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Introduction

Diseases caused by enteric pathogens are of common public 
health concerns in many parts of the world including 
Ethiopia.1,2 Salmonella and Shigella are associated with a 
high burden of illness among children in the developing 
world.3 Children are one of the victims of these infections 
accounting for approximately 8% of all deaths among chil-
dren under age 5 worldwide in 2017. This implies that over 
1300 young children passed away each day, 480,000 children 
a year, regardless of the availability of humble active 
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treatment. Most of these deaths are due to diarrhea in South 
Asia and sub-Saharan Africa.4 The rates of Shigella and 
Salmonella in Ethiopia reported from different studies are in 
the range of 4.3%–45%5–8 and 1%–12.6%,7,9,10 respectively.

They are species of particular concerns as they cause 
enteric fevers, food poisoning and gastroenteritis.9 They are 
Gram-negative rods that commonly inhabit the intestinal 
tracts of humans and many animals.10 It was estimated that 
1.8 million cases of children died from diarrheal illness 
worldwide, a large proportion of which was attributed to 
infection by Shigella and Salmonella spp.11 Different studies 
have reported that Shigella spp. were associated with major-
ity of cases of bacillary dysentery, which is prevalent mainly 
in developing nations;12,13 whereas, Salmonella spp. were the 
most common cause of food-borne infection outbreaks 
almost all over the world.14 In recent years, the emergence 
and global dissemination of Salmonella and Shigella species 
resistance to ampicillin, chloramphenicol, tetracycline and 
co-trimoxazole are increasingly documented in developing 
countries.15

Infections of Shigella and Salmonella can be asympto-
matic and can be treated with rehydration solutions unless 
the infection is by invasive strains.16 Prescribing antibiotics 
might shorten the extent of diarrhea and control the organ-
isms, which otherwise might continue to spread among peo-
ple and in the environment, and furthermore, it would pose a 
public health concern.17 Children are at high risk of these 
infections due to their weakened immune status and ease of 
contamination.18 In developing countries, this infection 
increased due to poor sanitation, personal hygiene and lack 
of appropriate food supply that leads children to contaminate 
by themselves.19 Therefore, this study is aimed at identifying 
Shigella and Salmonella infections, antibiotic susceptibility 
and associated risk factors among children with diarrhea 
who visited Alamura Health Center in Southern Ethiopia.

Materials and methods

Study area and period

The study was conducted in the Southern Nations, 
Nationalities and Peoples Region (SNNPR) at Hawassa 
Alamura Health Center from 1 April 2019 to 30 August 
2019. Hawassa is the capital city of the SNNPR, located in 
the Southern part of Ethiopia, on the shores of Lake Hawassa 
which is one of the Great Rift Valley lakes situated around 
270 km from Addis Ababa, the capital city of Ethiopia. The 
mean annual rainfall is about 950 mm, temperature about 
20°C and humidity 70%–80%. The rainy season generally 
extends from June to October. The human population of 
Hawassa for 2015 was estimated at 351,469, with an annual 
growth rate of just over 4%.20 Hawassa city has 7 sub-cities 
with 5 private, 1 general and 1 comprehensive specialized 
hospital and 10 health centers. Alamura Health Center is 
located in the Tabor sub-city and borderline between Fara 
and Hitata Kebele near Alamura Mountain.

Study design and population

A facility-based cross-sectional study design was conducted 
among children with diarrhea at Alamura Health Center. A 
convenient sampling technique was employed in which diar-
rheic pediatric patients below the age of 14 years were 
included. They were considered for the study only after 
obtaining the necessary consent from their parents or guard-
ian and signing the document. The participants are excluded 
if their parents are not willing or refuse to sign. All diarrheic 
pediatric patients who visited Alamura Health Center for the 
diarrheal case of illness were the source of population.

Sample size determination

The sample size was calculated using a single population 
proportion formula: n = z2p (1−p)/d2, where n = sample size, 
z = confidence level at 95% (standard value of 1.96), 
M = margin of error at 5%, p = estimated prevalence of 
Shigella and Salmonella from the previous study 22.2%.21 
Therefore, the calculated sample size for this study was 263.

Variable of study

The dependent variables were the presence of Salmonella 
and Shigella. The independent variables were socio-demo-
graphic factors, namely, age, sex, place of residence, educa-
tional status of the mothers, marital status, family size, 
monthly income, occupation of the family. Clinical variables 
collected include history and type of diarrhea, malnutrition 
and vaccination status of the children. Another variable con-
sidered for the study was behavioral factor, which includes a 
drinking water source, hand-wash after toilet use, food/drink 
consumption before illness, storage of cooked food for later 
use, the habit of hand-washing before and after a meal, wash-
ing habit of food containers and history of contact with 
domestic animals. These were assessed with a structured 
questionnaire.

Data collection

The socio-demographic and clinical data were collected after 
informing the parents/caregiver about the aim of the study. A 
face-to-face interview was conducted to collect the data with 
a structured questionnaire from parents or caretaker of the 
children who complained of diarrhea after they signed the 
consent and the child accepted the assent.

Laboratory diagnosis

The stool was collected using a screw cup container. The 
parents/caregiver was instructed to bring a fresh stool sample 
without any contamination before 30 min of collection. All 
stool specimens were placed into Carry Blair Transport 
Medium and transported to the Microbiology Laboratory of 
Hawassa University Comprehensive Specialized Hospital 
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(HUCSH). The stool was inoculated on prepared culture 
media which is MacConkey, Xylose lysine deoxycholate 
(XLD) and selenite F-broth (Abtek, UK). The culture plates 
were incubated aerobically at 37°C for 24 h.

Bacterial identification

The colonies were examined morphologically for size, 
shape and ability to ferment lactose. Those bacterial colo-
nies with non-lactose fermenting characteristics with H2S 
for Salmonella and without H2S for Shigella were picked up 
for biochemical identification. Indole test, urease produc-
tion, mannitol fermentation, hydrogen sulfide, gas produc-
tion test, citrate utilization test, motility test, carbohydrate 
fermentation test, lysine decarboxylase test (LDC) and oxi-
dase test were used to identify the bacteria up to genus/spe-
cies level.22

Antibiotics susceptibility testing

A pure colony of isolated bacteria was mixed with normal 
saline to make a 0.5 McFarland standard suspension for sus-
ceptibility testing and then swabbed on Mueller Hinton agar. 
The susceptibility pattern of the isolates was determined for 
ciprofloxacin (CIP; 5 μg), augmentin (AUG; 30 μg), gen-
tamicin (GEN; 10 μg), chloramphenicol (CAF; 30 μg), co-
cotrimoxazole (COT; 25 µg), tetracycline (TAT; 30 µg), 
ampicillin (AMP; 10 µg), ceftriaxone (CRO; 30 µg), cefuro-
xime (CRX; 30 µg) and ceftazidime (CAZ; 30 µg). After 
incubation for 24 h at 37°C, the diameter of each zone of 
inhibition was measured with a ruler in millimeters. The 
results were then interpreted according to Clinical and 
Laboratory Standards Institute (CLSI) guidelines antimicro-
bial susceptibility breaking points 2018 and recorded as sen-
sitive (S), intermediate (I) or resistant (R).23

Quality control

A pre-test was conducted on 5% of the questionnaire before 
conducting the study. The validity and completeness of the 
data were verified daily. Sterility of culture media and bio-
chemical tests were checked by overnight incubation of un-
inoculated media from each batch of preparation. Standard 
strains of Escherichia coli ATCC 25922 and Pseudomonas 
aeruginosa ATCC 27853 were used for the culture and anti-
biotic susceptibility testing of internal quality assurance.

Data analysis

Data were entered into Statistical Package for the Social 
Sciences (SPSS) version 20 and were analyzed to make infer-
ences on the frequency of occurrence of enteric pathogens 
associated with diarrhea and to show bacterial resistance pat-
tern to locally prescribed antibiotic substances. Descriptive 
statistics were performed to get the frequency of dependent 
and independent variables. Binary logistic regression analysis 

was conducted to identify real predictor of Shigella and 
Salmonella. The strength of association was presented by odds 
ratio at 95% confidence interval (CI) and a p value of ⩽0.05 
was considered as a statistically significant association.

Ethical consideration

The study was conducted after obtaining formal permission 
from the Southern Nations Nationality and People Regional 
Health Office, Hawassa City Administration Health Office, 
Alamura Health Center Manager and Laboratory Head. The 
patients were included in the study only when the parents or 
caretakers of the patients sign the consent letter. The culture 
and antimicrobial susceptibility results were communicated 
to the concerned bodies in the health center within 72 h.

Results

Socio-demographic characteristics of the study 
subjects

A total of 263 diarrheic pediatric patients from Alamura 
Health Center were enrolled for the study with a mean and 
standard deviation of age 6.8 ± 3.7 years. The frequency and 
percentage of pediatrics age range enrolled for the study 
were 0–4, 88 (33.5%); 5–9, 103 (39.2%); and 10–14, 72 
(27.4%). An almost equal ratio of male to female was 
enrolled for the study (130:133). Regarding the residence, 
most of the study subjects 155 (58.9%) were from an urban 
area and 108 (41.1%) patients were from a rural area. 
Concerning the educational status of the mothers of pediatric 
patients, most of them were educated (81%) ranging from 
reading and writing to university graduate level and the rest 
19% were illiterates. The marital status of their mothers: 178 
(67.7%) were married, 43 (16.3%) divorced and 41 (15.6%) 
widowed. The mean and standard deviation of the family 
size was 5.6 ± 1.9 persons. The average income of the family 
was 3743.3 ± 2568.1 Ethiopian birr. Most of the study par-
ticipants have a large family size with a relatively low 
income of <1500 birr per month and from this number, the 
diarrhea positive was 12 (57.1%; Table 2).

The magnitude of Shigella and Salmonella

The overall magnitude of Shigella and Salmonella among 
children with diarrhea in Alamura Health Center was 20/263 
(7.6%), 95% CI: 4.4%–11.4% and 1/263 (0.38%), 95% CI: 
0.0%–1.1%. Shigella dysenteriae was frequently isolated 
from 4.2% (11/263), 95% CI: 1.9–6.8, from patients fol-
lowed by other Shigella spp. 3.42% (9/263), 95% CI: 1.5–
5.7, and Salmonella spp. 0.38% (1/263), 95% CI: 0.0–1.1. In 
the rest, 92% (242/263) Shigella and Salmonella were not 
isolated from diarrheic pediatric patients (Figure 1).
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Salmonella typhi

A single Salmonella typhi was isolated from the patient and 
it was sensitive to ciprofloxacin, gentamicin, ceftazidime, 
chloramphenicol, cefuroxime, ceftriaxone and co-trimoxa-
zole and resistant to ampicillin and tetracycline.

Other Shigella species

Shigella spp. isolated were 100.0% sensitive to both ceftriax-
one and ciprofloxacin, 77.8% to both ceftazidime and chlo-
ramphenicol, 66.7% to cefuroxime and 55.6% to gentamycin. 
Resistance was seen 81.8% for ampicillin, 72.7% for tetracy-
cline and 55.6% for both co-trimoxazole and augmentin.

Shigella dysenteriae

Shigella dysenteriae isolate was 100% susceptible to gen-
tamicin, 90.9% to ciprofloxacin, 90% to ceftazidime, 72% to 
both ceftriaxone and chloramphenicol. Resistance was seen 
for ampicillin (45.5%), 55% for co-trimoxazole, 72.7% for 
tetracycline and 91% for augmentin (Table 1).

Associated risk factors

Among the study participants, 162 (61.6%) patients showed 
a history of diarrhea; of these, 17 (81.0%) were positive for 
current infection. Of all diarrheic children, the type of diar-
rhea was watery for 111 (42.2%), mucoid for 103 (39.2%) 
and bloody for 49 (18.6%). Children with mucoid diarrhea 
were more 18 (85.7%) as compared to the rest of the patients. 
Most of the children, 170 (64.6%), had diarrhea once a day 
and most of the bacteria, 11 (52.4%), was isolated from these 
patients. Most of the study subjects used pipe water, 159 
(60.5%), for drinking, and the children infected in these cat-
egories were more than 17 (81.0%).

Regarding hand-wash, 221 (84.0%) affected children 
practiced hand-washing after defecation and the rest 42 
(16.0%) wash their hands only for some time. Among the 
16% of patients who wash their hands only for some time, 
nearly 95.2% of the patients were affected. Most of the food 
taken by the children before the illness was cooked food, 82 
(31.2%), even if the bacterial infection was dominantly iso-
lated from children who ate food at night, 8 (38.1%). Most 
of the children enrolled in the study were those who stored 
their food in closed containers, 223 (84.8%); lack of hand-
wash before and after meal, 178 (67.7%); wash food con-
tainers, 157 (59.7%); well-nourished, 238 (90.5%); 
vaccinated, 202 (76.8%); and had animal contact 137 
(52.1%). Correspondingly, most of the bacteria were iso-
lated from those who stored food in an open container, 16 
(76.2%); lack of hand-wash after or before meal, 15 (71.4%); 
washing of food container for some time, 17 (81.0%); well-
nourished, 18 (85.7%); vaccinated, 14 (66.7%); and had ani-
mal contacts, 13 (61.9%) (Table 2).

The bivariate analyses indicate that family with monthly 
income >1500 (crude odds ratio (COR) = 2.250, 95% CI: 
0.86–5.902, p = 0.099), educational status of mother who can 
read and write (COR = 5.170, 95% CI: 0.62–43.05, p = 0.129), 
previous history of diarrhea (COR = 0.35, 95% CI: 0.115–
0.078, p = 0.067), watery diarrheal type (COR = 11.69, 95% 
CI: 0.988–138.44, p = 0.051), mucoid (COR = 16.75, 95% 
CI: 2.130–131.67, p = 0.007) were the candidate variables for 
multivariable analysis.

Similarly, those who used pipe water source (COR = 2.993, 
95% CI: 0.978–9.16, p = 0.055), wash hands of their child 
after toilet for some time (COR = 200, 95% CI: 25.602–
1562.348, p = 0.000), store food in open containers 
(COR = 29.1, 95% CI: 9.78–86.37, p = 0.000) washing habit 
of food containers for some time (COR = 7.306, 95% CI: 
2.38–22.4, p = 0.001) were candidate variables for multivari-
able analysis with p value of ⩽0.25 (Table 2).

However, in multivariate analysis, after adjustment, those 
who had a habit of washing the hands of children after toilet 
use for some time (adjusted odds ratio (AOR) = 235.1, 95% 
CI: 20.9–2643.3, p = 0.000) and store cooked food in an open 
container (AOR = 36.44, 95% CI: 5.82–228.06, p = 0.000) 
showed a statistically significant association of Shigella and 
Salmonella infection with p values ⩽0.05. However, factors 
like the type of diarrhea, history of contact with domestic 
animals, the habit of hand-washing before and after a meal 
and washing of food containers were not statistically signifi-
cant (Table 2).

Discussion

The overall magnitude of Shigella and Salmonella isolated in 
this study was 8.0% (4.6%–11.4%), which is lower than the 
studies conducted in Tanzania 42.7%,24 Mozambique 
27.2%,25 Ethiopia 22.3%,26 22.2%27 and 18.1%.28 It is com-
parable with a study reported in Ethiopia from Nekemte 
9.2%28 and Southern Ethiopia 8.3%.21 The possible reason 

242

11 9 1
0

50

100

150

200

250

300

NO Shigella
/Salmonella

Shigella
dysentery

Shigella spp Salmonella spp

F
r
e
q
u
e
n
c
y

Isolates

Figure 1. Magnitude of Shigella spp., Shigella dysenteriae and 
Salmonella typhi in diarrheic pediatric patients from Alamura 
Health Center, Southern Ethiopia, 2019.
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Table 1. Antimicrobial susceptibility profile of Salmonella typhi, Shigella spp. and Shigella dysenteriae isolated from diarrheic pediatric 
patients from Alamura Health Center, Southern Ethiopia, 2019.

Antibiotics Isolates

S. typhi (1) Shigella spp. (9) S. dysentery (11) Total (21)

S R S I R S I R S (%) I (%) R (%)

AMP 0 1 0 4 5 0 2 9 0 (0.0) 6 (28.6) 15 (71.4)
COT 1 — 5 0 4 5 3 3 11 (52.4) 3 (14.3) 7 (33.3)
CIP 1 — 9 0 0 10 1 0 20 (95.2) 1 (4.8) 0 (0.0)
CRO 1 0 9 0 0 8 0 3 18 (85.7) 0 (0.0) 3 (14.3)
CAZ 1 0 7 1 1 10 1 0 18 (85.7) 2 (9.5) 1 (4.8)
GEN 1 0 5 4 0 11 0 0 17 (81.0) 4 (19.0) 0 (0.0)
CAF 1 0 7 1 1 8 2 1 16 (76.2) 3 (14.3) 2 (9.5)
CRX 1 0 6 2 1 7 1 3 14 (66.7) 3 (14.3) 4 (19.0)
AUG 0 1 1 4 4 0 3 8 1 (4.8) 7 (33.7) 13 (61.9)
TAT 0 1 0 5 4 0 3 8 0 (0.0) 8 (38.1) 13 (61.9)

S: sensitive; I: intermediate; R: resistant; AMP: ampicillin; COT: co-cotrimoxazole; CIP: ciprofloxacin; CRO: ceftriaxone; CAZ: ceftazidime; GEN: gentami-
cin; CAF: chloramphenicol; CRX: cefuroxime; AUG: augmentin; TAT: tetracycline.

Table 2. Bivariate analysis of socio-demographic characteristics and clinical data of diarrheic pediatric patients in the Alamura Health 
Center, Southern Ethiopia, 2019. 

Variables Frequency 
(%)

Shigella/Salmonella COR 95% CI p value AOR 95% CI p value

Yes (%) No (%)

Age in group (years)
 0–4 88 (33.5) 7 (33.3) 81 (33.5) 1.158 (0.35–3.82) 0.809  
 5–9 103 (39.2) 9 (42.9) 94 (38.8) 1.283 (0.41–4.00) 0.668  
 10–14 72 (27.4) 5 (23.8) 67 (27.7) 1  
Sex
 Male 130 (49.4) 8 (38.1) 122 (50.4) 1  
 Female 133 (50.6) 13 (61.9) 120 (49.6) 1.652 (0.66–4.13) 0.283  
Residence
 Rural 108 (41.1) 8 (38.1) 100 (41.3) 1  
 Urban 155 (58.9) 13 (61.9) 142 (58.7) 0.874 (0.35–2.2) 0.773  
Mother’s educational status
 No formal education 50 (19.0) 2 (9.5) 48 (19.8) 1.125 (0.10–12.99) 0.925  
 Read and write 56 (21.3) 9 (42.9) 47 (19.4) 5.170 (0.62–43.05) 0.129  
 Elementary school 76 (28.9) 5 (23.8) 71 (29.3) 1.901 (0.21–17.03) 0.566  
 Secondary school 53 (20.2) 4 (19.0) 49 (20.2) 2.204 (0.23–20.7) 0.489  
 College/university 28 (10.6) 1 (4.8) 27 (11.2) 1  
Mother’s marital status
 Married 178 (67.7) 14 (67.7) 164 (67.8) 1  
 Divorced 43 (16.3) 5 (23.2) 38 (15.7) 1.057 (0.37–3.044) 0.919  
 Widowed 41 (15.6) 2 (9.5) 39 (16.1) 0.560 (0.070–4.468) 0.584  
Family size (person)
 2–3 23 (8.8) 2 (9.5) 21 (8.7) 1  
 4–5 129 (49.2) 12 (57.1) 117 (48.5) 1.077 (0.23–5.163) 0.926  
 ⩾ 6 110 (42.0) 7 (33.3) 103 (42.7) 0.714 (0.138–3.679) 0.687  
Monthly income birr/ETB
 500–1500 51 (19.4) 7 (33.3) 44 (18.2) 1  
 > 1500 212 (80.6) 14 (66.7) 198 (81.8) 0.444 (0.169–1.166) 0.099  
Previous diarrhea
 Yes 162 (61.6) 17 (81.0) 145 (59.9) 2.843 (0.928–8.706) 0.067  
 No 101 (38.4) 4 (19.0) 97 (40.1) 1  

(Continued)
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Variables Frequency 
(%)

Shigella/Salmonella COR 95% CI p value AOR 95% CI p value

Yes (%) No (%)

Type of diarrhea
 Bloody 111 (42.2) 1 (4.8) 100 (43.1) 1  
 Watery 49 (18.6) 2 (9.5) 47 (20.3) 11.69 (0.99–138.44) 0.051  
 Mucoid 103 (39.2) 18 (85.7) 85 (36.6) 16.75 (2.13–131.67) 0.007  
Frequency of diarrhea
 Once 170 (64.6) 11 (52.4) 159 (65.7) 1.038 (0.125–8.598) 0.973  
 Twice 77 (29.3) 9 (42.9) 68 (28.1) 1.985 (0.234–16.88) 0.530  
 > 3 16 (6.1) 1 (4.8) 14 (5.8) 1  
Malnutrition
 Yes 25 (9.5) 3 (14.3) 22 (9.1) 1 0.441  
 No 238 (90.5) 18 (85.7) 220 (90.9) 1.67 (0.46–6.121)  
Vaccination
 Yes 202 (76.8) 14 (66.7) 188 (77.7) 0.574 (0.221–1.495) 0.256  
 No 61 (23.2) 7 (33.3) 54 (223) 1  
Drinking H2O sources
 Pipe 159 (60.5) 17 (81.0) 142 (58.7) 2.993 (0.978–9.162) 0.055  
 Other 104 (39.5) 4 (19.0) 100 (41.3) 1  
Child’s hand-wash after toilet
 Always 221 (84.0) 1 (4.8) 220 (90.9) 1 0.000 235.1 (20.9–2643.3) 0.000
 Sometimes 42 (16.0) 20 (95.20 22 (9.1) 200 (25.6–1562.35)  
Food taken before illness
 Cooked food 82 (31.2) 5 (23.8) 77 (31.8) 0.801 (0.182–3.533) 0.769  
 Overnight food 77 (29.3) 8 (38.1) 69 (28.5) 1.430 (0.358–5.716) 0.613  
 Raw vegetable 64 (24.3) 5 (23.8) 59 (24.4) 1.045 (0.236–4.634) 0.954  
 Raw milk 40 (15.2) 3 (14.3) 37 (15.3) 1  
Storage of cooked food
 Open containers 40 (15.2) 16 (76.2) 24 (9.9) 29.1 (9.78–86.372) 0.000 36.44 0.000
 Closed containers 223 (84.8) 5 (23.8) 218 (90.1) 1  
Hand-washing before and after a meal
 Yes 85 (32.3) 6 (28.6) 79 (32.6) 1  
 No 178 (67.7) 15 (71.4) 160 (66.1) 1.212 (0.453–3.242) 0.702  
Cleaning of cooking containers
 Always 157 (59.7) 4 (19.0) 153 (63.2) 1  
 Sometimes 106 (40.3) 17 (81.0) 89 (36.8) 7.306 (2.38–22.4) 0.001 4.94 (0.795–30.74) 0.087
Contact with animals
 Yes 137 (52.1) 13 (61.9) 124 (51.2) 1.546 (0.62–3.865) 0.351  
 No 126 (47.9) 8 (38.1) 118 (48.8) 1  

COR: crude odds ratio; CI: confidence interval; AOR: adjusted odds ratio; ETB: Ethiopian Birr.

Table 2. (Continued)

for such a difference may be the sample size, the method 
adopted and age variation.8,21

In this study, 7.6% (4.6%–11.0%) of Shigella spp. was 
isolated, which is comparable to the study conducted in 
Burkina Faso 5.8%,29 Kenya 7.4%,30 Nigeria 8%,31 Ethiopia 
8.3%,32 9.1%.33 In contrast to our findings, a lower rate of 
Shigella infection was reported from China 1.4%,34 Nekemte 
2.1%,28 Ambo 2.5%,35 Goba 4.3%,8 and a higher prevalence 
of Shigella was reported from Mekelle 13.3%,36 Botswana 
21%.37 This study identified Shigella dysenteriae from 
another Shigella spp. with available biochemical tests and 
accordingly, 11 (4.2%), 95% CI: 1.9%–6.8%, were infected 
by Shigella dysenteriae. This rate is lower than the report 

from Nepal 14.5%.38 However, it is comparable with the 
findings from Central Africa 3%.39 The other nine (3.42%), 
95% CI: 1.5–5.7, were other species of Shigella and this 
value is higher compared with the results reported from 
China 1.4%,34 Nigeria 1.4%,40 Addis Ababa 1.3%41 and 
Jimma 1.1%.42 Our findings are lower than the study reported 
from Jimma 20.1%,43 Bahir Dar 14.9%,44 9.5%,33 7.8%,33 
Harar 14.6%,45 Addis Ababa 9.1%,32 South Africa 8.5%,46 
Southwest Ethiopia 8.4%,17 Sudan 8%,47 Southern Ethiopia 
7.0%,21 Eastern Ethiopia 6.9%48 and Northern Ethiopia 
6.9%.49 This reported variation may be due to the geographi-
cal location, climatic change and age variation of the partici-
pant. A comparable result was reported from Gondar 4.6%,50 
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Nepal 4.6%,51 Butajira 4.5%,52 Kenya 4.0%,53 Turkey 3.2%54 
and Ethiopia 2.3%.17

A single S. typhi 0.4%, 95% CI: 0%–1.1%, isolated in this 
study was in line with the findings reported from Addis 
Ababa, 0%,41 1.1%.50 In contrast to our finding, higher rates 
were reported from Sudan 4.0%,47 China 4.3%,34 Addis 
Ababa 3.95%,32 Kenya 3.4%,53 Turkey 3%,54 Gondar 1.6%55 
and Hawassa 1.5%.21 This difference might be due to sam-
pling size, climatic condition and age differences.8,21,41,56

Our study revealed that the highest rates of antibiotic 
resistance of Shigella spp. were against Ampicillin 81.8%, 
which is comparable with the studies from different areas of 
Ethiopia 70.1% from Jimma,43 79.9% from Gonder,57 
86.7%28 and 88.9% from Mekelle.58 Our study also showed 
relatively low resistance compared to the findings from 
Nigeria 90.5%,59 Harar 100%,48 Jimma 100%,17 Hawassa 
93%.60 This may be due to widespread resistant strains in the 
countries. Another antibiotic resistance of Shigella spp. was 
seen against tetracycline 71.4%, and this was comparable 
with the findings reported from Harar 70.6%,48 Jimma 63.6% 
43 and Mekelle 77.8%.49 This result was slightly lower than 
the studies reported from Butajira 82.4%,52 Gondar 86%61 
and 86%,57 Hawassa 90%.60 This may be due to the nature of 
the susceptibility of strains to tetracycline. Our results also 
indicated that 52.4% was resistant against co-trimoxazole 
and this was comparable with the studies done in Hawassa 
56.0%,50 Addis Ababa 45.7%62 and Mekelle 55.6%.49 In con-
trast to our finding, higher results are reported from Gonder 
73.4%.57 Several factors may contribute for the resistance, 
which may be related to the potency and quality of antimi-
crobials and the distribution of resistant strains.62

Studies have shown that Shigella is a global problem espe-
cially in developing countries.63,64 It is common in areas where 
living standards of people are very low and access to safe and 
adequate drinking water and proper waste disposal systems 
are often very limited or even absent.17,32,57,61,65 Deprived 
access to a good latrine, poor sanitation and hygienic status, 
hand-washing habit before and after a meal and/or latrine, 
absence of proper sewage disposal system were responsible 
for a typhoidal type of Salmonella infections.17,21,32 Our study 
assessed risk factors for acquiring Shigella/Salmonella infec-
tion. Accordingly, the socio-demographic factors like age 
group (5–9 years), sex, educational and marital status of moth-
ers; family size (4–5 persons) and monthly income (>1500) 
were responsible for a higher percentage of infection. 
However, none of these variables were statistically associated. 
In agreement with our study, a statistically insignificant asso-
ciation with socio-demographic characteristic was reported 
from Ethiopia in Addis Ababa32 and Bahir Dar.33 In contrast to 
our study, age range1–3 from Bale,8 Burkina Faso66 and Mekelle 
Ethiopia;36 educational status of the family (illiterates) from 
Gonder;6 and family income in Thailand67 were statistically 
associated with p < 0.05.

The clinical variables showed that there are high rates of 
infection associated with mucoid diarrhea with a history of 
diarrhea, no malnutrition. However, none of these variables 

were statistically associated. Contrasting to our finding, the 
type of diarrhea with watery consistency from Bahir Dar was 
with high rates and statistically associated.33 Similarly, a 
study from Ambo showed that mucoid diarrhea was with 
higher rates of infection.35 Our study also showed that those 
who have taken vaccination were highly affected, which is in 
disagreement with the study reported from Ambo, which 
spells that children who were not vaccinated were at higher 
risk and significantly associated.35 Host factors associated 
with malnutrition, such as a compromised immune system, 
environmental enteric dysfunction and enteric microbiome 
may predispose malnourished children to be more severe to 
disease infection.68–71 Children with malnutrition may also 
be more likely to live in households of low socioeconomic 
status where poor access to clean water,72,73 sanitation and 
hygiene may expose them to greater fecal microbial loads 
and a higher risk of pathogens associated with mortality such 
as Shigella species.3 However, in our study, even if it is not 
statistically associated, high rates of infection were evident 
from malnourished children.

Behavioral factors such as the source of water from the 
pipeline, washing of hands after defecation for some time, 
consumption of food before illness, storing of food in open 
containers for later use, not washing hands before and after a 
meal and cleaning of cooking containers for some time con-
stitute associate factors for the infection. However, the mul-
tivariate analysis showed that those who had a habit of 
washing hands for some time as compared to those who 
practice hand-washing always were at risk of infection. This 
can be justified that regular hand-washing using detergent is 
important for the prevention of Shigella and Salmonella 
transmission. Similarly, those who store cooked food in an 
open container for later use (34.44 times) are also at risk of 
infection as compared to those who practice closing the con-
tainer, with a p value of ⩽0.05, which is in agreement with 
the studies conducted in Southern Ethiopia Arbaminch.7,74 
This can be explained by the transmission of these infections 
by flies, cockroaches and rodents in the kitchen and, there-
fore, exposing food can lead to diarrhea in children through 
bacterial contamination.75–79

Limitation of study

•• Our study does not indicate the total magnitude of 
Salmonella and Shigella infection in Hawassa town.

•• It does not identify bacteria at the species level due to 
a lack of anti-sera in the local market.

Conclusion

Our study indicated that there was a high rate of Shigellosis 
and incidence of single Salmonella among children with 
diarrhea. Ampicillin, augmentin and tetracycline were resist-
ant, while ciprofloxacin, ceftriaxone, ceftazidime, gentamy-
cin, chloramphenicol, cefuroxime and cotrimoxazole were 
relatively sensitive. It was also found that those who practice 
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hand-washing after defecation for some time, and store foods 
for later use in an open container were at risk of infection. 
Therefore, to alleviate this infection, the concerned body 
should be given health education for hand-washing after def-
ecation and storing food in a closed container for later use.
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