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Abstract
Background: The frequent occurrence of bacteria-associated diarrhea together with increased antimicrobial resistance 
poses a significant public health challenge worldwide.
Objectives: The aim of this study was to assess the prevalence, antimicrobial susceptibility pattern, and associated factors 
of Salmonella and Shigella among patients with diarrhea at public health facilities in Adama, Ethiopia.
Methods: A cross-sectional study was conducted among 232 patients with diarrhea at public health facilities in Adama, 
Ethiopia, from February 2017 to March 2017. Data were collected using a structured questionnaire. Stool samples were 
examined for Salmonella and Shigella species using the culture and serological methods. Descriptive statistics were used to 
summarize the findings. Logistic regression models were used to assess the association of independent variables with the 
outcome. A p-value ⩽ 0.05 was considered to be statistically significant.
Results: The prevalence of Salmonella and Shigella-associated acute diarrhea was 18.1%. The most common isolates were Shigella 
dysenteriae (23.8%) and Salmonella typhi (21.4%). S. dysenteriae was 80% resistant to both chloramphenicol and tetracycline.  
S. typhi was 66.7% resistant to ampicillin, ciprofloxacin, and tetracycline. Those patients aged 11–20 years (adjusted odds 
ratio: 4.61, 95% confidence interval: 2.48, 7.34), who feed raw vegetables (adjusted odds ratio: 3.67, 95% confidence interval: 
1.32, 8.59), and who did not wash hands with soap before a meal (adjusted odds ratio: 2.68, 95% confidence interval: 1.96, 
7.48) and after using the toilet (adjusted odds ratio: 3.25, 95% confidence interval: 1.43, 7.36) had higher odds of acute 
bacterial diarrhea.
Conclusion: S. dysenteriae and S. typhi were the major causes of acute diarrhea. Most of the isolates showed 
resistance to ampicillin, ciprofloxacin, and tetracycline. Patients aged 11–20 years, who feed raw vegetables, and who 
did not wash hands with soap before the meal and after using the toilet had higher odds of acute bacterial diarrhea. 
Continuous surveillance and the implementation of infection prevention strategies are needed to mitigate acute 
bacterial diarrhea.
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Introduction

Diarrheal diseases are one of the leading causes of deaths 
worldwide, with an estimated 1.4 million deaths in 2010.1 
The morbidity and mortality are high in developing countries 
where living standards, access to safe and adequate clean 
water supply, and proper sewage disposal system are often 
limited.2,3 Diarrhea is defined as the passage of three or more 
loose or watery stools in the 24-h period within the 2-week 
period.4 Its epidemiology is aggravated by the lack of access 
to clean and safe drinking water, poor sanitary disposal of 
human waste, lack of washing hands, poor housing condi-
tions, cohabitation with domestic animals, and lack of access 
to adequate and affordable health care.5,6

Potential enteric bacterial pathogens that cause life-
threatening diarrheal diseases across the world include 
Salmonella species, Shigella spp., Campylobacter spp., 
Vibrio cholerae, Escherichia coli, Yersinia enterocolitica, 
and to less extent Aeromonas spp.7,8 Of these, Salmonella 
and Shigella spp. continue to be the major cause of acute 
diarrhea in resource-limited countries,2,7 thus presenting a 
serious challenge to health authorities.

Salmonella affects only human and causes typhoidal  
salmonellosis (caused by Salmonella typhi and salmonella 
paratyphi) and non-typhoidal salmonellosis (all Salmonella 
serovars). Salmonellosis is characterized by diarrhea, fever, 
vomiting, and abdominal cramps after 12–72 h of infection.9 
The infection can be more serious for the sick, infants, and 
elders.10,11 Shigella spp. (S. flexneri, S. dysenteriae, S. son-
nei, and S. boydii) cause an infection known as shigellosis or 
bacillary dysentery. Approximately 10–100 Shigella organ-
isms are enough to initiate the infection.12 S. dysenteriae 
serotype 1 that releases a shiga toxin and AB exotoxin is par-
ticularly virulent, causing endemic and epidemic bacterial 
dysentery with high death rates.9

The increase in drug resistance in Salmonella and Shigella 
spp. is a global challenge.12–14 The problem is exacerbated in 
developing countries, where the use of an antimicrobial in 
humans and animals is largely unrestricted,15,16 and the treat-
ment is solely based on clinical findings due to the lack of 
laboratory facilities.17 Most resistance to commonly used 
antimicrobial drugs is associated with self-replicating R 
plasmid.18 The resistant genes can be transferred from resist-
ant to sensitive bacteria. A transfer occurs in the intestine of 
persons treated with oral antimicrobials due to selection 
pressure provided by the drug.15 The relative incidence of 
resistance and the serotypes in which it occurs differs from 
country to country.15,19 A study conducted in Butajira, 
Ethiopia, revealed higher resistance of Salmonella spp. to 
ampicillin and tetracycline while Shigella spp. to tetracy-
cline and co-trimoxazole.20

There are pocket studies on diarrhea from different 
regions of Ethiopia. However, most of them were restricted 
either to clinical data, specific age group, or common bacte-
rial strains with or without associated factors and antimicro-
bial sensitivity tests.6,20–22 This study investigated the 

prevalence, antimicrobial susceptibility pattern, and associ-
ated factors of Salmonella and Shigella among patients with 
diarrhea at public health facilities in Adama, Ethiopia.

Methods

Study settings, design, and period

The facility-based cross-sectional study was conducted at 
public health facilities in Adama, Ethiopia, from February 
2017 to March 2017. Adama, which is found at 99 km south-
east of Addis Ababa, Ethiopia, has 10 public health facilities. 
Approximately 5000 patients with diarrhea visited these 
health facilities every year.23

Study population and exclusion criteria

Patients who reported three or more diarrhea episodes within 
the last 24 h were enrolled in the study. Newborn, inpatients 
and those who had persistence diarrhea and taken antimicro-
bial treatment 2 weeks prior to and at the time of data collec-
tion were excluded from the study.

Sample size and sampling technique

The sample size was calculated using a single population 
proportion formula considering the prevalence of 17.4% 
culture-confirmed bacteria-associated diarrhea,20 95% confi-
dence interval (CI), and a 5% margin of error. After adding 
10% non-response rate, the final sample size was 243. Out of 
the total (10) public health facilities, six (Adama Hospital 
Medical College (AHMC), Adama Health Center (AHC), 
Biftu Health Center (BHC), Denbela Health Center (DHC), 
Hawas Health Center (HHC), and San Francisco Health 
Center (SHC)) were selected using a simple random sam-
pling technique (lottery method). Proportional allocation of 
the sample size was made for each health facility based on 
their average size of patients with diarrhea (Figure 1). The 

Figure 1.  Schematic presentation of sample size allocation.
N: total number of patients with diarrhea at selected public health facili-
ties; n: sample size.
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study participants were enrolled consecutively until the 
intended sample size fulfilled.

Data collection and laboratory procedures

Data were collected using a pre-tested structured 
questionnaire adapted from the World Health Organization 
(WHO) core questions and different kinds of literature that 
were designed to explore factors related to diarrhea.6,19,24,25 
The adapted questionnaire was contextualized to the local 
situation and to the study objectives. The questionnaire 
comprised sociodemographic characteristics (such as sex, 
age, residence, level of education, and occupational status) 
and associated risk factors (feeding of raw/uncooked food, 
washing hands before the meal and after using the toilet, 
the frequency of washing hands, contact with domestic 
animals among other related factors). Participants were 
instructed to collect ~1 g of fresh stool (or 1 mL if loose) in 
a sterile screw-capped tube containing 9 mL buffered 
peptone water (Oxoid, Basingstoke, England). The stool 
specimens were transported in cold box to the Oromia 
Public Health Research, Capacity Building and Quality 
Assurance Laboratory, Adama, Ethiopia for further 
processing and microbiological analysis.

In the laboratory, the isolation and characterization of 
Salmonella and Shigella spp. were done using differential 
and selective culture media (Oxoid, Basingstoke, England) 
as described by Cheesbrough.9 After overnight incubation in 
peptone water at 37°C, 1 mL of the sample was transferred 
into 9 mL Selenite F broth (Oxoid, Ltd, UK) and incubated at 
37°C for 24 h. A loopful of culture from Selenite F broth 
showing growth was subcultured onto MacConkey agar 
(MAC), deoxycholate citrate agar (DCA), xylose lysine 
deoxycholate agar (XLD) and incubated at 37°C for 24 h. 
The growth of Salmonella and Shigella spp. was detected by 
their characteristic appearance on MAC (Salmonella and 
Shigella: colorless and transparent), XLD (Salmonella red 
with a black center, Shigella: red colonies), and DCA 
(Salmonella black center pale colonies, Shigella: pale colo-
nies). Presumptive colonies were further investigated bio-
chemically using Gram’s reactions, lactose, mannitol, lysine 
decarboxylase, indole, urea, triple sugar iron agar, oxidase, 
β-galactosidase, Simmons citrate agar, and motility test.9,26 
Confirmation of Salmonella and Shigella spp. was done by a 
slide agglutination test using polyvalent O antigen grouping 
sera, followed in some cases by testing with monovalent 
antisera for specific serotyping (Denka Seiken Co., Ltd., 
Tokyo, Japan) as described.27

Antimicrobial susceptibility testing

Each isolated strain was tested in vitro for antimicrobial sus-
ceptibility according to a modified Kirby Bauer disk diffusion 
method as described by the Clinical and Laboratory Standards 
Institute (CLSI).28 The commonly prescribed antimicrobials 

such as ampicillin (10 µg), amoxicillin/clavulanate (20/10 µg), 
cefoxitin (30 µg), ciprofloxacin (5 µg), chloramphenicol 
(30 µg), tetracycline (30 µg), and nalidixic acid (30 µg) (Oxoid, 
Ltd., UK) were used to screen the susceptibility of the isolates. 
Three to five pure colonies of bacteria were picked and sus-
pended in sterile normal saline (0.85% NaCl) until the suspen-
sion became equivalent to 0.5 McFarland turbidity standard. A 
bacterial suspension was placed at the center of Mueller 
Hinton agar plate (Oxoid, Ltd., UK) supplemented with 5% 
sheep blood and evenly spread using a sterile cotton-tipped 
applicator. After drying for 3–5 min, antimicrobial disks were 
placed and incubated aerobically at 37°C. After overnight 
incubation, the diameter of the zone of inhibition was meas-
ured using a digital caliper and interpreted as sensitive (S), 
intermediate (I), or resistance (R) based on the CLSI interpre-
tive criteria.28

Operational definitions

Acute bacterial diarrhea is defined as the passage of three 
or more loose or watery stools in a 24-h period before the 
study and the isolation of at least one Salmonella or 
Shigella spp.

Antimicrobial resistance is the complete insensitivity of 
the isolates for which they are sensitive before.28

Data quality control

The questionnaire was initially prepared in English and 
translated into local languages (Afaan Oromo and Amharic) 
by language experts and back to English by other language 
experts to check its consistency. The questionnaire was pre-
tested on 5% of the patients with diarrhea at Bishoftu Referral 
Hospital, Ethiopia, to check its practicability and applicabil-
ity. Some questions were modified based on the feedback. 
Data collectors were trained for 5 days on the method of data 
collection, culture, and characterization of the isolates. 
Standard operating procedures and manufacturer’s instruc-
tions were strictly followed. Close supervision was under-
taken by the professional nurse and medical microbiologist. 
Hand washing facility was facilitated during sample collec-
tion to prevent cross-contamination. Each sample was safely 
stored and transported at recommended conditions. The ste-
rility of newly opened culture media was checked before use 
by incubating at 37°C for 24 h. American Type Culture 
Collection (ATCC) reference strains such as E. coli (ATCC® 
25922), S. flexneri (ATCC® 25931), Staphylococcus aureus 
(ATCC® 25923), and S. typhimurium (ATCC® 13311) were 
used to test the performance of each culture medium and 
antimicrobial disks before use.

Data analysis

Data were checked for completeness, coded, and entered into 
the EpiData software (version 3.1, EpiData Association, 
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Odense, Denmark), cleaned, and exported to the Statistical 
Package for Social Sciences software version 25.0 (SPSS, 
IL, USA) for analysis. Data were summarized using descrip-
tive statistics (frequency, percentage, mean, and standard 
deviation). Bivariate and multivariate logistic regression 
analyses were performed to identify factors associated with 
the outcome variable. Variables with a p-value of <0.25 in 
the bivariate analysis were considered in the multivariate 
logistic regression model. A variable with a p-value ⩽ 0.05 at 
95% CI in multivariate logistic regression was considered to 
be statistically significant.

Results

Participant characteristics

Of the total (243), 232 patients with diarrhea were enrolled 
in this study, making a response rate of 95.5%. The majority 
of them were females (57.3%). The age of the study partici-
pants ranges from 1 to 70 years with a mean age of 22.3 years 
(±16.5 standard deviation). Most of the study participants 
were urban dweller (89.2%) and had a primary level of edu-
cation (43.1%) (Table 1).

Prevalence of acute bacterial diarrhea

Out of the 232 stool specimens investigated, 42 Salmonella 
and Shigella spp. were recovered, making a prevalence of 

18.1% (95% CI: 15.9, 21.4). Shigella (9.5%) was most fre-
quently isolated followed by Salmonella spp. (8.6%). The 
predominant bacteria were S. dysenteriae (23.8%), S. typhi 
(21.4%) and S. flexneri (19.1%) (Table 2).

Antimicrobial susceptibility pattern of the isolates

High rates of resistance against multiple antimicrobials were 
observed in most of the isolates. The isolates showed 69% 
resistance to each of ampicillin and tetracycline, and 61.9% to 
ciprofloxacin. The most resistant isolates from Shigella spp. 
were S. flexneri, which showed 87.5% resistance to ampicillin, 
75% to tetracycline, and 62.5% to ciprofloxacin. S. dysenteriae 
was the second most resistant bacteria, which showed 80% 
resistance to chloramphenicol and tetracycline, 70% to ampi-
cillin, and 60% to ciprofloxacin. S. typhi showed 66.7% resist-
ance to ampicillin, ciprofloxacin, and tetracycline (Table 2).

Factors associated with acute diarrhea

Patients in the age range of 11–20 years had almost five times 
higher odds of getting acute bacterial diarrhea than those in the 
age of less than 11 years (adjusted odds ratio (AOR): 4.61, 95% 
CI: 2.48, 7.34). The odds of having acute bacterial diarrhea 
were about fourfold higher among patients who feed raw vege-
tables compared with their counterpart (AOR: 3.67, 95% CI: 
1.32, 8.59). The odds of being infected with acute bacterial diar-
rhea were almost three times higher among patients who did not 
wash their hands before a meal with soap compared to those 
who did (AOR: 2.68, 95% CI: 1.96, 7.48). The odds of acute 
bacterial diarrhea were about threefold among patients who did 
not wash their hands after using the toilet compared to those 
who did (AOR: 3.25, 95% CI: 1.43, 7.36) (Table 3).

Discussion

Bacteria-associated diarrheal diseases are a major public 
health problem in developing countries where illiteracy, pov-
erty, overcrowding, poor sanitation, and unsafe drinking 
water supply are common.1–3 In this study, the prevalence of 
Salmonella and Shigella-associated acute diarrhea was 
18.1% (95% CI: 15.9, 21.4). This was comparable with stud-
ies conducted in other parts of Ethiopia such as Harar 
(18.4%),29 and Gondar (17.9%),30 but it was higher than 
another study conducted in Gondar (5.7%).19 The variation 
among the above-mentioned findings might be largely due to 
substandard environmental and personal hygiene, ignorance 
of health promotion, and methodological difference (the type 
of study participants, sample size, study design, study period, 
and diagnostic techniques).

Acute diarrhea caused by Salmonella is often a mild  
and self-limiting disease, occasionally they may cause life-
threatening diseases.3,10 The prevalence of Salmonella spp. 
(8.6%) in this study was relatively comparable to the study 
conducted in Harar, Ethiopia (11.5%),29 Ebonyi, Nigeria, 
(10.7%),31 and Butajira, Ethiopia (10.5%).20 The variation 

Table 1.  Sociodemographic characteristics of patients with 
diarrhea at public health facilities in Adama, Ethiopia, 2017.

Sociodemographic characteristics n (%)

Sex
  Male 99 (42.7)
  Female 133 (57.3)
Age (in years)
  <11 75 (32.3)
  11–20 40 (17.2)
  21–30 45 (19.4)
  31–40 41 (17.7)
  >40 31 (13.4)
Place of residence
  Urban 207 (89.2)
  Rural 25 (10.8)
Level of education
  Not read and write 72 (31)
  Read and write 14 (6)
  Primary cycle (Grades 1–8) 100 (43.1)
  Secondary cycle (Grades 9–12) and above 46 (19.8)
Occupational status
  Government employee 21 (9.1)
  Merchant 37 (15.9)
  Farmer, housewife, and daily labor 67 (28.9)
  Students 71 (30.6)
  Children and elders 36 (15.5)
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among the studies might be attributed to the presence of basic 
social facilities such as access to safe drinking water, personal 
hygiene, housing condition, sewage disposal, and ecological 
(animal reservoirs) and/or geographical condition.24

The ecological repartition of the four pathogenic Shigella 
spp. is dynamic. S. flexneri is endemic in many developing 
countries and causes a higher rate of mortality than other spe-
cies.11,12 However, the most prevalent Shigella strains that 
cause the majority of acute diarrheal diseases in this study 
belonged to S. dysenteriae (23.8%). The finding was compara-
ble with reports from Borno, Nigeria (37.5%),24 Gondar, 
Ethiopia (10%),32 and Accra, Ghana (16.7%).14 The prevalence 
of S. flexneri (19.1%) was found to be lower than the study 
conducted in Mwanza, Tanzania (90%),13 Rosario, Argentina 
(74%),12 Gondar, Ethiopia (64.7%),19 Wuhan, China (60%),7 
and Addis Ababa, Ethiopia (54%).33 The decrease of the more 
virulent S. flexneri in the present study might be attributed to 
the difference in environmental conditions.

Antimicrobial treatment can reduce the symptoms of a 
disease, decrease the number of carriers, and prevent the 
spread of the infection. However, in resource-limited coun-
tries, clinicians are enforced to clinically diagnose and pre-
scribe broad-spectrum antimicrobials empirically that led 
drug-resistant bacterial strains to emerge.17 Infections caused 
by these bacteria could lead to a high cost of treatment, pro-
longed hospital stays, and an increase in mortality with its 

concomitant loss in manpower and societies.24,31 In this 
study, Salmonella and Shigella strains showed higher resist-
ance to ampicillin, ciprofloxacin, and tetracycline. These 
antimicrobials are no longer recommended for empirical 
treatment. The observed resistance could be due to their wide 
use as first-line drugs with and without prescription in 
Ethiopia for a long time, easy availability, and misuse.17 The 
finding was in agreement with most studies conducted in 
Ethiopia.19,20,32 S. dysenteriae was found to be resistant to 
chloramphenicol, tetracycline, and ampicillin. This was in 
agreement with the reports from Gondar, Ethiopia,32 and 
Mwanza, Tanzania.13 The resistance observed by S. typhi to 
ampicillin, ciprofloxacin, and tetracycline was also in agree-
ment with the studies reported in many developing coun-
tries.13,34,35 The higher resistance to commonly used 
antimicrobials in this study is of critical concern to modern 
medicine, and clinicians may face the looming of encountering 
untreatable diarrhea caused by Salmonella and Shigella spp. in 
the near future. Sensitivity patterns can also be changed rapidly 
and they need to be monitored closely because of their implica-
tions for public health and as an indicator of drug misuse in a 
particular area. The appropriate choice, rational use, and con-
sidering the benefit–risk ratio of administering antimicrobials 
for the treatment of Salmonella and Shigella-associated diar-
rhea at different levels of health facilities would help to miti-
gate the evolution of antimicrobial resistance.

Table 2.  Antimicrobial susceptibility pattern of Salmonella and Shigella spp. isolated from stool of patients with diarrhea at public health 
facilities in Adama, Ethiopia, 2017.

Bacterial 
isolates

Total, n 
(%)

Pattern Antimicrobial susceptibility, n (%)

AM AMC FOX CIP C TE NAL

S. 
dysenteriae

10 (23.8) S 3 (30) 7 (70) 7 (70) 4 (40) 2 (20) 2 (20) 8 (80)
I 0 (0) 1 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
R 7 (70) 2 (20) 3 (30) 6 (60) 8 (80) 8 (80) 2 (20)

S. typhi 9 (21.4) S 3 (33.3) 7 (77.8) 6 (66.7) 2 (22.2) 5 (55.6) 3 (33.3) 5 (55.6)
I 0 (0) 0 (0) 0 (0) 1 (11.1) 0 (0) 0 (0) 0 (0)
R 6 (66.7) 2 (22.2) 3 (33.3) 6 (66.7) 4 (44.4) 6 (66.7) 4 (44.4)

S. flexneri 8 (19.1) S 1 (12.5) 7 (87.5) 6 (75) 3 (37.5) 6 (75) 2 (25) 7 (87.5)
R 7 (87.5) 1 (12.5) 2 (25) 5 (62.5) 2 (25) 6 (75) 1 (12.5)

Non-
typhoidal 
Salmonella 
spp.

6 (14.3) S 1 (16.7) 5 (83.3) 4 (66.7) 1 (16.7) 4 (66.7) 2 (33.3) 4 (66.7)
R 5 (83.3) 1 (16.7) 2 (33.3) 5 (83.3) 2 (33.3) 4 (66.7) 2 (33.3)

S. 
paratyphi

5 (11.9) S 2 (40) 3 (60) 3 (60) 2 (40) 2 (40) 2 (40) 4 (80)
I 1 (20) 0 (0) 0 (0) 1 (20) 0 (0) 0 (0) 1 (20)
R 2 (40) 2 (40) 2 (40) 2 (40) 3 (60) 3 (60) 0 (0)

S. boydii 4 (9.5) S 2 (50) 2 (50) 2 (50) 1 (25) 2 (150) 1 (25) 2 (50)
I 0 (0) 0 (0) 1 (25) 1 (25) 0 (0) 1 (25) 0 (0)
R 2 (50) 2 (50) 1 (25) 2 (50) 2 (50) 2 (50) 2 (50)

Total 42 (100) S 12 (28.6) 31 (73.8) 28 (66.7) 13 (30.9) 21 (50) 12 (28.6) 30 (71.4)
I 1 (2.4) 1 (2.4) 1 (2.4) 3 (7.2) 0 (0) 1 (2.4) 1 (2.4)
R 29 (69) 10 (23.8) 13 (30.9) 26 (61.9) 21 (50) 29 (69) 12 (26.2)

AM: ampicillin; AMC: amoxicillin–clavulanate; FOX: cefoxitin; CIP: ciprofloxacin; C: chloramphenicol; TE: tetracycline; NAL: nalidixic acid; S: sensitive;  
I: intermediate; R: resistance.



6	 SAGE Open Medicine

In this study, patients aged 11–20 years had higher odds of 
getting acute bacterial diarrhea. This may be due to their sub-
standard personal hygiene and higher exposure to unavailabil-
ity of safe drinking water and lack of washing hands. The 
higher odds of acute bacterial diarrhea among patients who did 
not wash their hands with soap before a meal and after using 

the toilet were in accordance with the findings of the study con-
ducted in Mekelle, Ethiopia.6 Another factor that was found to 
increase the odds of acquiring acute bacterial diarrhea was the 
feeding of raw vegetables. This was supported by a large variety 
of evidence that demonstrated as the feeding of contaminated 
vegetables predisposes consumers to infectious diarrhea.36,37 

Table 3.  Factors associated with Salmonella and Shigella-associated acute diarrhea at public health facilities in Adama, Ethiopia, 2017.

Characteristics Acute bacterial diarrhea Crude OR  
(95% CI)

Adjusted OR  
(95% CI)

Yes, n (%) No, n (%)

Sex
  Male 16 (16.2) 83 (83.8) 1  
  Female 26 (19.5) 107 (80.5) 1.26 (0.64, 2.50)  
Age (in years)
  <11 9 (11.7) 68 (88.3) 1 1
  11–20 11 (26.8) 30 (73.2) 2.77 (1.04, 7.38)* 4.61 (2.48, 7.340)**
  21–30 8 (17.8) 37 (82.2) 1.63 (0.58, 4.59) 2.40 (0.73, 7.91)
  31–40 7 (18.4) 31 (81.6) 1.71 (0.58, 5.00) 2.76 (0.85, 9.11)
  >40 7 (22.6) 24 (77.4) 2.20 (0.74, 6.57) 3.26 (0.99, 8.59)
Educational status
  Read and write 31 (17.4) 147 (82.6) 1  
  Not read and write 11 (20.4) 43 (79.6) 1.21 (0.56, 2.61)  
Occupation
  Employee 5 (23.8) 16 (76.2) 1  
  Non-employee 37 (17.5) 174 (82.5) 0.68 (0.24, 1.97)  
Feeding of raw meat
  No 36 (17.9) 165 (82.1) 1  
  Yes 6 (19.4) 25 (80.6) 0.91 (0.35, 2.38)  
Feeding of raw milk
  No 29 (17.7) 135 (82.3) 1  
  Yes 13 (19.1) 55 (80.9) 1.10 (0.53, 2.27)  
Feeding of raw vegetables
  No 29 (16) 152 (84) 1 1
  Yes 13 (25.5) 38 (74.5) 1.79 (0.85, 3.78)* 3.67 (1.32, 8.59)**
Hand washing before meal
  Soap and water 8 (12.7) 55 (87.3) 1 1
  Water only 34 (20.1) 135 (79.9) 1.73 (0.75, 3.98)* 2.68 (1.96, 7.48)**
Frequency of hand washing habit before meal
  Always 17 (17) 83 (83) 1  
  Occasionally 25 (18.9) 107 (81.1) 1.14 (0.58, 2.25)  
Hand washing with detergents before meal
  No 18 (18) 82 (82) 1  
  Yes 24 (18.2) 108 (81.8) 1.01 (0.51, 1.99)  
Hand wash after using the toilet
  Yes 26 (14.7) 151 (85.3) 1 1
  No 15 (31.2) 33 (68.8) 2.64 (1.26, 5.23)* 3.25 (1.43, 7.36)**
Hand washing facility around the latrine
  Yes 34 (17.9) 156 (82.1) 1  
  No 8 (19) 34 (81) 1.08 (0.46, 2.54)  
Contact with domestic animals (cat, dog, and hen)
  No 24 (16.1) 125 (83.9) 1  
  Yes 18 (21.7) 65 (78.3) 1.44 (0.73, 2.85)  

OR: odds ratio; CI: confidence interval.
*Statistically significant association at a p-value < 0.25.
**Statistically significant association at a p-value ⩽ 0.05.
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The occurrence of acute diarrhea could be decreased by inter-
ventions aimed to increase awareness in the identified associ-
ated factors.

This study has some limitations. The likelihood of underes-
timation of the prevalence of Salmonella and Shigella-
associated acute diarrhea was high since the study was based 
on the small sample size. The resistance observed to antimi-
crobials tested may not necessarily reflect in vivo resistance as 
the study was an in vitro one. Moreover, it is difficult to declare 
the cause–effect relationship between the identified associated 
factors and the outcome as the temporality between exposure 
and outcome cannot be ascertained with precision in the cross-
sectional study. Thus, further studies using a large sample size 
and another study design are required to elucidate the relation-
ship between associated factors, antimicrobial resistance, and 
acute bacterial diarrhea. Regardless of these limitations, the 
data described in this study could provide valuable informa-
tion to clinicians, health authorities and researchers regarding 
Salmonella and Shigella-associated diarrhea, its associated 
factors, and antimicrobial susceptibility pattern.

Conclusion

In the present study, S. dysenteriae and S. typhi were the com-
mon causes of acute diarrhea. The higher resistance observed 
to tetracycline, ampicillin, and ciprofloxacin is of major con-
cern. Treatments need to be based on species identification and 
antimicrobial susceptibility testing results rather than the cur-
rently practiced empirical treatment. Patients aged 11–20 years, 
who feed raw vegetables, and who did not wash hands with 
soap before the meal and after using the toilet had higher odds 
of acute bacterial diarrhea. Preventive measures focusing on 
these factors are needed to mitigate the spread of diarrhea. 
Moreover, further studies on large population are highly rec-
ommended to validate this study and to design cost-effective 
and cost-efficient infection control programs.
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