalence

of stx phages and therefore the potential for horizontal
transfer of virulence creating new pathogenic lineages or
hybrid strains. When STEC were found with another
pathotype, the second pathotype was most commonly
EPEC. Because EHEC carry eae and shiga toxin genes,
this combination might have been misinterpreted to rep-
resent EHEC had we used stool PCRs rather than the
isolation and identification methods we employed.
ETEC and EAEC have been reported as important

causes of childhood diarrhoea in West Africa [7, 32–35].
In this study, ETEC was detected in specimens from 20
(15.9 %) and EAEC 7.9 % of children. EAEC recovery
was lower than seen in some other Nigerian studies [11,
21]. The low recovery may be attributable to the use of a
DNA probe, CVD432 to detect EAEC in this study in
place of HEp-2 adherence assay which is the Gold
Standard for EAEC detection [21, 36]. The HEp-2 adher-
ence assay is currently not implementable in Nigeria be-
cause tissue culture is not available in existing
bacteriology labs. Recovery of identical pathotypes of
ETEC and EAEC from mother and child pairs suggests
the possible role of person-to-person transmission of in-
fection of these two DEC pathotypes although infection
from a common source can also not be ruled out.
Twenty-three (57.5 %) of the 40 ETEC strains identi-

fied in this study possess genes encoding the heat-labile
toxin (LT) and 16 (40 %) encode ST. In the recent
GEMS study and earlier research, ST-producing ETEC
have shown greater association with diarrhoea than al-
most all other enteropathogens at multiple developing
country sites [7]. It is therefore of concern that 11
(9.5 %) of mothers were found carrying this subcategory
of ETEC, which could potentially be transmitted to vul-
nerable children. Mothers also harbored all other DEC
categories recovered from the children with diarrhoea in

Table 6 Isolates from mother-child pairs demonstrating the same pathotype and similar IS3 profilesa

DEC Types Isolate No Resistance profiles fliC IS3

ETEC C114b TET SUL AMP NA G

M114e TET TRIM SUL AMP NAL CHLO NA G

C131d TET TRIM SUL AMP STREP NAL CHLO NA F

M131b TET TRIM SUL AMP STREP NAL NA F

C138c TET TRIM SUL AMP STREP S E

M138a TET TRIM SUL AMP CIP STREP NAL CHLO T E

EAEC C16b TET TRIM SUL AMP STREP CHLO R B

M16d TET TRIM SUL AMP STREP NAL CHLO R B

C271a TET TRIM SUL AMP STREP NAL CHLO P C

M271a TET TRIM SUL AMP STREP CHLO P C

STEC C72b TET TRIM SUL AMP STREP NAL Q D

M72a TET TRIM SUL AMP STREP Q D
aEAEC Enteroaggregative E. coli, ETEC Enterotoxigenic E. coli, STEC Shiga toxin producing E. coli, C child, M mother, TET Tetracycline, TRIM Trimethoprim, SUL
Sulphonamide, AMP Ampicillin, CIP Ciprofloxacin, STREP Streptomycin, NAL Nalidixic acid, CHLO Chloramphenicol, IS Insertion sequence, NA No amplicon

Fig. 2 RsaI RLFP profiles from DEC isolates with identical or similar
IS3 profiles. Lanes L: 1 kb ladder plus
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this study, except EIEC, adding to available data that
mothers and other adults may be reservoirs for enteric
pathogens associated with infantile diarrhea [37]. Of
note is the presence of identical DEC strains in three to
five mother-infant pairs. Interestingly, we did not see
identical strains among unpaired isolates, suggesting that
these strains are probably not clones that are disseminated
community-wide. Consequently, the data point to trans-
mission of some strains to children by their mothers, or
vice versa, or interfamilial infection from a common
source. Whichever of these scenarios is in play, interven-
tions that interfere with transmission within households
could prevent the dissemination of DEC, even if inde-
pendent acquisition of these pathogens by children is
more important.
Infantile diarrhoea should normally be managed without

antimicrobials. Antimicrobial drug therapy is however rec-
ommended when diarrhoea is invasive or persistent, and
concerns are increasing in studies reporting multiple anti-
microbial resistance among strains of pathogenic E. coli

[38–40]. Our data showed the presence of multidrug-
resistance in 123 of 125 (98.4 %) DEC isolates recovered
in this study. Recent reports point to similar trends among
enteric bacteria from Nigeria and neighboring countries
[41–46]. Our data suggest that, ciprofloxacin is an option
for treating persistent and invasive diarrheas in our local-
ity, but the finding that the fluoroquinolones are the only
tested antimicrobial class to which susceptibility is com-
mon is a critical concern.
The observed high prevalence of multidrug-resistance

in this and other studies is worrisome and reflective of
selection from heavy and indiscriminate use of common
antimicrobial agents [47]. While we did not test all anti-
microbial options, we did include a representative from
each broad antimicrobial class. In this study, resistance
to sulphonamide, tetracycline, trimethoprim, ampicillin
and streptomycin was most commonly seen. Only about
one in two isolates was found to be resistant to nalidixic
acid and chloramphenicol, while the lowest rate of re-
sistance was to ciprofloxacin. The relatively low rate of
resistance to ciprofloxacin 9 (7.2 %) observed might be
due to lower selective pressure due to its relative high
cost and its relatively recent introduction into Nigerian
[48]. Even then, this level of resistance is still worrisome,
as many strains are nalidixic acid resistant and therefore
already on the route to step-wise resistance to the fluor-
oquinolones. Moreover, fluroquinolone treatment failure
has been documented in nalidixic acid resistant strains
[49–51] and the fluoroquinolones are drugs of last resort
in the treatment of infectious diseases in this part of the
world.

Conclusion
In conclusion, diarrhoeagenic E. coli were found in
cases of childhood diarrhoea as well as in apparently
healthy mothers in Ile-Ife, Nigeria. STEC was the most
frequently detected pathotype but ETEC and EAEC
were most commonly found in both parties in mother-
child pairs. In children, diarrhoeagenic E. coli were most

Table 7 Antimicrobial resistance pattern of diarrhoeagenic E. coli isolatesa

Antimicrobial
agents

No of resistant DEC isolates (%) Non DEC (%) P-value

EPEC (N = 14) EAEC (N = 21) EHEC (N = 6) ETEC (N = 40) STEC (N = 42) EIEC (N = 2) Total (N = 125) N = 736

Tetracycline 14 (100) 21 (100) 6 (100) 37 (92.5) 39 (92.9) 2 (100) 119 (95.2) 683 (92.8) 0.326

Trimethoprim 11 (78.6) 21 (100) 5 (83.3) 36 (90) 38 (90.5) 2 (100) 113 (90.4) 617 (83.8) 0.059

Sulphonamide 12 (85.7) 21 (100) 6 (100) 37 (92.5) 40 (95.2) 2 (100) 118 (94.4) 689 (93.6) 0.738

Ampicillin 13 (92.9) 21 (100) 6 (100) 39 (97.5) 40 (95.2) 2 (100) 121 (96.8) 666 (90.5) 0.061

Ciprofloxacin 1 (7.1) 0 (0) 1 (16.7) 3 (7.3) 4 (9.5) 0 (0) 9 (7.2) 65 (8.8) 0.547

Streptomycin 12 (85.7) 21 (100) 6 (100) 35 (87.5) 39 (92.9) 2 (100) 115 (92) 706 (95.9) 0.090

Nalidixic acid 4 (28.6) 8 (38.1) 3 (50) 20 (50) 23 (54.8) 1 (50) 58 (46.4) 351 (47.7) 0.902

Chloramphenicol 16 (42.9) 12 (57.2) 1 (16.7) 13 (32.5) 25 (59.5) 1 (50) 58 (46.4) 356 (48.4) 0.538
aDEC diarrhoeagenic E. coli, EPEC Enteropathogenic E. coli, EAEC Enteroaggregative E. coli, EHEC Enteroheamorrhagic E. coli, ETEC Enterotoxigenic E. coli, STEC Shiga
toxin producing E. coli, EIEC Enteroinvasive E. coli, P probability

Table 8 Multi resistance of diarrhoeagenic E. coli and non
diarrhoeagenic E. coli to eight antibioticsa

No of tested antibiotics No of resistant isolates P-value

DEC N = 125 non-DEC N = 736

0 0 (0) 0 (0) -

1 0 (0) 3 (0.40) 1.000

2 2 (1.6) 12 (1.6) 0.980

3 10 (7.6) 9 (6.5) 0.583

4 7 (5.6) 60 (8.2) 0.325

5 30 (24) 200 (27.2) 0.458

6 46 (36.8) 207 (28.1) 0.063

7 28 (22.4) 183 (24.9) 0.554

8 6 (4.8) 38 (5.2) 0.865

≥3 123 (98.4) 728 (98.9) 0.621
aP probability, DEC diarrhoeagenic Escherichia coli, non-DEC non- diarrhoeagenic
Escherichia coli
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commonly detected in children aged 7 to 24 months.
There was a very high rate of antibacterial resistance in
diarrhoeagenic Escherichia coli to antibiotics that are
commonly employed to treat infections with the excep-
tion of ciprofloxacin. This study highlights the import-
ance E. coli pathotypes as agents of diarrhoea and
points to the possibility of person-to-person transmis-
sion in their spread. Because DEC pathogens were
isolated in apparently healthy mothers, the data suggest
that household members such as mothers can serve as
asymptomatic reservoirs for strains that are potentially
pathogenic in young children. In a small number of
instances, apparently identical DEC isolates were recov-
ered from mother-child pairs. Both these findings points
to a need for improved sanitation and hand washing inter-
ventions in the home as well as the development of
vaccines that can protect weaned children from the most
common pathotypes. Furthermore, antimicrobial steward-
ship programs that impact community use of these drugs
are needed to contain antimicrobial resistance.

Abbreviations
DEAC: Diffusely adherent E. coli; DEC: Diarrhoeagenic E. col;
EAEC: Enteroaggregative E. coli; EHEC: Enterohemorrhagic E. coli;
EIEC: Enteroinvasive E. coli; EPEC: Enteropathogenic E. coli;
ETEC: Enterotoxigenic E. coli; PCR-RFLP: PCR-Restriction fragment length
polymorphisms; STEC: Shiga toxin producing E. coli.

Competing interests
The authors declare that they have no competing interests

Authors’ contributions
AOA and INO conceived this study. BWO and JH performed the experiments.
BWO, AOA and INO analysed data. BWO, AOA and INO wrote the
manuscript. All authors read and approved the final manuscript.

Acknowledgements
We thank all the workers at Osun State hospital, Oke-Ogbo and the participants
(mothers and their children) that provided the stool samples used in this study
for their cooperation.

Source(s) of support
Iruka Okeke was supported by a Branco Weiss Fellowship from the Society in
Science and Babatunde Odetoyin was supported by an International
fellowship for Africa from American Society for Microbiology.

Author details
1Department of Medical Microbiology and Parasitology, Obafemi Awolowo
University, Ile-Ife, Nigeria. 2Department of Biology, Haverford College, 370
Lancaster Avenue, Haverford, PA 19041, USA. 3Faculty of Pharmacy, University
of Ibadan, Ibadan, Nigeria.

Received: 6 August 2015 Accepted: 19 January 2016

References
1. World Health Organization. Diarrhoea disease: WHO fact sheet. 2013.

Available at: http://www.who.int/mediacentre/factsheets/fs330/en/.
Accessed 1 June 2013.

2. Liu L, Johnson HL, Cousens S, Susana Scott PJ, Lawn JE, Rudan I, et al.
Global, regional, and national causes of child mortality: an updated
systematic analysis for 2010 with time trends since. Lancet. 2012;379:2151–61.

3. Kumar SG, Subita L. Diarrhoeal diseases in developing countries: a
situational analysis. Kathmandu Univ Med J. 2012;11(2):83–8.

4. World Health Organization. Diarrhoeal Diseases. 2012. Available at:
http://www.who.int/mediacentre/factsheets/fs330/en/index.html.
Accessed 16 April 2012.

5. O’ Ryan M, Prado V, Pickering LK. A millennium update on paediatric Illness
in the developing world. Semin Pediatr Infect Dis. 2005;16:125–36.

6. Nataro JP, Mai V, Johnson J. Diarrhoeagenic Escherichia coli infection in
Baltimore, Maryland and New Haven, Connecticut. Clin Infect Dis. 2006;
43:402–7.

7. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S,
et al. Burden and aetiology of diarrhoeal disease in infants and young
children in developing countries (the Global Enteric Multicenter Study,
GEMS): a prospective, case-control study. Lancet. 2013;55(4):S232–45.

8. Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli. Nat Rev
Microbiol. 2004;2:123–40.

9. Bonkoungou IJ, Haukka K, Österblad M, Hakanen AJ, Traoré AS, Barro N,
et al. Bacterial and viral etiology of childhood diarrhoea in Ouagadougou,
Burkina Faso. BMC Pediatr. 2013;13:36.

10. Albert MJ, Faruque AS, Faruque SM, Sack RB, Mahalanabis D. Case-control
study of enteropathogens associated with childhood diarrhoea in Dhaka,
Bangladesh. J Clin Microbiol. 2009;37:3458–64.

11. Nweze EI. Aetiology of diarrhoea and virulence properties of diarrhoeagenic
Escherichia coli among patients and healthy subjects in southeast Nigeria.
J Health Popul Nutr. 2010;28(3):245–52.

12. Okeke IN. Diarrhegenic Escherichia coli in Africa: status, uncertainties and
necessities. J Infect Dev Ctries. 2009;3(11):817–42.

13. Stritt A, Tschumi S, Kottanattu L, Bucher BS, Steinmann M, von Steiger N,
et al. Neonatal Hemolytic Uremic Syndrome After Mother-to-Child
Transmission of a Low-Pathogenic stx2b Harboring Shiga Toxin Producing
Escherichia coli. Clin Infect Dis. 2012;56(1):114–6.

14. Seto EYW, Sollen JA, Colford JM. Strategies to Reduce Person-to-Person
transmission during Widespread Escherichia coli O157:H7 Outbreak. Emerg
Infect Dis. 2007;13(6):860–6.

15. Faith JJ, Guruge JL, Charbonneau M, Subramanian S, Seedorf H, Goodman
AL, et al. The long-term stability of the human gut microbiota. Science.
2013;34(6141):1237439. doi:10.1126/science.1237439.

16. Aranda KR, Fagundes Neto U, Scaletsky IC. Evaluation of multiplex PCRs for
diagnosis of infection with diarrhoeagenic Escherichia coli and Shigella spp.
J Clin Microbio. 2004;l42:5849–53.

17. Thompson CJ, Daly C, Getchell JP, Gilchrist MJ, Loeffelhotz MJ. Insertion
element IS3 based PCR method for subtyping Escherichia coli O157:H7. J Clin
Microbiol. 1998;36(5):1180–4.

18. Okeke IN, Macfarlane-Smith LR, Fletcher JN, Snelling AM. IS3 profiling
identifies the enterohaemorrhagic Escherichia coli O-island 62 in a distinct
enteroaggregative Escherichia coli lineage. Gut Pathog. 2011;30(3):4.
doi:10.1186/1757-4749-3-4.

19. Fields P, Blom K, Hughes HJ, Helsel LO, Feng P, Swaminathan B. Molecular
characterization of the gene encoding H antigen in Escherichia coli and
development of a PCR-restriction fragment length polymorphism test for
identification of E. coli O157:H7 and O157:NM. J Clin Microbiol. 1997;35:1066–70.

20. Clarke SC, Haigh RD, Freestone PP, Williams PH. Enteropathogenic Escherichia
coli infection: history and clinical aspect. Br J Biomed Sci. 2002;59(2):123–7.

21. Okeke IN, Lamikanra A, Steinruck H, Kaper JB. Characterization of Escherichia
coli strains from cases of childhood diarrhoea in provincial southwestern
Nigeria. J Clin Microbiol. 2000;38:7–12.

22. Egbontan AE, Ojo OA, Jacob SJ. Prevalence of Diarrhoea Causing
microorganisms among children that are Exclusively Breastfed and those on
Weaning Foods. Pac J Sci Technol. 2013;14(1):334–41.

23. Duche RT, Amali O, Umeh EU. Bacterial Contamination of Children’s
Weaning Foods in Asase, North Bank, Makurdi. Int J Sci Eng Res.
2013;4(8):2184–225.

24. Motarjemi Y. Contaminated weaning food, a major risk factor in the causation of
diarrhea and associated malnutrition. Bull World Health Organ. 1993;71:79–92.

25. Oluwafemi F, Ibeh NI. Microbial contamination of seven major weaning
foods in Nigeria. J Health Popul Nutr. 2011;29(4):415–9.

26. Ochoa JT, Ecker L, Barletta F, Mispireta LM, Gil AI, Contreras C, et al. Age-related
susceptibility to infection with Diarrhoeagenic Escherichia coli among Infants
from Peri urban Areas in Lima, Peru. Clin Infec Dis. 2009;49:1694–702.

27. Pourakbari B, Heydari H, Mahmoudi S, Sabouni F, Teymuri M, Ferdosian F,
et al. Diarrhoeagenic E. coli pathotypes in children with and without
diarrhoea in an Iranian referral paediatrics centre. East Mediterr Health J.
2013;19(7):617–21.

Odetoyin et al. BMC Infectious Diseases  (2016) 16:28 Page 8 of 9

http://www.who.int/mediacentre/factsheets/fs330/en/
http://www.who.int/mediacentre/factsheets/fs330/en/index.html
http://dx.doi.org/10.1126/science.1237439
http://dx.doi.org/10.1186/1757-4749-3-4


28. Garcia PG, Silva VL, Diniz CG. Diarrhoeagenic Escherichia coli in faecal
microbiota from children with and without acute diarrhoea. J Microbiol.
2011;49(1):46–52. doi:10.1007/s12275-011-0172.

29. Alikhani MY, Mirsalehian A, Fatollahzadeh B, Pourshafie MR, Aslani MM.
Prevalence of Enteropathogenic and shiga toxin-producing Escherichia coli
among children with and without diarrhoea in Iran. J Health Popul Nutr.
2007;25(1):88–93.

30. Dedeić-Ljubović A, Hukić M, Bekić D, Zvizdić A. Frequency and distribution
of Diarrhoeagenic Escherichia coli strains isolated from pediatric patients with
diarrhoea in Bosnia and Herzegovina. Bosn J Basic Med Sci. 2009;9:148–55.

31. Shettyv VA, Kumar S-H, Shetty AK, Karunasagar I, Karunasagar I. Prevalence
and characterization of diarrhoeagenic Escherichia coli isolated from adults
and children in Mangalore. India J Lab Physicians. 2012;4(1):24–9.

32. Okeke IN, Ojo O, Lamikanra A, Kaper JB. Etiology of Acute diarrhoea in
adults in Southwestern Nigeria. J Clin Microbiol. 2003;41(10):4525–30.

33. Opintan JA, Newman MJ, Ayeh-Kumi PF, Affrim R, Gepi-Attee R, Sevilleja EA,
et al. Pediatric diarrhoea in southern Ghana: etiology and association with
intestinal inflammation and malnutrition. Am J Trop Med Hyg. 2010;83:936–43.

34. Pabalan N, Singian E, Jarjanazi H, Steiner TS. Enteroaggregative Escherichia
coli and acute diarrhoea in children: a meta-analysis of South Asian
populations. Eur J Clin Microbiol Infect Dis. 2013;32(5):597–607.

35. Okhuysen PC, DuPont HL. Enteroaggregative Escherichia coli (EAEC): A cause
of acute and persistent diarrhoea of worldwide importance. J Infect Dis.
2010;202(4):503–5.

36. Presterl E, Zwick R, Reichmann S, Aichelburg A, Winkler S, Kremsner PG, et
al. Frequency and Virulence Properties of Diarrhoeagenic Escherichia coli in
children with Diarrhoea in Gabon. Am J Trop Med Hyg. 2003;69(4):406–10.

37. Opintan JA, Rima A, Bishar A, Newman MJ, Okeke IN. Carriage of
diarrhoeagenic Escherichia coli by older children and adults in Accra, Ghana.
Trans R Soc Trop Med Hyg. 2013;104:504–6.

38. Aslani MM, Salmanzadeh-Ahrabi S, Alikhani YM, Jafari F, Zali RM, Mani M.
Molecular detection and antimicrobial resistance of diarrhoeagenic Escherichia
coli strains isolated from diarrhoeal cases. Saudi Med J. 2008;29(3):388–92.

39. Al-Gallas N, Bahri O, Bouratbeen A, Ben Haasen A, Aissa B, Archer R. Etiology
of acute diarrhoea in children and adults in Tunis, Tunisia, with emphasis on
diarrhoeagenic Escherichia coli: prevalence, phenotyping, and molecular
epidemiology. American Public Health Association. Am J Trop Med Hyg.
2007;77(3):571–82.

40. Putnam SD, Riddle MS, Wierzba TF, Pittner BT, Elyazeed RA. Antimicrobial
susceptibility trends among Escherichia coli and Shigella sp. isolated from
rural Egyptian paediatric populations with diarrhoea between 1995 and
2000. Clin Microbiol Infect. 2004;10:804–10.

41. Ogundipe FO, Bamidele FA, Ashade OO, Kumoye EA, Okejayi IA, Adedeji
OO. Prevalence of antibiotic resistant Escherichia coli in Healthy Male and
Female Students in Yaba College of Technology Lagos Nigeria. J Biol Agric
Healthcare. 2013;3(9):19–23.

42. Oluduro AO, Famurewa O. Antibiotic resistant bacteria in faecal samples of
apparently healthy Individuals in Ado-Ekiti, Nigeria. J Sci Technol. 2007;
27(1):51–60.

43. Albrechtova K, Papousek I, De Nys H, Pauly M, Anoh E, Mossoun A, et al.
Low rates of antimicrobial-resistant Enterobacteriaceae in wildlife in Taï
National Park, Côte d’Ivoire, surrounded by villages with high prevalence of
multiresistant ESBL-producing Escherichia coli in people and domestic
animals. PLoS One. 2014;4:9(12):e113548. doi:10.1371/journal.pone.0113548.
eCollection2014.PubMed.

44. Newman MJ, Seidu A. Carriage of antimicrobial resistant Escherichia coli in
adult intestinal flora. West Afr J Med. 2002;21(1):48–50.

45. Goldberga TL, Gillespiea TR, Rwegod IB, Wheelera E, Estoffa EL, Chapmand
CA. Patterns of gastrointestinal bacterial exchange between chimpanzees
and humans involved in research and tourism in western Uganda. Biol
Conserv. 2007;135:511–7.

46. Nsofor CA, Iroegbu CU. Antibiotic resistance profile of Escherichia coli
isolated from five major geopolitical zones of Nigeria. J Bacteriol Res.
2013;5(3):29–34.

47. Ekwochi U, Chinawa JM, Obi I, Obu HA, Agwu S. Use and/or misuse of
antibiotics in management of diarrhoea among children in Enugu,
Southeast Nigeria. J Trop Pediatr. 2013;59(4):314–6.

48. Lamikanra A, Crowe JL, Lijek RS, Odetoyin BW, Wain J, Aboderin AO, et al.
Rapid Evolution of fluoroquinolone-resistant Escherichia coli in Nigeria is
temporally associated with fluoroquinolone use. BMC Infect Dis. 2011;11:312.
doi:10.1186/1471-2334-11-312.

49. Parry CM, Ho VA, Phuong LT, Bay PV, Lanh MN, Tung LT, et al. A
randomized controlled comparison of ofloxacin, azithromycin and ofloxacin-
azithromycin combination for treatment of multidrug resistant and nalidixic
acid resistant typhoid fever. Antimicrob Agents Chemother. 2007;51:819–25.

50. Khan WA, Seas C, Dhar U, Salam MA, Bennish ML. Treatment of shigellosis:
V. Comparison of azithromycin and ciprofloxacin. A double-blind,
randomized, controlled trial. Ann Int Med. 1997;126:697–703.

51. Wain J, Hoa NTT, Chinh NT, Vinh H, Everett MJ, Diep TS, et al. Quinolone-
resistant Salmonella typhi in Viet Nam: molecular basis of resistance and
clinical response to treatment. Clin Infect Dis. 1997;25:1404–10.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Odetoyin et al. BMC Infectious Diseases  (2016) 16:28 Page 9 of 9

http://dx.doi.org/10.1007/s12275-011-0172
http://dx.doi.org/10.1371/journal.pone.0113548.eCollection2014.PubMed
http://dx.doi.org/10.1371/journal.pone.0113548.eCollection2014.PubMed
http://dx.doi.org/10.1186/1471-2334-11-312

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and sample collection
	Detection and Identification of Escherichia coli strains
	Antimicrobial susceptibility testing
	DNA Extraction
	Screening for Diarrhoeagenic E. coli
	Genetic profiling
	Statistical analysis

	Results
	Subjects and Faecal Escherichia coli isolates
	Diarrhoeagenic Escherichia coli pathotypes
	Recovery of identical pathotypes of DEC from mother and child pairs
	Antimicrobial resistance patterns of diarrhoeagenic Escherichia coli (DEC) isolates and Non Diarrhoeagenic Escherichia coli (non-DEC) from mother and child pairs

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Source(s) of support
	Author details
	References



