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Abstract 

Introduction:  

Diarrheal diseases are a major public health concern globally and the leading cause of 

morbidity and mortality among children in Africa and most other developing countries. 

Children between the ages of five and below are particularly at high risk of diarrheal diseases. 

Rural areas in Nigeria are particularly vulnerable to diarrheal diseases due to poor sanitation, 

unsafe drinking water, poor hygiene practices, and low immunization coverage, among 

others. Given these, the research wishes to isolate and identify common diarrhea-causing 

bacteria from stool samples of patients attending Kashere General Hospital in a rural 

community. 

Material and Methods:  

Stool samples were collected from patients attending the Hospital and subjected to 

microbiological analysis using standard procedures for the identification of the targeted 

bacteria. 

Results:  

The distribution of age groups of samples collected was high (39.9%) for 0–5 years and 6–10 

years (28.6%), across genders, with seven different groups of bacteria identified in male and 

female samples: E. coli sp., Shigella sp., Salmonella Typhi, Salmonella Paratyphi,  Campylobacter 

sp., Vibrios sp., and E. coli O157:H7. While Campylobacter sp. was not isolated from any 

female sample. There was a significant difference in the number of Shigella sp. isolates from 

Samonella Paratyphi and Salmonella Typhi, Vibrio sp., and E. coli. 

Conclusions:  

There is an alarming rate of isolation of Shigella among children under five years of age that 

cuts across genders, and incidence first ever reported prevalence in the study area. This is 

important in terms of a strategic public health approach to address factors supporting the 

infection chain for the transmission of diarrheal pathogens in the area. However, further 

studies may be required to confirm these observations and identify additional risk factors 

associated with bacterial infections in this population. 
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INTRODUCTION 

Diarrheal diseases are a major public health concern globally, and 

the leading cause of morbidity and mortality among children in 

Africa and most other developing countries like Nigeria. According 

to the World Health Organization (WHO), diarrheal diseases are 

estimated to be responsible for approximately 10% of deaths among 

children below the age of five in Africa (Manetu et al., 2021; WHO, 

2017).  
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Children between the ages of five and below are particularly at high 

risk of diarrheal diseases in most low- and middle-income countries, 

for example Nigeria is reported, among the highest rates of diarrheal 

disease among children in the world, with an estimated 150,000 

deaths annually (Udeh et al., 2021; IVAC, 2020; WHO, 2017). This 

high rate of diarrheal disease is primarily due to poor sanitation, 

unsafe drinking water, and poor hygiene practices (Mebrahtom et 

al., 2022; Bolarinwa et al., 2021; WHO, 2022). Rural areas in Nigeria 

are particularly vulnerable to diarrheal diseases due to poor 

sanitation, unsafe drinking water, and poor hygiene practices 

(Ugochukwu et al., 2020; NBS, 2022) 

In many rural areas, people rely on untreated water sources such as 

rivers, streams, and ponds for drinking, cooking, and cleaning 

(UNICEF, 2021). These water sources are often contaminated with 

fecal matter, which can lead to the spread of diarrheal diseases 

(Holcomb et al., 2020). 

Some of the pathogenic bacteria reportedly implicated are Shigella 

sp., Campylobacter sp., Escherichia coli, Vibrio cholerae, 

Clostridium botulinum, and Salmonella sp., (Sanyaolu et al., 2020; 

Ugboko et al., 2020; Kazuhisa et al., 2020). Shigella species and E. 

coli are among the leading causes of diarrheal diseases in Africa, 

particularly in developing countries where sanitation and hygiene 

conditions are poor (Abel et al., 2021; Bilan et al., 2021). Shigella 

species are a group of bacteria that cause shigellosis, an infectious 

disease that is characterized by diarrhea, fever, and abdominal 

cramps (Abel et al., 2021). E. coli, on the other hand, is a type of 

bacteria that can cause a range of illnesses, including diarrhea (Dela 

et al., 2022). The prevalence of Shigella species and E. coli as a cause 

of diarrhea varies across Africa, with some regions reporting higher 

rates of infection than others (Dela et al., 2022; Hussen et al., 2019). 

Regardless of the large burden of diarrheal diseases in Africa, and 

Nigeria in particular due to continuous poor environmental and 

water sanitation, overcrowding, and other socioeconomic 

challenges (NBS, 2022; Ugboko et al., 2020; WHO, 2017) the true 

nature of diarrheal disease is still underreported, and the few reports 

available only report research done on urban populations, whose 

characteristics largely differ from those of the rural population. In 

fact, to our knowledge, from this research, there is no record of ever 

reporting the incidence or prevalence of any diarrhea-causing 

bacteria in the Kashere community and its surroundings. In view of 

these, the research wished to isolate and identify diarrhea-causing 

bacteria from stool samples of patients attending Kashere General 

Hospital, with specific reference to Shigella sp., Vibrio sp., 

Escherichia coli sp., E. coli O157:H7, and Campylobacter sp. This 

would complement the existing epidemiological data, which mostly 

poorly represents the local community, region, and country at large, 

so that the true picture of the disease can be adequately portrayed. 

METHODS AND MATERIALS 

Study site and sampling 

The study was conducted at Kashere General Hospital located in 

Kashere town, the town is situated between latitude 9.91230 or 90 

54’ 44" N and longitude 11.00920 or 110 0' 33" E (Mapcarta. 2023). 

The target for the research was any patient who reported to the 

hospital with diarrhea. Patients, parents, or caregivers are informed 

of the purpose of the research and their consent was sought verbally 

before the samples were collected.  Stool samples were collected 

from the hospital with the help of laboratory technicians and 

transported to the Laboratory of Biological Sciences, Department 

of Federal University, Kashere, through the research focal person 

for analysis. 

Isolation of bacteria 

Isolation and identification of unknown bacterial pathogens was 

conducted using standard bacteriological procedures targeting 

specific bacterial species or strains capable of causing diarrhea in 

humans: Shigella sp., Vibrio sp., Escherichia coli sp., E. coli O157:H7, 

Salmonella Typhi, Salmonella Paratyphi and Campylobacter sp. Growth 

on Sorbitol MacConkey agar (US Biological) supplemented with 

0.5% sodium thioglycolate, cefexim, and potassium telurite (CT-

SMAC) and a latex agglutination test confirmed the identification of 

E. coli O157:H7. Other tests for the isolation and identification of 

Campylobacter include the use of an anaerobic jar supplemented 

with CampyGene (Oxoid), hydrolysis of indoxyl acetate, the 

hippurate hydrolysis test, and antimicrobial susceptibility testing. 

For isolation and identification of Vibrionaceae, thiosulphate citrate 

bile sucrose (TCBS) agar (Merck, Germany) was used, and 

suspected Vibrio colonies were subjected to other biochemical tests 

of salt tolerance, indole test, sugar fermentation, amino acid 

decarboxylation, the string test, and capsule statin (Koneman et al., 

1994; Cheesbrough, 2005; Collee, et al., 2007).  

RESULTS 

The results of the number of bacteria isolated from different age 

groups are presented in the following tables. The distribution of age 

groups of the samples collected was found to be high (39.9%) for 

0–5 years, 6–10 years (28.6%), and 21 years and above (4.2%); 

however, the distribution of age groups according to gender shows 

only a small difference of between 1–3% across age groups, with 

the percentage of males being on the lower side (Table 1). A paired 

t-test revealed the mean gender difference among age groups at p = 

0.05 of the samples collected was (14.8 ± 11.7) for males and (18.8 

± 13.1) for females, t = -5.1, p = 0.007. There was a correlation in 

the distribution of gender of samples collected across age groups of 

0.997, p =.000. 

Table 1: Distribution of gender and age of samples collected from Kashere 

General Hospital 

Age group (years)  Gender Total (%) 

Male (%) Female (%)  

0 -5 30 (40.5) 37(39.4) 67 (39.9) 

6 -10  22 (29.7) 26 (27.7) 48 (28.6) 

11 - 15  15 (20.3) 18 (19.1) 33 (19.6) 

16 - 20  5 (6.8) 8 (8.5) 13 (7.7) 

≥21  2 (2.7) 5 (5.3) 7 (4.2) 

Total 74 (44.0) 94 (55.9) 168 (100) 
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Table 2: Age distribution of bacterial isolated from Male Diarrhea samples collected from Kashere General Hospital 

  No (%) of male samples tested positive for different bacteria from Kashere General Hospital 

Age group (Years) Sampled Shigella sp. Vibrio sp. E. coli  E. coli 

O157:H7 

Campyloba

cter sp. 

Salmonella 

typhi  

Samonella 

paratyphi 

0 -5 30 (40.5) 15 (20.3) 0 (0.0) 22 (29.7) 0 (0.0) 0 (0.0) 12 (15.00) 13 (38.2) 

6-10 22 (29.7) 20 (27.0) 0 (0.0) 19 (35.7) 2 (66.7) 0 (0.0) 0 (0.0) 0 (0.0) 

11 – 15  15 (20.3) 0 (0.00) 2 (2.7) 13 (17.6) 0 (0.0) 0 (0.0) 7 (8.8) 3 (8.8) 

16 – 20 5 (6.8) 3 (4.1) 0 (0.0) 2 (2.7) 0 (0.0) 1 (1.4) 2 (2.5)  0 (0.0) 

>21 2 (2.7) 2 (2.7) 0 (0.0) 2 (2.7) 0 (0.0) 0 (0.0) 2 (2.5)  0 (0.0) 

 74(44.0) 40(54.05) 2(2.70) 58(78.38) 2(2.70) 1(1.35) 23(31.08) 16(21.62)  

Mean Standard Deviation 
8±8.99 0.4±0.8 11.62±9.3 0.4±0.8 0.2±0.5 4.6±4.9 3.2±5.6 

Key: sp = species. 

Seven different species of bacteria were identified from the male 

sample, with E. coli sp. (11.6±9.3), Shigella sp. (8±8.99), 

Salmonella typhi (4.6±4.9), Salmonella paratyphi (3.2±5.6) and 

Campylobacter sp. (0.2±0.5) respectively. Only two isolates of 

Vibrios sp. and E. coli O157:H7 were identified in the sample 

collected between the ages of 6 and 15 years. In general, a high 

number and percentage of occurrences were observed among 

samples collected from children between the ages of 0 and 10 

years, as was observed in the number of samples per age group 

that decreased as the age increased (Table 2).

 

Table 3: Age distribution of bacterial isolated from Female Diarrhea samples collected from Kashere General Hospital 
  No (%) of female samples tested positive for different bacteria from Kashere General Hospital 
Age range (Years) Sampled Shigella sp. Vibrio sp. E. coli  E. coli 

O157:H7 
Campylobact
er sp. 

Salmonella 
Typhi  

Samonella 
Paratyphi 

0 -5 37(39.4) 30 (31.9) 0 (0.0) 10 (10.6) 0 (0.0) 0 (0.0) 25 (31.3) 10 (29.4) 
6 -10  26 (27.7) 22 (23.4) 0 (0.0) 20 (21.3) 1 (33.3) 0 (0.0) 16 (20.0) 8 (23.5) 

11 – 15 18 (19.1) 17 (18.1) 0 (0.0) 1 (1.1) 0 (0.0) 0 (0.0) 5 (6.3)  0 (0.0) 
16 - 20  8 (8.5) 6 (6.4) 0 (0.0) 3 (3.2) 0 (0.0) 0 (0.0) 7 (8.8)  0 (0.0) 

>21 5 (5.3) 5 (5.3) 1 (1.1) 2 (2.1) 0 (0.0) 0 (0.0) 4 (5.0)  0 (0.0) 
 94 (55.9) 80(85.11) 1(1.06) 36(38.29) 1(1.06) 0(0.0) 57(60.63) 18(19.15) 

Mean Standard Deviation 
16.0±10.7 0.2±0.5 7.2±7.9 0.2±0.4 0.0±0.0 11.4±8.9 3.6±4.9 

Key: sp = species. 

 

Similar trends were observed among female samples, where six 
groups of bacteria were identified with Shigella sp. (16.0±10.7), 
Salmonella typhi (11.4±8.9) and E. coli (7.2±7.9) had the highest 
percentage occurrence. Vibrios sp. and E. coli O157:H7 were 
(0.2±0.5) with only one isolate each, also isolated from sample ages 
between 6 and 15 years, while Campylobacter sp. was not identified 
from any of the samples. The overall occurrence of bacterial isolates 
decreases with an increase in the number of ages of samples, with 
the highest number of occurrences occurring between the ages of 0 
and 10 years, as previously observed among male samples (Table 
3).The mean difference of the bacterial species and strains identified 
from the male stool samples collected was conducted using a one-
way analysis of variance, and the results show a significant difference 
at the p 0.05 level for the seven groups [F(2.996, p = 0.022)]. A post 
hoc comparison using (least significant difference) LSD test 

indicated the mean number of Shigella sp. (8.0 ± 8.9) was statistically 
significant for Vibrio sp. (0.4 ± 0.8, p=.043), E. coli. (11.6 ± 9.3, 
p=.043), E. coli O157:H7 (0.4 ± 0.9, p=.038), E. coli. (11.6 ± 9.3) 
was also different from Vibrio sp. (0.4 ± 0.8, p=0.043), E. coli 
O157:H7 (0.4 ± 0.9, p=0.043), Campylobacter sp. (0.2 ± 0.5, p=0.004), 
and Samonella paratyphi (3.2 ± 5.6, p=0.026) (Table 3). Similarly, the 
mean difference of the female number of bacterials identified was 
subjected to one-way analysis of variance, and the results indicate a 
significant difference at the p = 0.05 level for the seven species of 
bacteria [F (4.298, P = 0.006)]. The post hoc test using LSD 
indicates the number of Shigella sp. (16.0 ± 10.7) identified from five 
age groups of female samples was statistically significant from Vibrio 
sp. (0.2 ± 0.4, p = 0.001), E. coli O157:H7 (0.2 ± 0.5, p = 0.001), 
Samonella paratyphi (3.6 ± 4.9, p = 0.009), and Vibrio sp. (0.2 ± 0.4) is 
statistically different from Salmonella typhi (11.4 ± 8.9, p = 0.016). 

The isolation frequency of different bacterial species was higher 

among female samples collected with corresponding relative risks 

for being isolated from females of 94 (RR = 1.27), 80 (RR = 3.08), 

and 58 (RR = 0.35), as the isolation frequency and relative risk for 

gender, Shigella sp., Vibrio sp., and E.coli sp., respectively, 

Salmonella species of Typhi (RR = 1.75), and Paratyphi (RR = 

0.9), were also more common among females than males, as 

shown in the table above. However, Campylobacter was not 

isolated among the female sample (RR = 0.99), while E. coli 

O157:H7 was isolated among both genders (Table 4). 
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Table 4: Kashere General Hospital Gender-wise distribution 

and occurrence of bacterial Isolation Frequency and Relative 

Risk 

Kashere Gender Isolation Frequency Relative risk 

  Positive Negative  

 

Isolates 

Male 74 94 1.27 

Female 94 74  

Shigella sp. Male 40 34 3.08 

Female 80 14  

Vibrio sp. Male 2 72 0.98 

Female 1 93  

E. coli sp. Male 58 16 0.35 

Female 36 58  

E. coli O157:H7 Male 2 72 0.98 

Female 1 93  

Campylobacter sp. 

Salmonella typhi 

 

Male 1 73 0.99 

 

Female 0 94  

Salmonella typhi Male 23 51 1.75 

Female 57 37  

Samonella paratyphi Male 16 58 0.9 

Female 18 76  

In general, among the bacteria isolated from the samples collected, 
Shigella sp. (DR = 71.4 %) had the highest detection rate and odds 
rate (OR = 4.86) of no statistical significance, followed by E. coli sp. 
(56.0 %, OR = 0.171), and Salmonella typhi (DR = 47.6 %, OD = 
3.42). The association of statistical significance between the female 
samples and the detection of E. coli sp. was negative, meaning males 

have a stronger degree of association with the bacteria (OD =.171, 
CLL .086, CLU =.342) and P = 0.000. Other odds ratios that were 
observed with P values less than 0.05 but were not statistically 
significant due to high CLs are shown in Table 5 above, except for 
Campylobacter, where only one isolate was recorded from a male 

sample.

 

Table 5: Association and detection rate of bacteria isolated from diarrhea samples collected from Kashere General Hospital 

Gender Sample 

Number 

(%) 

Frequency (%) of detection of bacteria from Kashere General Hospital 

 

Shigella sp. Vibrio sp. E. coli  E. coli 

O157:H7 

Campylobacter 

sp. 

Salmonella 

typhi  

Samonella 

paratyphi 

Male 74 (44.0) 40 (54.1) 2 (2.7) 58 (78.4) 2 (2.7) 1 (1.4) 23 (31.1) 16 (21.6) 

Female  94 (56.0) 80 (85.1) 1(1.1) 36 (38.3) 1 (1.1) 0 (0.0) 57 (60.6) 18 (19.2) 

         

Detection rate  71.4% 1.8 56.0 1.8 0.6 47.6 20.2 
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Statistics         

p value 0.029 0.000 0.442 0.000 0.442 00 0.000 0.692 

95% CL 

(lower/upper) 

1.049/2.482 2.343/10.069 .034/4.354 .086/.342 .034/4.354 00 1.796/6.498 .403/1.827 

Odd ratio 1.614 4.857 .387 .171 .387 00 3.416 .859 

DISCUSSION 

The results of this study have important public health implications, 

particularly about the detection rate and prevention of bacterial 

infections, especially among children and females as well as in 

providing insight on the high risk of rural population in Gombe 

state to diarrheogenic bacteria. The high number of bacterial isolates 

among children under 10 years old suggests that this age group is 

more susceptible to bacterial infections than older age groups. This 

finding could be attributed to poor environmental sanitation and 

body hygiene status of the people in Kashere which is evident in the 

Multiple Indicator Cluster Survey (MICS) & National Immunization 

Coverage Survey (NICS) Nigeria 2021 (NBS, 2022). This report 

observed serious gaps in meeting environmental sanitation, general 

body hygiene, and provision of portable drinking water as well as 

low socio-economic status that is further compounded by low 

educational attainment in Gombe State rural areas. On the other 

hand, low immunization coverage may have been influence by poor 

demand creation, which is vital in the acceptability and successful 

immunization, not only in in rural area but even in urban centers, as 

well as could be implicated to the high prevalence of these 

pathogenic bacteria. Therefore, awareness creation through 

adequate knowledge base among individuals and communities, the 

advantages, removing vaccine hesitance, understanding the people 

perception, attitudes, and behaviors on demand, and as well as their 

beliefs, all of these border on effective communication strategies, 

which are key to the success of any health program (Bangura et al., 

2020; Oku et al., 2017) need to be intensified in the rural areas to 

increase immunization coverage. 

Similarly, health service providers need to be further educated on 

the importance of breastfeeding to continuously educate nursing 

mothers and care givers at prenatal and during antenatal visits, on 

the need for initiation of early breast feeding and continuation of 

breast feeding as a basis for improving and maintenance of their 

children immune status, to protect them against childhood killer 

diseases (Hernández-Cordero et al., 2020). Therefore, there may be 

a need for targeted public health interventions, such as mop-up or 

supplementary immunization programs and hygiene education, 

aimed at protecting under five children and thus reducing the 

incidence of bacterial infections. 

The higher isolation frequency of Shigella sp., E. coli sp., and 

Salmonella Typhi among female samples indicates that females may 

be at a higher risk of infection with these bacteria than males. This 

finding is supported by previous reports that bacteria have been 

reported to be the main agent causing diarrheal infection in the 

world, with Shigella, Campylobacter, Vibrio cholerae, Salmonella and 

Staphylococcus aureus being the most common among under-five 

(Sanyaolu et al., 2020; Ugboko et al., 2020). The difference in gender 

distribution could be due to differences in behavior or exposure to 

risk factors. Therefore, it may be important to design interventions 

that are tailored to the specific risk factors and behaviors of females, 

to reduce the incidence of these infections.  

Equally important is the environmental sanitation and hygiene 

status, which directly influence the chances of child ingestion of 

contaminated material (food /water/fomites) by fecal matter and 

subsequently lead to gastrointestinal infection, caused by these 

bacteria (Ugboko et al., 2020) and going by the characteristic 

environmental sanitation features of the area of study, a direct 

correlation can be seen that aid the transmission. 

Some of the bacterial identified herein have been implicated as the 

leading cause of moderate to severe acute diarrhea among children, 

for example Shigella, diarrheogenic E. coli and Salmonella, this 

spectrum of bacterial pathogens, although preventable, but poses a 

challenge in most health facilities for the lack of adequate and 

proper diagnosis, especially in rural health centers, where state of 

the art facilities may be lacking or not utilize by the health workers 

[(Dela et al., 2022; Sanyaolu et al., 2020; Mokomane et al., 2018; 

Podewils et al., 2004). 

The absence of Campylobacter sp. and the low rate of isolation of E. 

coli O157:H7 as enterohemorrhagic E. coli, in both male and female 

samples is noteworthy, as these organisms are known to be a 

common cause of bacterial gastroenteritis. The lack of detection 

may be due to the small sample size or differences in the study 

population or the likelihood of regional occurrence. Nonetheless, 

the results suggest that Campylobacter sp. and E. coli O157:H7 may 

not be major contributors to bacterial infections in this population, 

and further studies may be needed to confirm this observation. 

The significant differences observed between the mean of isolates 

for each bacterial species suggest that some species may be more 

prevalent in the population than others. For example, Shigella sp. and 

E. coli sp. were identified as the most prevalent species in both male 

and female samples (Dela et al., 2022; Sanyaolu et al., 2020; 

Mokomane et al., 2018), which suggests that these bacteria may be 

important contributors to diarrheal diseases in this population. 

Worthy of noting is the WHO report of 2005, which shows that 

majority of infections due to Shigella occur in developing countries 

and more than 50% of the cases end up in child death among 

children under five, ironically less than 1% of these infections due 

to Shigella are treated in hospitals (WHO, 2005; WHO, 2017; WHO, 

2022). Going by this report and the isolation rate of Shigella sp., 

shown in this work, it can be declared that there is an outbreak of 

Shigellosis in Kashere. This finding can be used to design targeted 

interventions that focus on reducing the transmission of these 

bacteria.  
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In summary, the results of this study have important public health 

implications, particularly in relation to the detection rate and 

prevention of bacterial infections. The findings suggest that there 

may be differences in the prevalence of bacterial species between 

different age and gender groups, which highlights the need for 

specific targeted interventions to reduce the incidence of diarrhea 

disease caused by bacteria. Further studies may be needed to 

confirm these observations and to identify additional risk factors 

associated with bacterial infections in this population. 
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