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Abstract: With the emergence of HIV, an entirely new spectrum of gastroenteritis caused by previously
unrecognized organisms is increasingly observed to be apparent. The implication of E. coli O157 and non-O157
serogroups and their antibiotic resistance pattern in HIV-infected patients with diarrhoea in Maiduguri, Nigeria
was studied. METHOD: One hundred and fifteen patients with symptoms of diarrhoea referred to
Microbiology/Immunology laboratory from the out-patient clinics of University of Maiduguri Teaching
Hospital were screened for HIV-1 antibody. Stool samples obtained were tested by standard microbiological
methods. RESULTS: Of the 115 patients tested, 53 were HIV-positive of which 3(5.7%) had enteropathic E.
coli serogroups in stool, comprising E. coli O157 (2; 3.8%) and O26 (1; 1.9%). None of the 59 HIV-
seronegative control subjects tested harboured any of the enteropathic E. coli serogroups. The two E. coli O157
isolates were serologically detected using monospecific O157 antisera and O157 latex agglutination tests and
produced verotoxin-1 (VT1) as detected by Enzyme-Linked Immunosorbent Assay (sELISA). Vero cell culture
of the strains and multiplex Polymerase Chain Reaction (mPCR) showed neither cytopathic effect nor genetic
markers respectively. However, trimethoprim-sulphamethoxazole and tetracycline resistance were observed
among the isolates with minimum inhibitory concentrations greater than 50 ug/ml. In conclusion, Pathogenic
E. coli serogroups could play a very important role as opportunistic infectious agent in the management of HIV-
infected persons with gastroenteritis and should not be overlooked when isolated from stool of HIV-infected
patients with episode of diarrhoea. 
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INTRODUCTION

HIV-infected persons have been reported to be
increasingly vulnerable to common enteric pathogens[1] as
well as other opportunistic infections[2]. Several enteric
pathogens have been associated with gastroenteritis in
HIV-infected patients. These include Salmonella spp.,
Shigella spp., Campylobacter spp., Aeromonas
hydrophilia, enterotoxigenic E. coli (ETEC),
enterohaemorrhagic E.  coli  (EHEC),  enteropathogenic
E. coli (EPEC), enteroaggregative E. coli (EAEC) and
enteroinvasive E. coli (EIEC), Vibrio spp. and
Clostridium difficile[2]. Salmonella spp., Shigella spp. and

Campylobacter spp. may disseminate and cause serious
widespread infection as demonstrated by previous
reports[3]. Enteroaggregative E. coli probably causes
chronic diarrhea in HIV-infected patients but the sequelae
of ETEC, EPEC and EIEC infection are not well
described[4]. Cattle, sheep and other ruminants are
considered major reservoirs of EHEC, EPEC and other
enterovirulent E. coli strains[5]. Recent reports have
emphasized that contamination of food and water with
faeces of these animals poses a zoonotic risk for
humans[6]. 

Patients with Immunosuppressive disorders such as
HIV infection have been reported to be increasingly
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infected with previously unrecognized organisms
including Cryptosporidium spp., Microsporidium spp.,
Isospora belli, enterovirulent E. coli strains etc. which
produce intractable, high-volume, watery diarrhoea and
have also proved extremely difficult to treat[2,7]. In many
instances, as opportunistic infections, they may play a
vital role in the final well being of the HIV-infected
patient. 

In Maiduguri and other parts of Northern Nigeria,
prolonged animal contact, contamination of the
environment with animal faeces, as well as consumption
of unpasteurized milk and dairy products is common.
Infection with E. coli entero-pathogens, most especially
E. coli O157 and non-157 serotypes, may pose serious
gastrointestinal and systemic problems to HIV-infected
patients. This study reports the prevalence of some major
diarrhoeagenic E. coli serogroups and antibiotic resistance
patterns in HIV infected patients with diarrhoea in
Maiduguri, Nigeria.

MATERIAL AND METHODS

Study Population: One hundred and fifteen patients who
attended the outpatient clinics of University of Maiduguri
Teaching Hospital (UMTH), Maiduguri, Nigeria and were
referred to Immunology laboratory for HIV antibody test
constituted the study population. Those found to be HIV-
seropositive (n=53) and with diarrhoea were included in
the study after their consent had been obtained. Ethical
clearance for the study was obtained from the Research
and Ethics committee of the hospital. Parental consents
were obtained on behalf of children. Age, sex and clinical
history of illness were obtained from patients’ records.
Fifty-nine (Age and sex-matched) HIV seronegative
persons with diarrhoea were used as control. The study
was carried out between August and October, 2003.

HIV antibody test: Five milliliters of venous blood was
collected from the study subjects following informed
consent. Blood samples were allowed to clot and then
centrifuged at 1000 xg for 5 minutes. Serum was collected
using sterile Pasteur pipettes and stored at –20 °C. 

HIV antibody screening test was performed with
GENESCREN® PLUS HIV Ag-Ab sandwich enzyme-
linked immunosorbent assay (ELISA) kit (Biorad, France)
according to the manufacturer’s manual. Confirmation of
ELISA positive samples was carried out using
Immunocomb II HIV 1 & 2 CombFirm® kit (Orgenics,
Israel).

Interpretation  of   HIV   confirmatory   test  result:
The sole appearance of the internal control indicated that
the  corresponding specimen was negative for antibodies

to HIV-1 or HIV-2 while confirmed HIV positive tests
were recorded as presence of at least one core protein and
at least 2 glycoproteins (gp) based on World Health
Organization criteria[8].

Media,  cultivation  and  identification  of  E.  coli:
Stool specimens were processed within 2 hours of
collection and inoculated onto Eosin Methelyne Blue
(EMB), MacConkey (Mac) and Sorbitol MacConkey
(SMac) agars and incubated at 37oC for 24hr for isolation
of E. coli. Biochemical tests were performed on
presumptive  E. coli colonies as described by Cowan[9].
All confirmed E. coli isolates were subcultured onto
Mueller-Hinton agar slants and stored at room
temperature in the dark.

Serotyping of isolates: E. coli strains isolated from stool
samples were serotyped as described by Ørskov and
Ørskov[10]. Slide agglutination test was performed on
selected 5-10 single colonies on nutrient agar medium
using monospecific E. coli O157, O118, O111 and O26
antisera (obtained from the Department of Agriculture and
Veterinary Services of the Queen’s University of Belfast,
Northern Ireland) absorbed against majority of cross-
reacting O-antigens (about 70 O-types).

Tests for E. coli pathogenic factors: Tests carried out to
detect presence of phenotypic and virulence factors from
the isolates include:

C Sandwich enzyme-linked immunosorbent assay
(sELISA) test for the detection of verocytotoxins
using purified monoclonal antibody (by limited
cloning) viz: MAb 7A6, 2F3 and 4D11 for the
respective E. coli O157, O26 and O111 strains as
described by Ball et al[11].

C E. coli O157 latex agglutination test [Unipath
(Oxoid); Pro-Lab Diagnostics, Round Rock, Tex.,
USA] for the detection of E. coli O157 antigen as
described by March and Ratnam[12]. 

C Verotoxin (VT) latex agglutination test (Oxoid,
USA), performed as described by the manufacturers.

C Vero cell cytotoxicity assay, carried out as described
by Ball et al[11].

C Test for alpha- and enterohaemolysin production,
carried out using 5% washed and unwashed sheep
blood agar as described by Bettelheim[13]. 

C Test for virulence (genetic) markers using multiplex
polymerase chain reaction (mPCR), according to the
protocol followed by the Enteric Diseases Unit of the
NICD, NHLS, South Africa, using published primer
sequences for various E. coli categories including
ETEC, EPEC, EHEC, EIEC and EAEC. Table1 lists
the primer sequences used in this study[14-19].
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Table 1: Multiplex PCR primers of respective E. coli category used for the detection of some pathogenic virulence markers for the E. coli isolates
Category Factor PCR oligonucleotides Reference
ETEC ST 5' TCTGTATTATCTTTCCCCTC 3' 14

----------------------------------------------------------------------------------------------------------
5' ATAACATCCAGCACAGGC 3'

---------------------------------------------------------------------------------------------------------------------------------------------------
LT 5' GGCGACAGATTATACCGTGC 3' 14

----------------------------------------------------------------------------------------------------------
5' CCGAATTCTGTTATATATGTC 3'

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EPEC bfp 5' AATGGTGCTGCGCTTGCTGC 3' 15

----------------------------------------------------------------------------------------------------------
5' GCCGCTTTATCCAACCTGGTA 3'

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EHEC eaeA 5' GACCCGGCACAAGCATAAGC 3' 16

----------------------------------------------------------------------------------------------------------
5' CCACCTGCAGCAACAAGAGG 3'

---------------------------------------------------------------------------------------------------------------------------------------------------
hlyA 5' GCATCATCAAGCGTACGTTCC 3' 16

----------------------------------------------------------------------------------------------------------
5' AATGAGCCAAGCTGGTTAAGCT 3'

---------------------------------------------------------------------------------------------------------------------------------------------------
stx1 5' ACACTGGATGATCTCAGTGG 3' 17

----------------------------------------------------------------------------------------------------------
5' CTGAATCCCCCTCCATTATG 3'

---------------------------------------------------------------------------------------------------------------------------------------------------
stx2 5' CCATGACAACGGACAGCAGTT 3' 17

----------------------------------------------------------------------------------------------------------
5' CCTGTCAACTGAGCACTTTG 3'

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EIEC ipaH 5' GTTCCTTGACCGCCTTTCCGATACCGTC 3' 18

----------------------------------------------------------------------------------------------------------
5' GCCGGTCAGCCACCCTCTGAGAGTAC 3'

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EAEC pCVD 5' CTGGCGAAAGACTGTATCAT 3' 19

----------------------------------------------------------------------------------------------------------
5' CAATGTATAGAAATCCGCTGTT 3'

ST= heat stable toxin stx1=shiga toxin 1
LT=heat labile toxin stx2=shiga toxin 2
bfp=bundle forming pili ipaH=invasion plasmid
eaeA=E. coli adhering-and effacing gene A pCVD=EAEC adhesion
hlyA=E. coli haemolysin A

Antibiotic susceptibility Assay: Minimum inhibitory
concentration  (MIC)  test was carried out using the
micro-dilution technique as described by Egwu et al[20].
Antibiotics tested include: ampicillin, trimethoprim-
sulphamethoxazole, ciprofloxacin, gentamycin,
chloramphenicol and tetracycline. The lowest dilution of
the antimicrobial agent along a row, which inhibited a
50% colour change (red to partial yellow), i.e., when the
metabolic change was fully expressed (yellowish) in the
test system of the microtitre plate, was recorded as the
MIC.

RESULTS AND DISCUSSIONS

Three (5.7%) E. coli enteropathogens of the
serogroups O157, 2(3.8%) and O26, 1(1.9%) were
isolated from the 53 HIV-1 infected patients examined,
while none of the pathogenic E. coli serogroups was
isolated  among  the  59  HIV-seronegative controls

(Table 2). Two strains of E. coli O157 (YC114 and YL8
strains) were isolated from HIV-infected children with
diarrhoea aged 2 and 14 years respectively. Another
diarrhoeagenic E. coli strain of the serogroup O26 (St793
strain) was also isolated from a 54-year old diarrhoeic
HIV-infected patient. The two E. coli O157 (YC114 and
YL8) strains were VT MAb sELISA and latex O157
antigen positive and also exhibited enterohaemolysin
production, whereas the E. coli O26 (St793) isolate
produced enterohaemolysin (ehly) only (Table 3). No
virulence  (genetic) marker was detected among the E.
coli serogroups using multiplex PCR and the consensus
primers shown in Table 1.

With the emergence of HIV, an entirely new
spectrum of gastroenteritis caused by previously
unrecognized organisms is increasingly observed to be
apparent. This study detected E. coli O157 and O26
serogroups from both diarrhoeic HIV-1 infected children
and   adults    in    Maiduguri,    Nigeria.   These  findings
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Table 2: Age-specific prevalence of E. coli serogroups isolated from diarrhoeic stools of  HIV-infected and non-infected patients.
Age group (year)/ Total E. coli
HIV status         No. tested E. coli strain(%) E. coli O157(%) E. coli O118(%) E. coli O111(%) E. coli O26(%) serogrp(%)
0-4 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 11 6(54.5) 1*(9.1) 0 0 0 1(9.1)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 13 5(38.5) 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14-May
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 7 4(57.1) 1*(14.3) 0 0 0 1(14.3)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 9 3(33.3) 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15-24
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 9 3 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 8 3 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25-39
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 11 5 0 0 0 0 0
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 13 7 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
>=40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 15 7 0 0 0 1* (6.7) 1(6.7)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 16 9 0 0 0 0 0
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a=HIV+ve 53 25(47.2) 2(3.8) 0 0 1(1.9) 3(5.7)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b=HIV-ve 59 27(45.8) 0 0 0 0 0
*Serogroup produced enterohaemolysin (ehly)

Table 3: Three E. coli strains isolated from diarrhoeic HIV positive patients with their pathogenic markers and serogroups.
                                                       Pathogenic factors 
E. coli E. coli           --------------------------------------------------------------- ------------------------------------------------------
Strain serogroup sELISA O157 latex Verocell Toxin,latex Haemolysin
YL8 O157 + + - - ehly
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
YC114 O157 + + - - ehly
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
St793 O26 - NT - - ehly
MULTIPLEX PCR:
E. coli
Groups: EHEC ETEC EIEC EPEC EaggEC
Factors: Stx1 Stx2 hlyA eaeA LT/ST ipaH bfp pCVD
E. coli
Strains
YL8 - - - - - - - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
YC114 - - - - - - - -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
St793 - - - - - - - -
NT= Not tested
ehly = enterohaemolysin 

corroborate with previous reports that incriminated
enteropathic E. coli serogroups in HIV-associated
diarrhoea[2,4].

The E. coli O157 strains detected in this study were
unable to ferment sorbitol, typical of most EHEC
O157:H7 serotypes. In addition, they possessed

pathogenic markers such as enterohaemolysin,
verocytotoxin and O157 lipopolyssacharide (LPS)
specific antigen. Although virulence genes were not
detected among these E. coli strains, possibly as a result
of loss of virulence genes in vitro during several sub-
cultivation  of  the  isolates[21],  they  exhibit  potential  to
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cause serious gastrointestinal and systemic problems in
HIV-AIDS patients as suggested by Gaudio et al[22]. This
is further supported by findings from animal experimental
studies (on rabbits and kids) in our laboratory, where
diarrhoea and pathological lesions were observed post
infection with similar E. coli strains[23]. The production of
haemolysin by these strains is an additional important
pathogenic marker that has been associated with bloody
diarrhoea[24]. 

EHEC O157 and non-O157 serotypes, including
atypical EPEC strains, have been reported as emerging
infectious agents in both sporadic and large outbreaks of
gastroenteritis[24,25]. EHEC O157 and non-O157 have been
implicated in life- threatening diseases such as
haemorrhagic colitis (HC), haemolytic uraemic syndrome
(HUS) and thrombotic thrombocytopenic purpura (TTP)
especially in children and the elderly[26]. Common sources
of infection that have been reported include undercooked
beef, raw milk, dairy products, contaminated water,
unhygienic living conditions, etc.[21]. In most parts of
Northern Nigeria, some of the food delicacies consumed
are of animal origin. For example, raw (un-pasteurized)
cow milk locally called “nono”, local yogurt (kindirmo),
local raw milk butter (man-shanu) and roasted beef locally
called “suya”. Persons with advanced HIV disease or low
immunity that consume any of these foods that are
contaminated with E. coli O157 or non-O157 organisms
may stand the risk of developing serious diarrhoea,
haemorrhagic colitis and/or haemolytic uraemic syndrome
that are usually associated with these E. coli
serogroups[26]. The isolation of E. coli O157 and O26
serogroups from a 2 year old and a 54 year old (both HIV-
infected), in this study shows that infection with these
pathogenic strains could lead to life threatening
consequences, especially at the extremes of age. 

Further investigations indicated that some of these
isolates are resistant to commonly used (and inexpensive)
antibiotics in cases of diarrhoea such as trimethoprim-
sulphamethoxazole and tetracycline having MIC values
above 50 µg/ml[23]. This development could complicate
symptomatic management of HIV-infected patients with
gastroenteritis. 

In conclusion, gastroenteritis caused by E. coli O157
and non-O157 strains could play a very important role as
opportunistic  infectious  agent in the management of
HIV-infected persons with gastroenteritis and should not
be overlooked when isolated from stool of HIV-infected
patients with episode of diarrhoea. However, there is need
for a further study using a large sample size to support the
findings observed in this study.
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