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Abstract

Non-typhoidal Sa/monella is a major cause of foodborne illness, particularly in developing countries where poor hygiene and con-
sumption of unsafe food or water are common, yet data on its prevalence and associated risk factors are limited in the study area.
This study aimed to determine the prevalence and related risk factors of non-typhoid Sa/monella among diarrheal patients attending
health institutions in Gondar City. A cross-sectional study was conducted from September 2024 to August 2025, involving 432
patients with diarrhea who visited selected public health facilities. Stool samples were tested using standard microbiological and bio-
chemical methods, and data on potential risk factors were collected through a structured questionnaire. Non-typhoid Sa/monella was
detected in 12 patients (2.8%). Significant predictors of infection included consuming raw vegetables and fruits [adjusted odds ratio
(AOR)=4.00; 95% confidence interval (CI): 1.41-16.15], leaving food unrefrigerated for more than 2 hours (AOR=4.00; 95% CI:
1.31-18.46), contact with livestock (AOR=7.00; 95% CI: 1.91-26.90), and limited access to proper toilet facilities (AOR=11.00; 95%
CI: 3.55-38.29). On the other hand, access to clean water was associated with a significantly lower risk of infection (AOR=0.12;
95% CI: 0.04-0.39). Although the prevalence was lower than global averages, the presence of multiple risk factors suggests ongoing
transmission, indicating the need for improved hygiene, better food safety practices, and regular monitoring of non-typhoid

Salmonella in the area.
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Introduction

Salmonella is a common cause of intestinal infection, leading
to illness, death, and economic loss globally (Siddiky et al., 2022).
It is the leading cause of foodborne illness worldwide, typically
causing gastroenteritis with symptoms like diarrhea and vomiting
(Liu et al., 2023; Kumar et al., 2025). This Gram-negative, rod-
shaped bacterium belongs to the Enterobacteriaceae family (Cheni
et al., 2022) and is classified mainly into Salmonella enterica and
Salmonella bongori species, with Salmonella enterica further
divided into six subspecies (Elhadi er al, 2013). Clinically,
Salmonella is classified into typhoid and non-typhoid Sal/monella
(NTS) based on disease manifestation (Garedew ef al., 2018). The
NTS commonly causes diarrhea but can lead to severe invasive
infections in vulnerable groups (Marks et al., 2017; Diab et al.,
2023).

Typhoid salmonellosis is caused by Salmonella Typhi or
Salmonella Paratyphi A, while NTS gastroenteritis is mainly due to
Salmonella Typhimurium (S. Typhimurium) and Salmonella
Enteritidis (S. Enteritidis) (Amare et al., 2024). Over 2000 NTS
serovars infect humans and animals, with S. Typhimurium and S.
Enteritidis responsible for over 40% of global human cases
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(Johnson et al., 2018; Petrin et al., 2023; Lamichhane et al., 2024).
In Sub-Saharan Africa, S. Typhimurium, S. Enteritidis, and S.
Dublin predominate in invasive NTS infections (Marks et al.,
2017), while in Ethiopia, S. Uganda, Salmonella diarizonae, and S.
Typhimurium are most common (Beyene et al., 2024).

The NTS is a major public health issue, reflecting the “one
health” link between humans, animals, and the environment
(Mengistu et al., 2020; Cuypers et al., 2023). It causes about 93
million infections and 155,000 deaths annually (Balasubramanian
et al., 2019). ), remaining a key cause of diarrhea (Woh et al.,
2021). Transmission primarily occurs through contaminated ani-
mal products but also via fresh vegetables and fecal-oral routes
(Kim et al., 2022; Zhang et al., 2023; Hugho et al., 2024).

In low-income countries, NTS risk is heightened by poor
hygiene, unsafe water, overcrowding, and unsafe food handling
practices (Ngogo et al., 2020). In Ethiopia, factors like low educa-
tion, crowded living conditions, poor water sources, and unsafe
food storage increase infection risk (Dessale et al., 2023).
Behavioral risks include inadequate hand washing and consuming
unpasteurized milk (Azanaw et al., 2024). Prevalence in Ethiopia
ranges from 1% to 13% among food handlers and diarrheal
patients (Kahsay et al., 2023).
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Since many NTS infections come from contaminated food and
the surrounding environment, it is important to know how people
in the area are being exposed. Looking at everyday factors like
how food is handled, the quality of water used, and whether pro-
duce is contaminated can show where food safety interventions are
needed to reduce the spread of infection. Due to its significant bur-
den, studying NTS prevalence and related risk factors is essential
in places where the disease remains endemic and a major cause of
diarrheal illness. Therefore, this study was designed to determine
the prevalence of Salmonella infection and identify the key food-
related and environmental risk factors contributing to its transmis-
sion and to inform practical food safety interventions.

Materials and Methods

Study design, area and period

A cross-sectional study was conducted from September 2024
to August 2025 among diarrheic outpatients at public health facil-
ities in Gondar city, Northwest Ethiopia. Gondar, a historic tourist
center, is located 747 km from Addis Ababa, the capital of
Ethiopia, and 175 km from Bahir Dar, the capital of the Amhara
Regional State, with a population of 621,168 (2016 estimate)
(Amare et al., 2024). The city lies at 1800-2200 m altitude, has an
average annual rainfall of 1000 mm, a temperature of around 26°C,
and relative humidity ranging from 30-70% depending on the sea-
son (Ejo et al., 2016).

Study population, sample size determination and
sampling procedure

The source population was all outpatients aged 6 months and
older at public health facilities in Gondar city. The study popula-
tions include patients with diarrhea, excluding those suspected of
salmonellosis who had used antimicrobials in the past 2 weeks.

The sample size was determined using a single population pro-
portion formula, n = (Za/2)* * p * (1-p) / d*> where, Za/2 = 1.96 for
the standard scale of 95% level of confidence, level of precision
(d) = 5% and p=0.15. Since epidemiological investigations of
salmonellosis in Ethiopia showed that the highest prevalence of
Salmonella infection was 15% reported by Mache (Beyene et al.,
2010). 10% non-response rate was considered. The calculated
sample size was 196; because of the design effect of stratified sam-
pling, the calculated sample size was multiplied by two, resulting
in 392. By adding 10% (40) non-respondent rates, the final sample
size became 432. The sampling process used to determine the final
study sample is illustrated in Figure 1, outlining the identification
of the target population and selection of participants through an
appropriate sampling technique to ensure a representative sample.

Socio-demographic and specimen collection,
handling and transportation

Data on socio-demographic and risk factors such as age, gen-
der, education, marital status, family size, hygiene practices, food
safety, animal contact, and raw food consumption were collected
using a structured questionnaire. After obtaining consent, 3-5 mL
of fresh stool samples were collected in labeled, leak-proof con-
tainers within an hour and promptly transported in an ice box to the
University of Gondar Comprehensive Specialized Hospital (He et
al., 2023).
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Isolation and identification of Salmonella

About 1-2 g of stool was inoculated into Cary-Blair medium
and incubated aerobically at 37°C for 18-24 hours. Enriched sam-
ples were then streaked onto Xylose Lysine Deoxycholate agar
(XLD, Oxoid, Ltd., United Kingdom) and re-incubated under sim-
ilar conditions. Media performance was verified using known
Salmonella positive controls. Suspected colonies appeared pale
pink with black centers (indicating hydrogen sulfide production)
and were subcultured for purity. Biochemical identification used
triple sugar iron agar, Lysine decarboxilase, urea broth, sulfide
indole motility tests, and citrate utilization tests (Oxoid, Ltd.,
United Kingdom), with typical Salmonella showing an alkaline
slant, acid butt, hydrogen sulfide production, lysine decarboxyla-
tion, urea negativity, and citrate positivity.

Quality control

Questionnaires were clearly designed, translated into the local
language, and back-translated to ensure accuracy. A 5% pretest was
conducted at nearby health facilities, and necessary revisions were
made. Data collectors received training on patient interaction, data
collection, quality assurance, and analysis. Collected data were
reviewed daily for completeness and accuracy. Fecal samples were
processed following standard operating procedures, with strict
adherence to bio-safety precautions. Contamination was mini-
mized through chemical and thermal treatments like autoclaving
and burning. Expiry dates of media and reagents were checked.
The sterility of the media was tested by overnight incubation with
5% of the fresh batch. Reference strains (Escherichia coli ATCC
25922 and S. Typhimurium ATCC 14028) were used to validate
media performance and biochemical tests (Amare et al., 2024).

Statistical analysis

Data were coded and verified for accuracy before being
entered into SPSS version 26 (Statistical Package for the Social
Sciences). The data were cleaned, edited, and analyzed using SPSS
version 26 for Fisher’s Exact Test and R software for Firth’s

Proportional allocation at public health facilities in Gondar city in five out of
ten via simple random sampling, with stratification according to facility type

and location, based on outpatient attendance

l

v v v v

Tedda Azezo Marakie Gondar University
Health Health Health Health of Gondar
center center center center Compressive
Specialized
N=41 N=57 N=96 N=59 Hospital
N=179

By consecutive sampling the final
sample size were (N) =432 participants

Figure 1. Sampling procedure to determine the study sample size.
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Penalized Logistic Regression Model. Descriptive statistics were
used to summarize the characteristics of the study population.
Associations between variables and Salmonella positivity were
assessed using Fisher’s Exact Test. Due to the low prevalence
(2.8%), Fisher’s Exact Test was applied to examine associations
between risk factors and NTS infection (Kim, 2017). Variables
with p<0.20 in bivariate analysis were included in a multivariable
Firth’s Penalized Logistic Regression Model using R software to
identify independent factors and reduce small sample bias (Suhas
et al., 2023). Adjusted odds ratios (AORs) with 95% confidence
intervals (Cls) were reported. Variables with a p-value less than
0.05 and a corresponding 95% CI were ultimately regarded as sta-
tistically significant.

Results

Socio-demographic characteristics of the participant

The study included 432 participants, slightly more male
(52.1%). Ages ranged from 10 months to 80 years, with a mean of
22.4+19.8 years. Most were young children aged 1-9, mainly
preschoolers not yet in formal education, and the majority lived in
urban areas. Many participants were unmarried because most of
them were children, while most adults were married. Few were

employed, and household sizes were generally small to medium.
Salmonella was detected across all groups, with higher prevalence
in older adults aged 60 years and above, rural residents, and partic-
ipants with no formal education levels (Table 1).

Prevalence and risk factors of non-typhoid
Salmonella

The overall prevalence of non-typhoidal Salmonella among the
study population was 2.8%. Consumption of raw fruits and vegeta-
bles was significantly associated with infection, while risk behav-
iors such as keeping food at room temperature and eating leftovers
remained common. Additional contributing factors included water
source, sanitation practices, and contact with domestic animals.
The key tested risk factors, covering food handling, water source,
animal contact, and sanitation, were presented, with low count or
descriptive only variables excluded (Table 2), while detailed infor-
mation on all contributing factors is provided in Supplementary
Table 1. Fisher’s Exact Test and Firth’s Penalized Logistic
Regression Model, appropriate when expected cell frequencies are
below five, which applies to this study, revealed a significant asso-
ciation between Salmonella infection and several risk factors
(p<0.05; 95% CI). Higher infection odds were linked to eating raw
vegetables, unrefrigerated food, livestock contact, and open defe-
cation, while access to clean water was associated with lower risk
(Table 3).

Table 1. Demographic characteristics and Salmonella Positivity among 432 study participants at public health facilities in Gondar city,

Northwest Ethiopia, 2024.

Variables Categories Frequency n (%) Salmonella +ve n (%)
Age 1-9 169 (39.1) 4237
10-19 50 (11.6) 1(2.0)
20-24 35(8.1) 1(2.86)
25-44 105 (24.3) 3(2.86)
45-59 39 (9.0) 1(2.56)
60+ 34 (7.933) 2 (5.88)
Gender Male 225 (52.1) 6 (2.67)
Female 207 (47.9) 6 (2.90)
Education None 96 (22.2) 4(4.17)
Preschool 148 (34.3) 4(2.70)
Primary 81 (18.8) 2(2.47)
Secondary 58 (13.4) 1(1.72)
College/university 49 (11.3) 1(2.04)
Residence Rural 76 (17.6) 3 (3.95)
Urban 356(82.4) 9(2.53)
Occupation Business 34 (7.9) 1(2.94)
Employed 49 (11.3) 1(2.04)
Agriculture 39 (9.0) 1(2.56)
Student 79 (18.3) 1(1.27)
Preschool 148 (34.3) 4(2.70)
Housewife 57 (13.2) 2 (3.51)
None 26 (6.0) 0(0)
Marital status Divorced 15 (3.5) 1 (6.67)
Married 162 (37.5) 3 (1.85)
Single 55 (12.7) 2 (3.64)
Widowed 9(2.1) 1(11.1)
Not applicable 191 (44.2) 5(2.62)
Family size 1-3 (small family) 199 (46.1) 6 (3.02)
4-6 (medium family) 207 (47.9) 5(2.42)
>7 (large family) 26 (6.0) 1(3.85)

Percentages for Salmonella positivity are calculated as (number positive + total in category) x 100.
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Discussion

This study reports the prevalence and risk factors of NTS
among outpatients at public health facilities in Gondar City. The
prevalence of NTS among outpatients at public health facilities in
Gondar City among diarrheic patients in this study was 2.8%. The
prevalence found in this study is lower than rates reported from
several African countries: in Burkina Faso (17.9%) (Nikiema et al.,
2021), Southern Tanzania (16.5%) (Ngogo et al., 2020), Tanzania
Morogoro Regional Hospital children (5.3%) and adults (3.0%)
(Cuco et al., 2024), Kenya [12.6%) (Peter et al., 2023) and 13.1%,
(Muthumbi et al., 2023)], Egypt (10.88%) (Diab et al., 2023), and
Uganda (5.2%) (Kivali et al., 2024), Ethiopia [(3.8-15%) (Beyene
et al., 2010), (13.7%) (Garedew et al., 2018)], Addis-Abeba 4.0%
among males and 5.7% among female (Kebede et al., 2021),
Bahirdar and Gondar district (4.8%) (Abate and Assefa, 2021).

In contrast, the 2.8% prevalence in the current study aligns
more closely with findings from Ethiopia, where several reports
have shown isolation rates ranging from 1% to 10% among food
handlers and diarrheal patients (Kahsay et al., 2023), Harar hospi-
tal 2.8% (Teshale et al., 2025), including comparable findings of
2.5% in Gondar (Beyene et al., 2024) and 3.15% in Debre Markos
(Dessale et al., 2023).

The variation in Salmonella prevalence across studies may be
due to differences in study design, population characteristics, set-
tings (outpatients vs. community-based), diagnostic methods, and

sample sizes; however, further investigation is required to confirm
these factors. The lower prevalence observed in this study may
reflect better hygiene, improved sanitation infrastructure, and
effective public health and food safety measures in the study area
as compared to rural settings, where such facilities are often limit-
ed. Additionally, urban residence and the religious fasting period
during data collection may have reduced consumption of high-risk
foods like raw meat, milk, and eggs, contributing to lower infec-
tion rates. Still, more research is needed to verify these factors.
During the data collection period (June to August) in Gondar city,
a widespread religious fasting season limited the intake of non-
fasting foods like raw meat, milk, and eggs, commonly linked to
Salmonella, leading to a likely reduction in infection rates.

Factors significantly associated with NTS infection included
consumption of raw vegetables and fruits, allowing food to sit out
for more than 2 hours, livestock contact, inadequate toilet access,
and unsafe water use. However, because the number of positive
cases was small, these associations should be interpreted with cau-
tion. Although Firth’s Penalized Logistic Regression was applied
to minimize small sample bias, the limited number of infections
may still affect the statistical precision, robustness, and generaliz-
ability of the observed associations. Therefore, the identified risk
factors should be considered preliminary indicators rather than
definitive causal relationships. Beyond prevalence alone, these risk
factors show how NTS spreads through the local environment,
food system, and everyday conditions in Gondar City.

Table 2. Prevalence and risk factors of non-typhoid Salmonella in relation to food consumption, handling practices, water, sanitation, and
animal contact among 432 participants at public health facilities in Gondar city, northwest Ethiopia, 2024.

Risk factor category  Variable Total (n)  NTS positive (n, %)
Food handling Food left unrefrigerated >2 hrs 168 7 (4.2%) 0.014 Higher risk
Consumed leftovers 121 4 (3.3%) - Tested; low magnitude
Food consumption Raw fruits/vegetables 132 8 (6.1%) 0. 01 Higher risk
Other unspecified foods 168 3 (1.8%) = Low magnitude
Water source Unsafe water 67 3 (4.5%) 0.014 Higher risk
Safe piped water 365 9 (2.5%) 0.014 Lower risk
Animal contact Contact with cows 44 3 (6.8%) 0.002 Higher risk
Contact with both cows & chickens 36 2 (5.6%) - Low magnitude
Toilet and sanitation Open defecation 52 3 (5.8%) <0.001 Higher risk
Hand washing station near toilet 214 6 (2.8%) - Tested; moderate magnitude

Percentages represent non-typhoid Salmonella (NTS) positive cases per category. Associations were tested using Fisher’s exact test, with significant p-values in bold; results should be inter-

preted cautiously due to small sample sizes.

Table 3. Fisher’s Exact Test and Firth’s Logistic Regression Model analyses of risk factors associated with Sa/monella infection (n=432)

at public health facilities in Gondar city, northwest Ethiopia, 2024.

Variables Salmonella Status Yes (n) No (n) AOR (95% CI) )

Consumption of raw vegetables and fruit Positive 8 4 4.00 (1.41-16.15) 0.010
Negative 124 296

Allow food to sit out beyond 2 hours Positive 9 3 4.00 (1.31-18.46) 0.014
Negative 159 261

Livestock contact Positive 9 3 7.00 (1.91-26.90) 0.002
Negative 124 296

Open field defecation Positive 5 7 11.00 (3.55-38.29) 0.000
Negative 375 45

Access to clean water Positive 5 7 0.12 (0.04-0.39) 0.014
Negative 360 60

AOR, adjusted odds ratio; CI, confidence interval.
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In our study, consumption of raw fruits and vegetables showed
a significant association with NTS infections. Participants who ate
raw fruits and vegetables had a higher likelihood of contracting
NTS compared to those who did not consume them. Evidence from
Ethiopia shows that Salmonella can enter the food chain through
farm practices (Hailu et al., 2024), transport or market handling
(Degaga et al., 2022), or poor vendor hygiene (Zeynudin et al.,
2025). These findings were comparable in Ethiopia (Gazu ef al.,
2023), Hawasa, Ethiopia (Simion et al., 2024), Addis Ababa,
Ethiopia (Hailu et al., 2024), Ireland, Europe (Ehuwa et al., 2021),
and Tennessee, United States (Mukherjee et al., 2020). This aligns
with the current study, emphasizing fresh produce as a major expo-
sure route and that contamination can move along the pathway
from production through transport and market handling to the
point of sale.

In the current study, unsafe food handling practices such as
leaving food unrefrigerated for more than 2 hours were significant-
ly associated with NTS infections. Participants who left food unre-
frigerated for extended periods had a higher risk of acquiring NTS
compared to those who properly refrigerated their food.
Salmonella multiplies quickly at room temperature, and previous
Ethiopian studies show that proper refrigeration lowers contamina-
tion (Bedassa et al., 2023). This finding is consistent with a study
conducted in south Ethiopia (Hayamo et al., 2021), Dbre Markos
town (Dessale et al., 2023), South Africa (Mohamed and Habib,
2025), and Indonesia, Asia (Susanna et al., 2020). Along with raw
produce exposure, this denotes how household food handling can
add to risks already present in the supply chain.

This study found that frequent or direct contact with livestock
showed a significant association with NTS infections. Individuals
exposed to livestock were more likely to be infected with NTS than
those who had no such contact. Similar patterns have been reported
in Ethiopia, where close interaction with animals increased the risk
of infection (Beyene et al., 2024). Direct contact with animals was
also linked to Salmonella infection in other Ethiopian populations
(Mengistu et al., 2025), and milking and handling areas can also
act as ongoing reservoirs (Ayichew et al., 2024). Activities like
slaughtering or butchering increase risk (Taferel et al., 2025).
Evidence from Kenya shows that contamination in animals can
move along the value chain into retail meat (Gichuyia et al., 2023).
Similar results were reported in Kilimanjaro, Tanzania (Hugho et
al., 2024). This suggests that livestock and their environments can
transfer fecal bacteria to hands, surfaces, and food, making animal
contact a major pathway for NTS transmission.

As observed in this study, a lack of sanitation, such as defecat-
ing in open fields instead of using pit latrines, was significantly
linked to NTS infections. Individuals who practiced open defeca-
tion were at a greater risk of contracting NTS compared to those
who used pit latrines. Regional evidence shows that inadequate
sanitation and unimproved water sources contribute to environ-
mental reservoirs of Salmonella in water, soil, and wastewater
(Kebenei et al., 2025), while limited access to safe water allows
repeated fecal contamination of domestic supplies (Dekker et al.,
2018). This observation is in line with findings from a study con-
ducted in Guinea-Bissau and Senegal (Im et al., 2016), Kenya
(Okullo et al., 2017), Tanzania (Ngogo et al., 2020), Rwanda
(Nyamusore et al., 2018, Indonesia, Asia (Susanna et al., 2020),
and Iraq, the Middle East (Abdulhaleem et al., 2019). This specu-
lates how poor sanitation contributes to contamination of soil,
water, and domestic environments, sustaining ongoing exposure.

The current analysis revealed that access to clean water signif-
icantly reduced risk, underscoring the role of safe water in prevent-
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ing NTS transmission. Participants with dependable sources of
safe water were less likely to be infected with NTS than those lack-
ing such access. This result is consistent with findings from a study
in Debre Markos town, Ethiopia (Dessale et al., 2023), the south-
ern highland of Tanzania (Ngogo et al., 2020), Iraq, the Middle
East (Abdulhaleem et al., 2019), and a review on Salmonella in
water (United States of America) (Liu et al., 2018). This indicates
safe water not only reduces the risk of direct ingestion but also
lowers the chance of contaminating food, hands, and utensils dur-
ing preparation.

The findings highlight how NTS spreads through linked food-
related, animal, and environmental pathways, emphasizing the
need for interventions along the food chain. Consumption of raw
produce, unsafe food handling, livestock contact, and poor sanita-
tion contribute to ongoing exposure. These observations align with
evidence from Ethiopia and other countries showing contamina-
tion from farm practices, transport, market handling, and inade-
quate hygiene. Public health actions like better produce washing,
safe food handling, cold storage, market hygiene, access to clean
water, veterinary checks, and community education can help
reduce NTS in similar urban settings.

Limitations

The study was conducted only within the city and health insti-
tutions, which limits the generalizability. The lack of a diarrhea-
free control group in the outpatient setting may have led to under-
estimating NTS prevalence and exposure effects. Social desirabil-
ity bias may have caused participants to overreport hand washing,
potentially overstating its protective role. Information bias and
recall bias were also present, as parents reported on behalf of chil-
dren. Due to limited resources, NTS was identified only to the
species level without the use of molecular methods. Data collec-
tion occurred from June to August 2025; a period when seasonal
dietary habits and rising living costs likely reduced consumption of
high-risk foods like raw egg, milk, and meat, potentially lowering
exposure of participants in the study area. Relying on Fisher’s
exact test limits the strength and precision of the associations.

Conclusions

The prevalence of NTS among diarrhea patients attending
health institutions in Gondar city was relatively low, but several
preventable factors still contributed to infection. Significant pre-
dictors included consumption of raw vegetables, leaving food
unrefrigerated, livestock contact, poor sanitation, and lack of safe
water. The identified risk factor associations should be interpreted
cautiously, as they are preliminary due to the low number of NTS-
positive cases and require confirmation through larger, multi-site
studies. Recommendations should focus on integrated efforts
across the food chain, including improved hygiene during food
production, transport, marketing, and household handling, as well
as strengthening community awareness and safe food handling
practices. Regular NTS screening and safer interactions with live-
stock may help reduce the risk of NTS infection by promoting
safer practices among food operators and increasing awareness
among consumers.

References
Abate D, Assefa N, 2021. Prevalence and antimicrobial resistance

OPEN aACCESS



Article

patterns of Salmonella isolates in human stools and animal ori-
gin foods in Ethiopia: a systematic review and meta-analysis.
Int J Health Sci 15:43-55.

Abdulhaleem N, Garba B, Younis H, Mahmuda A, Hamat RA,
Majid RBA, Lung LTT, Unyah NZ, Sattar A, Saidu B, 2019.
Current trend on the economic and public health significance
of salmonellosis in Iraq. Adv Anim Vet Sci 7:484-91.

Amare A, Asnakew F, Asressie Y, Guadie E, Tirusew A, Muluneh
S, Awoke A, Assefa M, Ferede W, Getaneh A, Lemma M,
2024. Prevalence of multidrug resistance Salmonella species
isolated from clinical specimens at University of Gondar com-
prehensive specialized hospital Northwest Ethiopia: a retro-
spective study. PLoS One 19:¢0301697.

Azanaw A, Setegn E, Ayenew A, Desie K, Wondwossen A, Feleke
M, 2024. Prevalence of Salmonella spp., Shigella spp., and
intestinal parasites among food handlers working in University
of Gondar student’s cafeteria, Northwest Ethiopia. Front
Public Health 12:1370338.

Balasubramanian R, Im J, Lee JS, Jeon HJ, Mogeni OD, Kim JH,
Rakotozandrindrainy R, Baker S, Marks F, 2019. The global
burden and epidemiology of invasive non-typhoidal
Salmonella infections. Hum Vaccin Immunother 15:1421-6.

Bedassa A, Nahusenay H, Asefa Z, Sisay T, Girmay G, Kovac J,
Vipham JL, Zewdu A, 2023. Prevalence and associated risk
factors for Salmonella enterica contamination of cow milk and
cottage cheese in Ethiopia. Int J] Food Contam 10:2.

Beyene AM, Alemie Y, Gizachew M, Yousef AE, Dessalegn B,
Bitew AB, Alemu A, Gobena W, Christian K, Gelaw B, 2024.
Serovars, virulence factors, and antimicrobial resistance pro-
file of non-typhoidal Salmonella in the human-dairy interface
in Northwest Ethiopia: a one health approach. PLoS Negl Trop
Dis 18:¢0012646.

Beyene G, Nair S, Asrat D, Mengistu Y, Engers H, Wain J, 2010.
Multidrug resistant Salmonella Concord is a major cause of
salmonellosis in children in Ethiopia. J Infect Dev Ctries 5:23-
33.

Cheni J, Ed-Dra A, Zhou H, Wu B, Zhang Y, Yue M, 2022.
Antimicrobial resistance and genomic investigation of non-
typhoidal Salmonella isolated from outpatients in Shaoxing
city, China. Front Public Health 10:988317.

Cuco A, Mkupasi E, Mzula A, Mdegela R, 2024. Non-typhoidal
Salmonella contributes to gastrointestinal infections in
Morogoro: Evidence from patients attending Morogoro
regional referral hospital in Tanzania. PLoS Negl Trop Dis
18:¢0012249.

Cuypers WL, Meysman P, Weill FX, Hendriksen RS, Beyene G,
Wain J, Nair S, Chattaway MA, Perez-Sepulveda BM,
Ceyssens PJ, de Block T, Lee WWY, Pardos de la Gandara M,
Kornschober C, Moran-Gilad J, Veldman KT, Cormican M,
Torpdahl M, Fields PI, Cerny T, Hardy L, Tack B, Mellor KC,
Thomson N, Dougan G, Deborggraeve S, Jacobs J, Laukens K,
Van Puyvelde S, 2023. A global genomic analysis of
Salmonella Concord reveals lineages with high antimicrobial
resistance in Ethiopia. Nat Commun 14:3517.

Degaga B, Sebsibe I, Belete T, Asmamaw A, 2022. Microbial
Quality and Safety of Raw Vegetables of Fiche Town, Oromia,
Ethiopia. J Environ Public Health 2022:2556858.

Dessale M, Mengist H, Mengistu G, 2023. Prevalence, antimicro-
bial resistance pattern, and associated factors of Salmonella
and Shigella among under five diarrheic children attending
public health facilities in Debre Markos town, northwest
Ethiopia. Front Public Health 112:1114223.

OPEN aACCESS

Diab MS, Thabet AS, Elsalam MA, Ewida RM, Sotohy SA, 2023.
Detection of virulence and B-lactamase resistance genes of
non-typhoidal Salmonella isolates from human and animal ori-
gin in Egypt “one health concern”. Gut Pathog 15:16.

Ehuwa O, Jaiswal AK, Jaiswal S, 2021. Salmonella, food safety
and food handling practices. Foods 10:907.

Ejo M, Garedew L, Alebachew Z, Worku W, 2016. Prevalence and
antimicrobial resistance of Salmonella isolated from animal-
origin food items in Gondar, Ethiopia. Biomed Res Int
2016:4290506.

Elhadi N, Aljindan R, Aljeldah M, 2013. Prevalence of nonty-
phoidal Salmonella serogroups and their antimicrobial resis-
tance patterns in a university teaching hospital in Eastern
Province of Saudi Arabia. Infect Drug Resist 6:199-205.

Garedew L, Solomon S, Worku Y, Worku H, Gemeda D, Lelissa G,
Mamuye Y, Abubeker R, Mihret A, Fentaw S, Worku A, Bahiru
M, Erenso G, 2018. Diagnosis and Treatment of human
salmonellosis in Addis Ababa City, Ethiopia. BioMed Res Int
2018;6406405.

Gazu L, Alonso S, Mutua F, Roesel K, Lindahl JF, Amenu K,
Sousa FM, Ulrich P, Guadu T, Dione M, Ilboudo G, Knight-
Jones T, Grace D, 2023. Foodborne disease hazards and burden
in Ethiopia: A systematic literature review, 1990-2019. Front
Sustain Food Syst 7:1058977.

Hailu W, Alemayehu H, Wolde D, Hailu L, Medhin G, Rajashekara
G, Gebreye WA, Eguale T, 2024. Prevalence and antimicrobial
susceptibility profile of Salmonella isolated from vegetable
farms fertilized with animal manure in Addis Ababa Ethiopia.
Sci Rep 14:19169.

Hayamo M, Alemaychu T, Tadesse B, Mitiku E, Bedawi Z, 2021.
Magnitude, risk factors and antimicrobial susceptibility pattern
of Shigella and Salmonella, among children with diarrhea in
Southern Ethiopia: a Cross-sectional Study. SAGE Open Med
9:20503121211009729.

He Y, Wang J, Zhang R, Chen L, Zhang H, Qi X, Chen J, 2023.
Epidemiology of foodborne diseases caused by Salmonella in
Zhejiang Province, China, between 2010 and 2021. Front
Public Health 11:1127925.

Hugho EA, Mmbaga BT, Lukambagire AHS, Kinabo GD, Thomas
KM, Kumburu HH, Hald T, 2024. Risk factors for salmonella
infection in children under five years: a hospital-based study in
Kilimanjaro Region, Tanzania. Pathogens 13:798.

Im J, Nichols C, Bjerregaard-Andersen M, Sow AG, Lofberg S,
Tall A, Pak GD, Aaby P, Baker S, Clemens JD, Cruz Espinoza
LM, Konings F, May J, Monteiro M, Niang A, Panzner U, Park
SE, Schiitt-Gerowitt H, Wierzba TF, Marks F, von Kalckreuth
V, 2016. Prevalence of Salmonella excretion in stool: a com-
munity survey in 2 sites, Guinea-Bissau and Senegal. Clin
Infect Dis 62:S50-5.

Johnson R, Mylona E, Frankel G, 2018. Typhoidal Salmonella:
distinctive virulence factors and pathogenesis. Cell Microbiol
20:¢12939.

Kahsay AG, Dejene TA, Kassaye E, 2023. A systematic review on
prevalence, serotypes and antibiotic resistance of Salmonella
in Ethiopia, 2010-2022. Infect Drug Resist 16:6703-15.

Kebede R, Alemayehu H, Medhin G, Eguale T, 2021.
Nontyphoidal Salmonella and their antimicrobial susceptibility
among diarrheic patients attending private hospitals in Addis
Ababa, Ethiopia. Biomed Res Int 2021:6177741.

Kim KG, Jung J, Shin JH, Park HJ, Kim MJ, Seo JJ, Kim YO, Lee
SY, Cho CY, Kim TS, 2022. Trends in ESBLs and PABLs
among enteric Salmonella isolates from children in Gwangju,

[Italian Journal of Food Safety 2026; 15:14586]



Article

Korea: 2014-2018. J Microbiol Immunol Infect 55:199-206.

Kivali V, Roesel K, Dohoo I, Alinaitwe L, Bugeza JK, Hoona JJ,
Rwabiita Mugizi D, Kankya C, Dang-Xuan S, Szabo I, Rosler
U, Friese A, Cook EAJ, 2024. Non-typhoidal Salmonella
among slaughterhouse workers and in the pork value chain in
selected districts of Uganda. Front Vet Sci 11:1427773.

Kumar G, Kumar S, Dutta J, Shidiki A, Jangid H, 2025. The rise
of non-typhoidal Salmonella: an emerging global public health
concern. Front Microbiol 16:1524287.

Lamichhane B, Mawad AMM, Saleh M, Kelley WG, Harrington
PJ 2nd, Lovestad CW, Amezcua J, Sarhan MM, El Zowalaty
ME, Ramadan H, Morgan M, Helmy YA, 2024. Salmonellosis:
an overview of epidemiology, pathogenesis, and innovative
approaches to mitigate the antimicrobial resistant infections.
Antibiotics 13:76.

Liu H, Whitehouse CA, Li B, 2018. Presence and persistence of
Salmonella in water: the impact on microbial quality of water
and food safety. Front Public Health 6:159.

Liu M, Zhu K, Li X, Han Y, Yang C, Liu H, Du X, Xu X, Yang H,
Song H, Qiu S, Xiang Y, 2023. Genetic characterization of a
Salmonella enterica serovar Typhimurium isolated from an
infant with concurrent resistance to ceftriaxone, ciprofloxacin
and azithromycin. J Glob Antimicrob Resist 35:252-6.

Marks F, von Kalckreuth V, Aaby P, Adu-Sarkodie Y, El Tayeb
MA, Ali M, Aseffa A, Baker S, Biggs HM, Bjerregaard-
Andersen M, Breiman RF, Campbell JI, Cosmas L, Crump JA,
Cruz Espinoza LM, Deerin JF, Dekker DM, Fields BS,
Gasmelseed N, Hertz JT, Van Minh Hoang N, Im J, Jaeger A,
Jeon HJ, Parfait Kabore L, Keddy KH, Konings F, Krumkamp
R, Ley B, Valborg Lofberg S, May J, Meyer CG, Mintz ED,
Montgomery JM, Niang AA, Nichols C, Olack B, Pak GD,
Panzner U, Park JK, Park SE, Rabezanahary H,
Rakotozandrindrainy R, Raminosoa TM, Razafindrabe TJL,
Sampo E, Schiitt-Gerowitt H, Sow AG, Sarpong N, Seo HJ,
Sooka A, Bassiahi Soura A, Tall A, Teferi M, Thriemer K,
Warren MR, Yeshitela B, Clemens JD, Wierzba TF, 2017.
Incidence of invasive salmonella disease in sub-Saharan
Africa: a multicentre population-based surveillance study.
Lancet Glob Health 5:e310-23.

Mengistu G, Dejenu G, Tesema C, Arega B, Awoke T, Alemu K,
Moges F, 2020. Epidemiology of streptomycin resistant
Salmonella from humans and animals in Ethiopia: a systematic
review and meta-analysis. PLoS One 15:¢0244057.

Mohamed MYI, Habib I, 2025. Virulence gene landscapes of
Salmonella in eastern and southern Africa. Front Microbiol
16:1631550.

Mukherjee N, Nolan VG, Dunn JR, Banerjee P, 2020. Exposures
associated with non-typhoidal salmonella infections caused by
Newport, Javiana, and Mississippi Serotypes in Tennessee,
2013-2015: a case-case analysis. Pathogens 9:78.

Muthumbi EM, Mwanzu A, Mbae C, Bigogo G, Karani A,
Mwarumba S, Verani JR, Kariuki S, Scott JAG, 2023. The epi-
demiology of fecal carriage of nontyphoidal Salmonella
among healthy children and adults in three sites in Kenya.
PLoS Negl Trop Dis 17:¢0011716.

Ngogo FA, Joachim A, Abade AM, Rumisha SF, Mizinduko MM,
Majigo MV, 2020. Factors associated with Salmonella infec-
tion in patients with gastrointestinal complaints seeking health
care at Regional Hospital in Southern Highland of Tanzania.
BMC Infect Dis 20:135.

Nikiema MEM, Pardos de la Gandara M, Compaore KAM, Ky Ba

[Italian Journal of Food Safety 2026; 15:14586]

A, Soro KD, Nikiema PA, Barro N, Sangare L, Weill FX, 2021.
Contamination of street food with multidrug-resistant
Salmonella, in Ouagadougou, Burkina Faso. PLoS One
16:¢0253312.

Okullo JO, Moturi WN, Ogendi GM, 2017. Open defaecation and
its effects on the bacteriological quality of drinking water
sources in Isiolo county, Kenya. Environ Health Insights
11:1178630217735539.

Peter SK, Mutiso JM, Ngetich M, Mbae C, Kariuki S, 2023.
Seroprevalence of non-typhoidal Salmonella disease and asso-
ciated factors in children in Mukuru settlement in Nairobi
County, Kenya. PLoS One 18:¢0288015.

Petrin S, Orsini M, Massaro A, Olsen JE, Barco L, Losasso C,
2023. Phenotypic and genotypic antimicrobial resistance cor-
relation and plasmid characterization in Salmonella spp. iso-
lates from Italy reveal high heterogeneity among serovars.
Front Public Health 11:1221351.

Siddiky NA, Sarker S, Kafi A, Samad MA, 2022. Virulence and
antimicrobial resistance profile of non-typhoidal Salmonella
enterica serovars recovered from poultry processing environ-
ments at wet markets in Dhaka, Bangladesh. PLoS One
17:¢0254465.

Simion T, Abate A, Alemayehu T, Ali MM, 2024. Prevalence of
Salmonella Typhi, its associated factors and antimicrobial sus-
ceptibility profile among patients attending Hawassa
University Comprehensive Specialized Hospital, Hawassa,
Ethiopia. BMC Infect Dis 24:1224.

Suhas S, Manjunatha N, Kumar CN, Benegal V, Rao GN, Varghese
M, Gururaj G, 2023. Firth’s penalized logistic regression: a
superior approach for analysis of data from India’s National
Mental Health Survey, 2016. Indian J Psychiatry 65:1208-13.

Susanna D, Purwanisari E, Ratih SP, 2020. Salmonella infection
among food handlers at canteens in a campus. Open Microbiol
J 14:213-7.

Teshale AM, Abegaz WE, Azmeraye BM, Degefaw D, LaPolt D,
Bonger Z, Kalayu AA, Tigabu E, Gazu L, Yimer G, Abate E,
Tsige E, Tasew G, Dessie Y, Biks G, Barkley JA, Garsow AV,
Beckiewicz A, Alonso S, Kowalcyk B, 2025. Prevalence of
Shiga toxin-producing Escherichia coli, Salmonella, and
Campylobacter species among diarrheal patients from three
major hospitals in Ethiopia. PLOS Glob Public Health
5:e0004407.

Woh PY, Yeung MPS, Goggins WB, Lo N, Wong KT, Chow V,
Chau KY, Fung K, Chen Z, Ip M, 2021. Genomic epidemiolo-
gy of multidrug-resistant nontyphoidal Salmonella in young
children hospitalized for gastroenteritis. Microbiol Spectr 9:1-
10.

Zeynudin A, Degefa T, Belay T, Mumicha JB, Husen A, Yasin J,
Abamecha A, Wieser A, Abayneh M, 2025. Detections of
antimicrobial resistance phenotypes and extended-spectrum
beta-lactamase (ESBL)- producing Salmonella spps and
Escherichia coli O157:H7 in raw vegetables and fruits from
open markets in Jimma town, Ethiopia and evaluation of
hygiene and handling practices of vendors. One Health
Outlook 7:2.

Zhang J, Peng Z, Chen K, Zhan Z, Shen H, Feng S, Gou H, Qu X,
Ziemann M, Layton DS, Wang X, Chen H, Wu B, Xu X, Liao
M, 2023. Genomic characterization of Salmonella enterica
serovar Weltevreden associated with human diarrhea.
Microbiol Spectr 11:¢0354222.

OPEN aACCESS



Article

Online supplementary material:
Supplementary Table 1. Prevalence and risk factors of non-typhoid Sa/monella in relation to food consumption, handling practices, eating locations, water,
sanitation, and animal contact among 432 participants at public health facilities in Gondar City, northwest Ethiopia, 2024.

Received: 17 October 2025; Accepted: 8 January 2026; Early view: 9 February 2026.

Contributions: Marew Alemnew: conceptualization, data management, analysis and drafting. Aschalew Gelaw: methodology. Aschalew Gelaw, Nega
Berhane, supervision, validation, visualization, and editing.

Conlflict of interest: the study was carried out without any commercial or financial affiliation that might be seen as a potential conflict of interest.

Ethics approval and consent to participate: ethical approval was obtained from the University of Gondar IRB (Ref. No. VP/RC/05/53/2025, May 30, 2025)
and permission from relevant health facilities. The study followed local and institutional guidelines. Informed consent was secured after explaining the
study’s purpose, ensuring voluntary participation, and the right to withdraw. Participant privacy and confidentiality were fully maintained.

Auvailability of data and materials: the data supporting these research findings are included in the article. Additional information is available from the cor-
responding author upon request.

Acknowledgments: the authors sincerely thank the University of Gondar and its Comprehensive Specialized Teaching Hospital for their academic support
and resources. Appreciation is extended to the Department of Medical Biotechnology, Institute of Biotechnology and all individuals who contributed to this
study, including participants, data collectors, and laboratory assistance in the microbiology laboratory investigation team in university of Gondar. Special
gratitude goes to the health facility technicians for their assistance in data collection.

Publisher's note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher; the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is
not guaranteed or endorsed by the publisher.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

OPEN aAccess [Italian Journal of Food Safety 2026; 15:14586]



