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ABSTRACT 
 
Diarrhoeal diseases constitute one of the most important causes of illness and death all over the 
world. In Nigeria, the epidemiology of diarrhoeagenic bacteria and the virulence of the various E. coli 
pathotypes have not been well studied. This study aimed to survey the prevalence of 
enteropathogenic Escherichia coli from children less than 5 years with diarrhoea in Yola metropolis in 
Adamawa State. A total of 200 stool samples were collected from children attending Health Facilities 
in Yola from May – December 2014. The samples collected comprised of 150 from patients with 
diarrhoea and 50 from patients without diarrhoea as control subjects. The samples were screened 
and examined for the prevalence of some organisms that could cause diarrhoea. The study shows 
that the prevalence of diarrhoea caused by bacteria is 21% and implicated E. coli with the highest 
prevalence of 10.5% followed by Salmonella species 5%, Shigella species 4%, and Vibrio cholera 
1.5%.  Most of these pathogens were isolated in female 11% as compared to males 10%, but the 
difference was not statistically significant. The isolated E. coli were found to be resistant to 
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nitrofurantoin, ceftriaxone, gentamicin, augmentin, chloramphenicol, and ampicillin. E. coli strains 
were characterised by serotyping and genotyping to detect virulence genes (eaeA and bfpA). Only 
one of the isolates tested positive for eae A gene. These research findings show that, though there 
are a number of causative bacterial agents of diarrhoeal diseases. E. coli remains one of the 
primary cause’s. Salmonella and Shigella were found important bacterial pathogens among 
paediatric patient in the selected health facilities in Yola. Improving the sanitary awareness through 
primary health education, careful surveillance, monitoring incidence and spread of diarrhoeal 
diseases, may help to reduce the disease burden in children.  
 

 
Keywords: EPEC; serotyping; genotyping; pathotypes and E. coli. 
 
1. INTRODUCTION 
 
The microorganism Bacterium coli commune was 
discovered in 1885 by a German Pediatrician, 
Theodor Escherich during his work on bacteria in 
stools of infants with enteritis [1]. The bacterium 
has been recognised as an essential cause of 
food and water-related diseases since its 
discovery and is now known as Escherichia coli 
(E. coli). This bacterium belongs to the coliform 
group of microorganisms, which are a standard 
part of the standard facultative anaerobic 
microflora of the intestinal tracts of most 
mammals, including humans. This flagellated  
gut flora is mainly found in the colon [2]. 
Escherichia coli belongs to the genus 
Escherichia which in turn is part of the tribe 
Escherichia belonging to the family 
Enterobacteriaceae. The genus Escherichia 
contains four other species namely E. hermanii, 
E. fergusonii, E. vulneris, and E. blattae. 
Escherichia blattae were isolated from 
cockroaches, whereas E. hermanii, E. fergusonii, 
and E. vulneris were isolated from both intestinal 
and extra-intestinal human sources [2].  
 

As a commensal, E. coli can be found in 
intestinal microflora of a variety of animals 
including humans. Not all the strains are 
harmless, and some can cause debilitating and 
sometimes fatal diseases in humans as well as 
mammals and birds [3]. Pathogenic strains are 
divided into intestinal pathogens causing 
diarrhoea also known as diarrhoeagenic E. coli 
(DEC) and extraintestinal E. coli (ExPEC) 
causing a variety of infections in both humans 
and animals including urinary tract infections 
(UTI), meningitis and septicemia [4]. Among the 
intestinal pathogens there are six well-described 
categories/pathotypes which are 
enteropathogenic E. coli (EPEC), 
enterohaemorrhagic E. coli (EHEC), 
enterotoxigenic E. coli (ETEC), 
enteroaggregative E. coli (EAEC), enteroinvasive 

E. coli (EIEC) and diffusely adherent E. coli 
(DAEC) [5].  
 
EPEC was the first pathotype of E. coli to be 
described which causes either watery or bloody 
diarrhoea [6]. Large outbreaks of infant diarrhoea 
in the United Kingdom led Bray (1945) to 
describe a group of serologically distinct E. coli 
strains that were isolated from children with 
diarrhoea but not from healthy children. EPEC 
strains are defined by the characteristic attaching 
and effacing effect that they elicit on interaction 
with epithelial cells and by the fact that they do 
not produce Shiga toxins [7]. EPEC infections 
are acquired primarily through ingestion of 
contaminated food or water [8]. Person-to-person 
and animal-to-human transmission is through the 
oral-faecal route [9]. Infections caused by EPEC 
are difficult to differentiate from those with other 
causes; symptoms include watery diarrhoea 
sometimes accompanied by low-grade fever and 
vomiting [10]. 

 
1. However, EPEC infection may be severe; 

vomiting may make oral rehydration 
severe, and life-threatening dehydration 
may ensue. Furthermore, a disease 
caused by EPEC may be protracted, 
resulting in weight loss, malnutrition, and 
death [11].  The primary objective of this 
study is to identify virulence factor in EPEC 
isolates 

 
2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The study was conducted from April-December 
2014 in Yola, which is the capital city of 
Adamawa State, Nigeria. Located on the Benue 
River, it has a total population of 395,871 
inhabitants comprising of 208,193 males and 
187,678 females [12].   
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Fig. 1. The map of Adamawa state, Nigeria 
 

2.2 Study Population 
 

A total of 200 stool samples were collected from 
infant and young children under 5 years 
attending the Emergency Paediatric Unit and Out 
Patient Department of 2 hospitals (Federal 
Medical Centre, Yola and Specialist                
Hospital, Yola) and 2 clinics (Valli and Triump 
Clinic, Yola). 
 

One hundred and fifty (150) samples were 
collected from infants with diarrhoea and fifty (50) 
as control samples were collected from infants 
without diarrhoea. Diarrhoea was characterised 
by the occurrence of three or more loose, liquid 
or watery stools or at least one bloody loose 
stool in 24 hours period. Control subjects were 
children with other infection and no history of 
diarrhoea for at least 2 weeks and had not taken 
antibiotics for 2 weeks.  
 

2.3 Study Size 
 

A sample size of two hundred (200) was used 
based on the formula by Daniel [13] shown below 
for determining an adequate sample size to 
estimate the population prevalence with a good 
precision 
  

n = Z2P (1 – P) 
              d

2 

 

Where n = required sample size, Z is the 
confidence level at 95 % (standard value 1.96), P 
= 15% expected prevalence obtained from a 

recent study in Maiduguri [14] and d= show the 
margin of error at 5% (standard value 0.05). 
  
2.4 Ethical Clearance 
 

Ethical approval for the study was obtained from 
Adamawa State Ministry of Health, Yola. 
Informed consent was obtained from the patient, 
hospital authorities, and clinicians involved in the 
management of the patients. A designed 
questionnaire was used to obtained information 
from parents.  
 

2.5 Sample Collection 
 

Samples were collected as a stool or rectal 
swab. Stool samples were collected from 
patients in clear, transparent, sterilized wide-
mouthed bottle. In the case of the rectal swab, a 
cotton swab was inserted into the rectum, rotated 
gently, and removed.  
 

The highest number of samples (68) was 
collected from Triumph Clinic, Yola. Federal 
Medical Center, Yola has the least number of 
samples collected with 27 diarrhoeagenic 
samples and 10 control samples. The details of 
samples collected from the various 
hospitals/clinics are shown in Table 1.  
 
Samples collected were categorised into age 
groups from 0 to 60 months of which the 
youngest child was 1 month, and the oldest was 
59 months. Most of the samples were collected 
from Age group 0 – 12 months while the least 
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number of samples were collected from age 
group 37 – 48 months.    
 
2.5.1 Processing of Samples 
 
The samples were processed according to the 
guidelines provided by Cheesbrough [15] for the 
laboratory diagnosis of enteric pathogens. These 
included: macroscopy, microscopy, culture, 
biochemical testing and antimicrobial sensitivity 
testing.   
 
2.5.2 Macroscopy 
 
The samples were observed for colour, 
consistency, the presence of blood, mucus or 
pus and presence of the worm. 
 
2.6 Identification of Parasites 

(Microscopy) 
 
Identification of parasites was carried out 
according to Cheesbrough [15].  
 
2.6.1 Culture 
 
Samples collected were inoculated onto 
MacConkey agar, Salmonella-Shigella agar and 
peptone water and Thiosulphate Citrate Bile Salt 
Sucrose (TCBS) agar incubated at 37oC for 24 
hours [15]. After 24 hours, the plates were 
observed for growth (Appendix i)  
 
2.6.2 Biochemical Testing 
 
All lactose fermenting colonies on MacConkey 
plate was subjected to the following biochemical 
test: Gram staining, oxidase test, Simmon’s 
citrate utilization, methyl red test, Voges 
Proskauer test, lysine decarboxylation, 
H2S/indole production, phenylalanine 
decarboxylation, urea hydrolysis, Kligler iron agar 
test and motility test [15].  
 

 2.6.3 Serotyping 
 
The E. coli isolates were subjected to slide 
agglutination test with sera against 12 classical 
serogroups of EPEC which are O26, O55, O86, 
O111, O114, O119, O125, O126, O127, O128, 
O142 and 158. Eight vials of Polyvalent antisera 
each containing a mixture of different monovalent 
antisera was used according to the instructions 
of the manufacturer (Denka Seiken Ltd., Tokyo, 
Japan). Polyvalent 1-3 contained the 12 
serogroups of EPEC. The bacterial culture was 
suspended in 3 ml physiological saline and 
heated to 100°C for 1 hour. It was then 
centrifuged at 900 g for 20 minutes and the 
supernatant was discarded.  
 
The precipitate was suspended in 0.5 ml 
physiological saline which was then used as the 
antigenic mixture. A drop of the antigenic mixture 
was then mixed with 1 drop of the specific O 
polyvalent antisera on a glass slide for 1 min and 
observed for agglutination. A drop each of the O 
polyvalent with physiological saline was used as 
a control. Strong agglutination observed within 1 
minute was regarded as positive  [16-17].  
 

2.6.3 Genotyping (Detection of Virulence 
Genes) 

 
The Enteropathogenic E. coli strains were 
confirmed using Polymerase Chain Reaction 
(PCR) by the detection of virulence genes (eaeA 
and bfpA) known to cause infantile diarrhoea. 
The detection of these virulence genes 
categorized EPEC strains into typical EPEC that 
possesses both the eaeA and bfpA and atypical 
EPEC that possesses only the eaeA. 
 

2.6.4 DNA Extraction  
 
DNA extraction was done according to the 
protocol of DNAlab (2015).  
 

Table 1. Number and percentage of samples collected from each hospital 
 

Hospitals                                  Diarrhea            Controls           Total              Percentage 

Specialist Hospital, Jimeta        31                       12                      43                   21.5  
Triumph Clinic, Jimeta               53                      15                      68                   34  
Federal Medical Centre Yola     27                      10                      37                   18.5  
Valla Clinic, Yola                       39                       13                      52                   26  
Total                                          150                     50                      200                 100 
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Table 2 PCR of selected genes of EPEC 
 

Category  Target    Sequence (5´–3´)                      Annealing temp. (°C)  No. of cycles  Fragment size (bp)   Reference       
EPEC         eaeA F, CATTATGGAACGGCAGAGGT   55 (1 min)                     35                    790                             Beaudry et al. (1996) 
                   R, ATCTTCTGCGTACTGCGTTCA 
EPEC         bfpAF, AATGGTGCTTGCGCTTGCTGC   60 (1 min)                     30                    326                             Gunzburg et al. (1995) 
                   R, GCCGCTTTATCCAACCTGGTA 
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2.6.5 Polymerase Chain Reaction 
 
The primers for the virulence genes shown in 
Table 2 were diluted based on manufacturer’s 
instruction. PCR was performed using PCR 
PreMix and a 20 µl reaction mixture containing 
dH2O 16 µl, Primer 2 µl, and template 2 µl was 
added. Amplification reactions were performed in 
a thermal cycler and for all amplification 
reactions; the mixture was heated at 94oC for 5 
min prior to thermocycling. The mixture was held 
at 57oC for 7 min after the final cycle before 
cooling at 4

o
C.  

 
2.6.6 Agarose Gel Electrophoresis  
 

Amplified products were analysed by using                   
2% agarose gel electrophoresis and                
visualized by staining with ethidium bromide 
(Appendix ii).  
 
2.6.7 Antimicrobial Susceptibility Testing 
 
Antimicrobial susceptibility testing was carried 
out according to CLSI (2014). 

 
3. RESULTS 
 

3.1 Macroscopy 
 
The appearance of the stool samples collected 
varies from child to child depending on the case 
(Table 3). Most stool samples collected from 
children with diarrhoea were watery compared to 
control samples which have more of loose 
samples. 4 samples had blood in them and 10 
samples had mucous. No cases of worm were 
seen in the stool. 3 cases had Rice water stools 
with mucous flake.   
 

3.2 Identification of Parasites 
(Microscopy) 

 
Out of the 200 stool samples examined, 12 (6%) 
had intestinal parasites detected in them. A total 
of four parasite species were observed from the 
diarrhoea stool samples as shown in Table 4. 
Mixed infection was not observed. Gardia lambia 
was the most predominant (2.5%) out of the 6%, 
followed by Entamoeba histolytica (2%).   
 

3.3 Isolation of Bacteria (Culture) 
 

Different bacteria were isolated from stools of 
children with diarrhoea and from control samples. 
Pathogenic bacteria were isolated from 33 
samples (22%) with diarrhea, 9 samples (18%) of 

control samples. Other bacteria not concerned 
with this study were isolated from 64 stool 
samples. No growth was observed in 94 
samples. The number of bacteria isolated from 
stool samples is shown in Table 5. Age group 13 
– 24 months had the highest percentage, (25%), 
while age group 37 – 48 month has the least 
percentage of samples which is 13.64%. Table 6 
shows the number of bacterial isolates based on 
gender. 20.41% of the male samples had 
bacterial isolates while 21.57% of female 
samples had bacterial isolates. 
 
3.4 Biochemical Test  
 
  The bacterial isolates were identified using 
biochemical test and a total of 21 samples were 
suspected to be E. coli which had the highest 
number of occurrence followed by Salmonella 
spp. with 10 isolates. Other organisms identified 
were Shigella spp. which has 8 isolates and 
Vibrio cholerae which has 3 isolates (Table 7).  
 

3.5 Serotyping 
 

A total of 21 isolates comprising of 18 
diarrhoeagenic and 3 control samples identified 
as E. coli by biochemical test were serotyped 
using 8 vials of polyvalent antisera labelled as 
polyvalent 1-8. Isolates positive for polyvalent 1, 
polyvalent 2 and polyvalent 3 are suspected to 
belong to EPEC serogroup. 2 isolates were 
positive for Polyvalent 1 while 3 isolates were 
positive for Polyvalent 2 making a total of 5 
isolates which were suspected to belong to the 
EPEC serogroup as shown in Table 8. The 
details of these 5 isolates are in shown in Table 
9. Seven isolates were not positive for any of the 
polyvalent.  
 

3.6 Genotyping 
 

A total of 5 isolates which reacted positively for 
polyvalent 1 and 2 suspected to belong to EPEC 
serogroup were genotyped to detect for virulence 
genes eaeA and bfpA. Only 1 isolate (labeled 2) 
obtained from a male with watery diarrhoeagenic 
samples was detected positive for the eaeA but 
negative for bfpA gene as shown in plate1. The 
positive sample has a DNA fragment of 790bp 
and belongs to the atypical EPEC since it is 
negative for bfpA gene.   
 

3.7 Antimicrobial Susceptibility Testing  
 

A total of 21 E. coli isolates were tested for 
antimicrobial sensitivity pattern shown in Table 
10. Eighteen (85.7%) of the 21 E. coli isolates 
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tested were susceptible to cefuroxime, 17 (81%) 
to gentamycin, 16 (76.2) to amoxicillin-
clavulanate, 15 (71.4%) to ciprofloxacin, 11 
(52.3%) to ceftazidime and 10 (47.6%) to 
ofloxacin. A total 14 (66.7%) isolates were found 
to be resistance to amoxicillin, 11 (52.4%) were 
resistant to ofloxacin and 9 (42.9%) were 
resistant to ceftazidime. A Multi-resistance was 
observed in 8 (38.1%) isolates. 

 

4. DISCUSSIONS 
 
Diarrhea due to bacterial infections is an 
important cause of morbidity and mortality in 
infants and young children in most developing 
countries including Nigeria [18] but the incidence 
and severity may vary depending on the location 
and time [19].  

Table 3. Macroscopic appearance of stool samples 
 

Colour            Diarrhoeagenic     Control             Consistency       Diarrhoeagenic    Control        
                        samples                samples                                        samples                samples  

Brownish         5                            18                       Formed                15                          23               
Yellowish        39                           16                        Semi-Formed      36                         12 
Greenish         47                           11                      Unformed              40                         15                      
Black               9                             3                        Watery                  45                          0 
Pale                 0                             2                        Bloody                   4                           0 
                                                                                 Mucus                    7                           0 
                                                                                 Rice Watery           3                           0 
Total                 150                       50                                                      150                       50  

 
Table 4. Percentage of occurrence of intestinal parasites 

 

 Parasites                                                           No. seen                                    Percentage (%) 

 Entamoeba histolytica                                        4                                                 2 
 Strongyloides stercoralis                                    1                                                 0.5  
 Ascaris lumbricoides                                          2                                                 1 
 Gardia lamblia                                                    5                                                 2.5 
  Total                                                                  12                                               6  

  
Table 5. Distribution of bacterial isolates based on age groups 

 

Age group          Diarrheagenic sample              Control samples                  Total samples                  
(Months)             No.             No of                      No.            No of                No.           No of      
                            Cultured    bacteria                  cultured    bacteria           cultured   bacteria 
                                               Isolated (%)                             Isolated (%)                      Isolated (%) 

0 -12                     48             9 (6.00%)                12             2 (4.00%)           60            11(5.50%)   
13- 24                   34            10 (6.67%)                6              0 (0.00%)           40            10 (5.00%)      
25- 36                   32              7 (4.67%)                8              2 (4.00%)           40             9 (4.50%)           
37-48                    12              2 (1.33%)                10             1 (2.00%)          22             3 (1.50%)            
49-60                    24              5 (3.33%)                14             4 (8.00%)          38             9 (4.50%)            
Total                    150            33 (22 %)                  50             9 (18%)            200           42 (21%)   

 
Table 6. Distribution of bacterial isolates according to gender 

 

Sex            No.                 Bacterial Isolates       Percentage (%)            Chi Square       P value 
                  cultured  

Male          98                    20                                20.41                             0.026                 0.871 
Female      102                  22                                21.57 
Total           200                 42                                21 

 
During the study period, more cases of diarrhoea 
were recorded in the two private clinics, namely 

Truimph and Valli clinic, than the two 
Government-owned hospitals (Specialist and 
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Federal Medical Center). This may be as a result 
of the strike action by medical officers in 
government-owned hospital during the study 
period which resulted in people going to the only 
available option which is the private hospitals.  
Age group 0 – 12 months has the highest 
number of samples collected which is 60 (30%) 
while age group 37 – 48 has the least number 
collected 22 (11%). However, the statistical 
association was observed (X2 = 1.056 p<0.05) 
between age group and the presence of the 
bacterial isolates with age group 13 - 24 months 
having the highest occurrence of bacterial 
isolates as 25% and the least is age group 37 – 
48 which has 13.6%. This follows the same trend 
with a study done in Abuja by Ifeanyi et al. [20] 
which shows that diarrhea is statistically 
associated with age and majority of the cases 
occurring in children between 7 months and 2 
years of age. The reason for high incidence of 
bacteria isolates in age group 7 – 24 months 
could be due to the fact that children within this 
age group on their own cannot differentiate 
between what to eat and what not to eat; they 
have not learnt the rudiment of adherence to 
aseptic or hygienic practice; they can barely 
express themselves. Most diarrhoea occur        
during the first 2 years of life due to                 
combined effects of declining levels of maternally 
acquired antibodies, the lack of active                   
immunity in the infant, the introduction of food 
that may be contaminated with faecal                
bacteria and direct contact with human or 
animals faeces when the infant start to grow. 
Most enteric pathogens stimulate at least               
partial immunity against repeated infection or 
illness, which helps to explain the declining 
incidence of disease in older children and adults 
[21]. 

 
The age range 37-59 months had the                     
lowest frequency of bacterial isolates in this 
study. 

 
This is probably because of fewer tendencies to 
put contaminated objects into the mouth-a finding 
similar to that of Oni et al. [22]. Only 7% of the 
samples were infected with more than one 
pathogen. The physical appearance of the 
sample is very important when categorizing 
diarrhoea.   

 
However, the appearance must be differentiated 
from a normal liquid sample from exclusively 
breastfed infants who may pass several soft, 
semi-liquid stools each day.  Most bacterial 
pathogen where isolated from the watery and 

loose sample than form formed and semi formed 
stool samples. 

 
In this study, the occurrence of bacterial 
aetiology of diarrhoea was 21% which followed 
the same trend as research done in Enugu and 
Onitsha [23]. The result was low compared to 
report in Kano State which was found to be 
40.67% [24] and in Kaduna 44% [25]. E. coli had 
the highest prevalence rate of 10.5%, followed by 
Salmonella species, 5%, Shigella species, 4%, 
and Vibrio cholera, 1.5%. Majority of the previous 
studies found in literature in most countries also 
implicated E. coli as the predominant bacterial 
agent on diarrhoeal diseases [26-27]. Several 
studies in Nigeria have reported the prevalence 
of E. coli ranging from 7.5 – 15.5%. An exception 
to this report, however, was obtained by some 
workers in Saudi Arabia, who reported that 
Shigella had the highest incidence among other 
bacterial pathogens causing diarrhoea disease in 
the country [27]. These finding shows that, 
though there are a number of bacterial causative 
agents of diarrhoeal diseases but E. coli still 
remain one of the major causes.  
 

No organism was isolated in 94 (47%) of the 
children this may be due to the fact that the study 
did not investigate all possible disease causing 
agents. Intestinal pathogens were isolated from 
12 (6%) of the children. Gardia lambia was the 
most predominant (2.5%) out of the 6%, followed 
by Entamoeba histolytica (2%). These are risk 
factors for opportunistic infection in children. 
Most of these children whom samples were 
collected are female that is 102 (51%), compared 
to 98 (49%) who were male. Most of these 
pathogens were isolated in females 22 (11%) as 
compared to males 20 (10%) but the difference 
was not statistically significant (X

2
 = 0.026 p < 

0.05). This is in contrast to the work of Abdullahi 
et al. [28] where they reported that male children 
were more infected (22.33%) than                         
female children (18.33%), although the difference 
was not statistically significant (X

2
 = 0.531, 

p>0.05).  
 

This categorization is necessary as different 
sample appearance is associated with different 
causative agents. Due to indiscriminate use of 
antibiotics by unqualified personnel and 
laypersons, resistance to an antibiotic is now 
common both in a healthy person and unhealthy 
person [29].  
 

Resistance transfer in EPEC is often plasmid 
mediated. The antibiotic susceptibility testing 
from several studies conducted showed a high 
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level of resistant to most of the commonly used 
antibiotics. Ampicillin and Septrin are widely used 
to treat diarrhea because of their low cost and 
ready availability [30]. In this study, the 
Antimicrobial susceptibility pattern showed that 
E. coli isolates were most resistant to ampicillin, 
ofloxacin and ceftazidime. A similar study in Iran 
[31] showed high resistant of E. coli to ampicillin. 
The isolates were, however, susceptible to 
cefuroxime, gentamycin, ciprofloxacin and 
amoxicillin/clavulanate indicating that they are 
the effective antimicrobials against E. coli 
isolates. EPEC are among the most important 
pathogens infecting children less than 2 years of 
age in the developing world, but the prevalence 
may vary depending on differences in study 
population, age group, diagnostic criteria and 
diagnostic tools used [32]. Over the last several 
decades, the significance of EPEC infection has 
declined in published literature. The decline 
might be due to interventions, particularly 
breastfeeding promotion, or to the overestimation 
of these organisms in earlier studies that used O- 
or O:H typing compared to the recent ones, in 
which molecular methods and/or adherence 
assays were used for EPEC diagnosis [33-34].  
The prevalence rate of enteropathogenic E. coli 
was 0.5% which is lower compared to other 
studies in Nigeria and outside the country. Bukar 
et al. [35] reported 15% in Maiduguri,  Adebola et 
al. [36] 15% in Abuja, Ome and Nonye [37] 
19.5% in Aba respectively. Iman et al. [38] 
reported 7.5% in Cairo and Addy et al. [39] 
14.8% in Kumasi.  The confirmed EPEC was 
obtained from a diarrheagenic sample of a one-
year male child. The EPEC isolate had the 
virulent gene of eaeA which indicated that the E. 
coli detected belongs to the atypical EPEC 
(aEPEC). Typical EPEC (tEPEC) isolate was not 
identified in this study.     

 
Many studies have found a significant 
association of EPEC with infant diarrhea 

compared to control samples [40-42]. Healthy 
carriage of enteric pathogens, in general, is very 
common in developing countries. Colonization 
rather than illness may result from an interplay of 
multiple factors including host susceptibility 
(related to the child's age, breastfeeding, 
nutritional and immunological status), bacterial 
factors (different virulence genes), and 
environmental factors (poor hygiene and high 
fecal contamination) [43]. 

 
Table 7. Bacterial Isolates in Stool Samples 

 
Isolates No. of samples positive 
Shigella spp. 8  
Salmonella spp. 10 
Escherichia coli 21 
Vibrio cholerae 3 
Total 42   

 
The pathogenic potential of EPEC has long been 
controversial. However, epidemiological studies 
clearly have demonstrated that aEPEC is 
important in endemic diarrhea in children as well 
as diarrhea outbreaks [44-45]. Recent data 
suggest that aEPEC are more prevalent than 
tEPEC in both developing and developed 
countries [46-48]. Case-control studies from 
many countries have shown that EPEC primarily 
causes disease in children less than two years of 
age [49-50]. The correlation between EPEC 
infection and diarrhoea has been shown to be 
strongest for infants < 6 months old, while EPEC 
is frequently present without causing symptoms 
among children older than 6 months to 2 years 
[51].  Atypical EPEC has been implicated as the 
causative agent in some outbreaks [52-53], 
whereas in other studies atypical EPEC has not 
been recovered more frequently from diarrhoeal 
cases than from controls (54). In some studies, 
the rate of isolation of atypical EPEC from 
children without diarrhoea was twice that of 
cases with diarrhea [55-56]. 

 
Table 8. Positive samples for EPEC serogroup 

 

Polyvalent Antisera     Mixture of monovalent antisera                          No. Positive  % Positive                                                                            

Polyvalent 1                   O1, O26, O86a, O111, O119, O127a, O128          2                    15.4   
Polyvalent 2                   O44, O55, O125, O126, O146, 166                        3                    23 
Polyvalent 3                   O18, O114, O142, O151, O157, O158                   1                    7.7   
Polyvalent 4                   O6, O27, O78, O148, O159, O168                          2                   15.4                     
Polyvalent 5                   O20, O25, O63, O153, O167                                   1                    7.7                                  
Polyvalent 6                   O8, O15, O115, O169                                              1                    7.7                                  
Polyvalent 7                   O28ac, O112ac, O124, O136, O144                        2                   15.4                                   
Polyvalent 8                   O29, O143, O152, O164                                          1                    7.7 
Total                                                                                                                13                
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Table 9. Antibiotics susceptibility pattern of isolated Escherichia coli 
 

Antibiotics                              Disk                             Susceptible                     Resistant                   

                                                Conc. (µg)                  No             %                 No               %  

Ampicillin                                 10                               7                33.3             14                 66.7 
Ciprofloxacin                            5                                 15              71.4              6                 28.6 
Ofloxacin                                  5                                 10              47.6             11                52.4 
Ceftazidime                              30                               11              52.3             9                  42.9 
Gentamycin                              10                               17              81                3                  14.3 
Cefuroxime                               30                               18              85.7             2                  9.5 
Amoxicillin/clavulanate             30                               16              76.2             5                  23.8                              

 
Table 10: Details of isolates suspected to belong to the EPEC Serogroup  

 
Samples               Sex                     Age                        Appearance              Sample source         
code     
2                            M                       1 years                    Watery stool               Diarrheagenic    
85                          F                        2 years                    Loose stool                 Diarrheagenic 
124                        F                        8 months                 Semi formed               Control 
128                        F                        3 years                    Loose stool                 Diarrheagenic 
173                        F                        14 months               Watery stool               Diarrheagenic 

             
There have also been reports of atypical EPEC 
associated with both endemic diarrhea [57-58] 
and outbreaks [59-60].   

 
5. CONCLUSION 

 
The finding shows that, though there are a 
number of causative bacterial agents of 
diarrhoeal diseases, E. coli remains one of the 
major causes with Salmonella and Shigella being 
important bacterial pathogens among pediatric 
patient in the selected study hospitals in Yola. 
EPEC strains are not a common cause of 
diarrhoea in children with diarrhoea in Yola. 
Atypical EPEC is more prevalent compared to 
the typical EPEC which was not isolated in the 
study. Detection of the eaeA and bfpA genes is a 
useful method for the identification of and 
differentiation between typical and atypical 
EPECstrains. 
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Appendix i 
 

Pink Colonies on MacConkey Agar Indicating Lactose Fermentation 
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Appendix ii 
 

 
 

Plate 1. Agarose gelelectrophoresisshowing the band positive for eaeA gene at 
790bp fragment size 
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