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ABSTRACT

Aims: To ascertain the contributions of Escherichia coli to diarrhea among patients with
human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) in a HIV
endemic community.
Study Design: Hospital based cross-sectional study.
Place and Duration of Study: Mkar Christian hospital, Mkar, Gboko local government area
of Benue state, Nigeria between January and June, 2009.
Methodology: Close ended questionnaires were administered and relevant information
such as age, sex, marital status, educational background, occupation and regular intake of
antiretroviral drugs were obtained from HIV/.AIDS patients with diarrhea and non-HIV/AIDS
patients which served as control. Stool samples were collected, stored, transported and
processed using standard procedures of microscopy, culture and sensitivity.
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Results: Bacteria were found to contribute 59.9% (209) of the diarrhoea among HIV/AIDS
patients at Mkar of which E. coli accounted for 111 (43.4%) of the cases and was
significantly higher among HIV/AIDS patients on irregular or absent anti-retroviral treatment
(ART) than those on regular ART, 64.0% (87) versus 36.9% (24) respectively (P< 0.05).
Other bacteria recovered were Salmonella typhi (30.6%) and Shigella dysentheriae/flexneri
(26.0%).
Conclusion: E. coli should be accommodated in symptomatic management of diarrhoea
among HIV/AIDS patients at Mkar while efforts should be made at provision of adequate
antiretroviral drugs for the people while their strict intake and adherence enforced.

Keywords: Acquired immunodeficiency syndrome; diarrhoea; Escherichia coli; human
immunodeficiency virus.

1. INTRODUCTION

Since the discovery of Human Immunodeficiency virus / Acquired immunodeficiency
syndrome (HIV/AIDS) in 1981 in Atlanta USA, and the subsequent identification of the virus
in Nigerians in 1986; the virus has so far claimed over 35 million lives worldwide (Lurie and
Rosenthal, 2010; Onakewhor et al., 2011; Tanser et al., 2010). While the disease appears to
be under control in the western hemisphere, same cannot be said about sub-saharan Africa
specifically and other developing parts of the world (Yakasai et al., 2011; Agbelusi et al.,
2011; Nuwagaba-Birisonwoha et al., 2012). Available statistics show that HIV/AIDS
prevalence still stands at over 20% in some African countries constituting a nucleus of
infection to other parts of the world (Nuwoha et al., 2011; Schull et al., 2011; Desmonde et
al., 2011).

Association of E. coli with diarrhea among individuals with HIV/AIDS has received mixed
reportage in different parts of the world including Nigeria. A collaborative study from Western
Pacific, Southeast Asia and Africa showed varying degrees of significant contributions of E.
coli associated diarrhea and mortalities (Abba et al., 2009). Studies from Mexico, Brazil and
Zimbabwe showed that E. coli contributed significantly to diarrhea associated mortalities in
HIV/AIDS patients (Fang et al., 1995; Amadi et al., 2001; Guerra-Godinez et al., 2003). On
the other hand, findings from USA, Italy and Bangladesh did not show significant association
of E. coli with diarrhea among HIV/AIDS patients (Akhtar and Shaheen, 2007; Assefa et al.,
2009; Matin et al., 2011).

Diarrhoea which is often a common presentation of AIDS among patients in Benue state is
often inadequately managed for lack of competent personnel as well as inadequate
diagnostic facilities (Hilhorst et al., 2006; Olowoseun et al., 2008; Oboh and Tsue, 2010;
BENSACA, 2010). This has perharps led to the assumption that diarrhoea in AIDS patients
is almost inevitably caused by parasites, with the attendant wrong treatments and increased
mortalities (Olusegun et al., 2009; Adesiji et al., 2007). This study was therefore set up to
ascertain the contribution of E. coli and other Enterobacteriaceae to diarhoea among
HIV/AIDS patients at Mkar, a sermi-urban community with high HIV/AIDS prevalence. The
findings would be useful to health personnel as regards choices of drugs for management of
diarrhoea in AIDS especially where facilities and personnel for proper laboratory diagnosis
constitute a major management constraint (Appleton et al., 2009).
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2. MATERIALS AND METHODS

2.1 Setting

The study was hospital based and cross-sectional in nature and was carried out at Mkar, a
sub-urban community in Gboko local government area of Benue state located at about 85
kilometres north east of Makurdi, the state capital. Based on 2006 national population
census the community has a population of 35,000 inhabitants and houses a university, a
mission hospital (NKST-Nongu U Kristu U Ken Sudan hen Tiv Hospital), and other higher
institutions among others (Nigeria Min. of Information, 2006 National Population census).
More than 90% of the inhabitants are subsistent farmers and over 98% of the populace is of
Tiv ethnicity.

2.2 Sampling Procedure

The study was carried out at NKST Hospital Mkar which has a HIV/AIDS treatment centre
which caters for the needs of host community and environs as well as people from other
parts of the state. HIV/AIDS patients with diarrhoea attending the clinic between January and
June 2009 were consecutively recruited into the study. Participation was voluntary,
questionnaires were administered to obtain relevant information such as age, gender,
educational level, occupation, marital status, and presence or otherwise of diarrhoea.
Control subjects were obtained from non-HIV/AIDS in- and out-patients with diarrhoea.

2.3 Sample Collection and Processing

Diarrhoea was defined as passage of loose or watery stool for at least three times in 24
hours (Parry et al., 2004). Stool samples were collected using wide mouthed grease-free
stool containers and were transported in trays within 10 minutes of collection to the
laboratory sited about 30 metres away. Where delays of more than 30 minutes were
envisaged before processing, samples were stored at 4ºC. Saline and iodine wet
preparations, modified Ziehl-Neelsen staining procedure, and microscopy were carried out
using standard procedures (Mkhize-Kwitshana et al., 2011). Concentration of stool was
carried out using fomol-ether concentration technique (Mkhize-Kwitshana et al., 2011).
Culture was carried out on MacConkey agar, Deoxycholate citrate agar and Cysteine
Lactose electrolyte efficient (CLED) media and incubated at 36.5ºC over night. Biochemical
tests such as oxidase test, indole test, motility test, citrate, urease and sugar fermentation
were carried out using standard procedures (Appleton et al., 2009). Antimicrobial
susceptibility test was carried out on nutrient agar medium using modified disk diffusion
method with appropriate McFarland’s ratio of turbidity (Appleton et al., 2009). Control stool
samples were obtained from willing subjects who presented to the hospital during the study
period who tested non-reactive to HIV infections. Control samples were collected,
transported, stored and processed using the same procedure as that of the test samples
(Mkhize-Kwitshana et al., 2011; Appleton et al., 2009).

2.4 Ethical Considerations

Ethical approval for the study was obtained from the management of the Mkar Christian
hospital, voluntary consent of the subjects was obtained while patients confidentiality was
ensured throughout the study.
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2.5 Data Management and Analysis

Data obtained was analysed using simple descriptive methods of arithmetic sum, mean,
mode and standard deviation. Epi Info 6 statistical software was also used to compare
differences at 95% confidence intervals where applicable.

3. RESULTS

A total of 366 HIV/AIDS patients with diarrhoea were assessed during the study period
comprising 168(46.0%) males and 198 (54.0%) females. The age range of the subjects was
17 and 66 years with a mean age of 34 years (±2 SD), median age of 31 and, bimodal ages
of 27 and 33 years (Table 1).

Table 1. Age* and gender** distribution of HIV/AIDS patients with diarrhoea at Mkar,
north central Nigeria

Age Interval (Years) Male (%) Female (%) Total (%)
≤20 11 (3.00) 21 (5.70) 32 (8.70)
21-30 32 (8.70) 49 (13.40) 81 (22.10)
31-40 86 (16.70) 63 (17.20) 124 (33.90)
41-50 38 (10.40) 30 (8.20) 68 (18.60)
51-60 20 (5.50) 24 (6.50) 44 (12.00)
≥61 6 (1.70) 11 (3.00) 17 (4.70)
Total 168 (46.00) 198 (54.00) 366 (100)

*X2(Yates Corrected) = 0.23, df =5, p= 0.68
*X2(Yates Corrected) = 0.71, df =1, p= 0.91

A review of micro-organisms recovered from stool samples of HIV/AIDS patients with
diarrhoea showed that 201 (54.8%) of them were associated with bacteria compared to the
15.0% (15) among the non-AIDS patients with significant difference (P < 0.05). Also 38.5%
(141) of the stool samples from HIV/AIDS patients had protozoa as compared to the low
14.0% (14) from the non-AIDS patients, this difference is also statistically significant (P <
0.05). There was no significant difference in the rate of helminthic infections among the two
groups (P > 0.05). The number of stool samples without any pathogenic microorganism
among the non-AIDS patients was significantly higher than that of the HIV/AIDS patients,
54.0% (54) versus 7 (1.9%) respectively (P < 0.05) (Fig. 1).
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Bacteriaa Protozoab Helminthsc NILd

Micro-organisms recovered from stool samples

Fig. 1. Spatial grouping of Micro-organisms recovered from stool samples of HIV/AIDS
patients with diarrhea at Mkar, north central Nigeria

Key:

a   X2 (Mantel-Haenszel)= 16.68, df=1, P < 0.0001
b  X2 (Mantel-Haenszel)= 8.54, df= 1, P< 0.05
c  X2 (Mantel-Haenszel)= 3.71, df=1, P > 0.05
d  X2 (Mantel-Haenszel)= 39.19, df= 1, P < 0.0001

Analysis of the association of the type of microorganism with diarrhea among the patients
showed that 52.1% (187) and 19.6% (9) were associated with diarrhea among the HIV/AIDS
and non-AIDS respectively with statistically significant difference (P < 0.05). The rates of
parasitic infections only among the non-AIDS patients on the other hand were significantly
higher than that among the HIV/AIDS patients, 58.7% (27) versus 32.0% (115), (P < 0.05).
There was no significant difference in rate of bacteria and parasites co-infections among the
two groups (P > 0.05) (Fig. 2).

Diarrhoeal patients with HIV/AIDS (n=429)

Diarrhoeal patients without HIV/AIDS (n=100)
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Bacteria onlya Parasites onlyb Parasites and Bacteriac

Rates of Microbial infections

Fig. 2. Association of micro-organisms with diarrhea among patients with HIV/AIDS in
relation to those without HIV/AIDS at Mkar, north-central Nigeria

a   X2 (Mantel-Haenszel)= 10.57, df=1, P < 0.01
b  X2 (Mantel-Haenszel)= 5.53, df= 1, P < 0.05
c  X2 (Mantel-Haenszel)= 0.57, df= 1, P > 0.05

A comparison of the bacterial species from stool samples of HIV/AIDS patients with diarrhea
as compared to the non-AIDS patients showed that E. coli was significantly higher among
the HIV/AIDS patients compared to their non-AIDS counterpart, 48.4% (111) versus 6.7%
(1), (P < 0.05). The rate of Shigellae infections among the non-AIDS patients on the other
hand was significantly higher among the non-AIDS patients compared to the HIV/AIDS
individuals, 80.0% (12) versus 26.0% (67), (P < 0.05). There was no significant difference in
rates of isolation of Salmonellae species compared to the other bacteria among the two
study groups (P > 0.05) (Fig. 3).

Diarrhoeal patients with HIV/AIDS (n=359)

Diarrhoeal patients without HIV/AIDS (n= 46)
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Escherichia colia Shigella dysentheriae/flexnerib Salmonella typhic
Bacteria from stool samples

Fig. 3. Bacteria species recovered from stool samples of HIV/AIDS patients with
diarrhoea in relation to patients without HIV/AIDS at Mkar, north-central, Nigeria

Key:

a  X2 (Mantel-Haenszel)= 24.51, df= 1, P < 0.0001
b  X2 (Yates Corrected)= 17.52, df= 1, P < 0.00001
c  X2 (Mantel-Haenszel)= 5.54, df= 1, P > 0.05

Among the 366 HIV/AIDS patients studied, 65 (17.8%) were found to be on regular anti-
retroviral treatment (ART) while 301 (82.2%) were either on irregular or absent medications.
E. coli was recovered from 64.0% (87) of the stool samples of persons on nil or irregular
ART compared to 36.9% (24) from those on regular ART. This difference is statistically
significant (P < 0.05) (Fig. 4).
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Irregular or No ART                           Regular ART
Status of ART intake

Fig. 4. Isolation of E. coli from HIV/AIDS patient with diarrhea in relation to intake of
ART

Key:

ART= Anti-retroviral treatment
X2 (Yates Corrected) = 5.27, OR= 1.05-3.00, RR= 1.05-2.07, df= 1, P < 0.05

The most active antibiotics against the bacterial isolates were ciprofloxacin, ofloxacin,
ceftriaxone, amikacin, and clavulanic acid/amoxicillin combination (57.0%-98.0%) while
tetracycline, ampicillin, co-trimoxazole, erythromycin and chloramphenicol were the least (<
35.0%)

4. DISCUSSION

The study was set up to ascertain the contribution of E. coli to diarrhoea among HIV/AIDS
patients. Bacteria were found to contribute 59.9% (209) of the diarrhoea among HIV/AIDS
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patients at Mkar of which E. coli accounted for 111 (43.3%) of the cases and was
significantly higher than in the control population (5.0%, 5 out of 100) (P< 0.01). Other
bacteria recovered were S. dysentheriae/flexneri (30.6%) and S. typhi (26.0%).

Findings from the present study probably present the existing regional and geographic
variations in stool bacteriology among symptomatic HIV carriers with diarrhoea. The present
findings deviate from available literature in which protozoa and helminthes are mostly
reported to be responsible for diarrhoea in this group of patients (Mkhize-Kwitshana et al.,
2011; Appleton et al., 2009; Mariam et al., 2008). The non-availability and irregular intake of
antiretroviral drugs among the respondents which was placed at 93.3% may also have
contributed to this microbial picture (Udeh et al., 2008; Adams et al., 2006; Carcamo et al.,
2005).

The findings from the present study have also been documented in Central African Republic
where E. coli contributed to 30% of the diarrhoea in HIV/AIDS patients, 29.5% in South
Africa, and 19.0%-42.0% in Lima, Peru (Okeke, 2009; Samie et al., 2007; Medina et al.,
2010; Garcia et al., 2010). Provision of potent antiretroviral drugs to the people as well as
ensuring strict adherence could eliminate the role of non-specific diarrhoea including E. coli
to diarrhoea among the patients. Also symptomatic management of diarrhoea among
HIV/AIDS patients in the community in the absence of appropriate laboratory reports should
make provision for the likelihood of E. coli as a causative agent.

The availability of antiretroviral drugs as well as documented evidence of 90 to 98%
(average 95%) adherence among studied populations in Venezuela37, Kuwait38, Japan39,
and Nicaragua40 may have on the contrary contributed to the near absence of E. coli as a
sole causative agent of diarrhea among the HIV/AIDS patients (Hannaoui et al., 2010; Albert
et al., 2009; Fujihera et al., 2009; Vilchez et al., 2009). This stresses the need for urgent
provision of adequate antiretroviral drugs for the residents of Mkar community and proper
control of the disease through education and counseling.

The present study is limited by the fact that not all culture media suitable for potential
organisms such as fastidious bacteria and viruses were included. Also no characterization or
toxin screening of E. coli was conducted to determine their pathogenicity. The research
findings therefore should be viewed in the context of these limitations as they have the
potential of contributing to the over-representation of E. coli in the studied diarrhoeal stools.

5. CONCLUSION

The present study has shown that E. coli contributes significantly to diarrhoea among
HIV/AIDS patients at Mkar and should be considered at symptomatic management of the
patients in the community. Also antiretroviral drugs should be made readily available to the
people in the community in order to limit the contribution of E. coli to the morbidity of
HIV/AIDS patients.
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