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Abstract

Aim: Foodborne non-typhoidal Salmonella (NTS) infections are a major global health issue, frequently
linked to animal source foods. However, there is limited data on NTS prevalence, distribution, and serotype
diversity in common animal products and related food in Ghana. This study investigated the prevalence and
serotype diversity of NTS in animal source foods, ready-to-eat (RTE) food, and animal fecal samples across
six districts in the Greater Accra Region of Ghana.

Methods: A total of 696 samples were randomly collected from selected markets across the districts. These
included unprocessed animal products: beef (16), chicken (21), eggs (185), and raw cow milk (40).
Additionally, 50 samples of RTE street foods and 36 samples of locally produced soft cheese (“wagashie”)
were obtained from vendors. Fecal samples consisted of chicken droppings (70) and pig feces (138), which
were purposively collected from 11 poultry farms and two pig slaughter facilities in the region.
Furthermore, 140 pork samples were purposively collected from the slaughter facilities. Standard
microbiological methods, including pre-enrichment, selective enrichment, and plating on selective media,
were used for Salmonella species isolation, with identification confirmed by matrix-assisted laser
desorption ionization time-of-flight mass spectrometry. Serotyping followed the White-Kauffman Le-Minor
classification scheme.

Results: Overall, 26 Salmonella isolates were recovered (3.7%). Prevalence was significantly higher in
animal source foods (5.71%; 25/438) compared to fecal samples (0.4%; 1/208) (p = 0.0026). Salmonella
contamination was highest in raw pork (13.6%), followed by “wagashie” (5.5%) and raw milk (5%). Nine
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distinct serotypes were identified. Among them, Salmonella Typhimurium was the most prevalent,
accounting for 40.9%, followed by Salmonella Kaapstad at 13.6%. Additionally, pork samples contained
seven of these serotypes.

Conclusions: These findings highlight a potential risk posed by NTS in commonly consumed animal source
foods in Greater Accra and emphasize the need for targeted interventions to control contamination,
particularly in pork products.
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Introduction

Non-typhoidal Salmonella (NTS) is a predominant etiological agent of foodborne disease globally,
contributing substantially to public health challenges and economic losses [1]. Globally, NTS is responsible
for 93.8 million cases of foodborne illness each year, with an estimated 94% of salmonellosis cases
attributed to contaminated food [2]. Unlike typhoidal strains, which are primarily associated with systemic
infections in humans, NTS encompasses a diverse group of Salmonella enterica serotypes that cause self-
limiting gastroenteritis but can also lead to invasive disease, particularly in vulnerable populations [3].

The primary reservoirs for NTS are animals, and transmission to humans occurs mainly through
consumption of raw or contaminated food of animal origin, such as poultry, beef, pork, eggs, and dairy
products [2, 4]. However, person-to-person contact, contact with pets, rodents, and amphibians, and
environmental exposures have been reported [5-7].

The diversity of NTS serotypes is remarkable, with S. Typhimurium and S. Enteritidis being among the
most prevalent worldwide [8]. In Africa, S. Typhimurium is the predominant strain, commonly associated
with beef and poultry, whereas S. Enteritidis is more frequently linked to chicken and egg products. Other
serotypes, such as S. Infantis, S. Newport, S. Dublin, S. Heidelberg, and S. Weltevreden, contribute
significantly to the global burden of NTS, each exhibiting unique geographic and food source associations
[2]. There is a significant knowledge gap regarding the distribution of Salmonella serotypes in Ghana,
primarily due to limitations in serotyping capabilities. Consequently, most studies only identify Salmonella
isolates at the species level, leaving detailed strain information largely unexplored.

In Africa, the burden of NTS is disproportionately higher compared to other regions, reflecting
challenges in food safety, surveillance, and public health infrastructure [9]. A systematic review and meta-
analysis covering 27 African countries highlight the widespread prevalence of NTS in food animals and
animal-derived products, particularly in poultry, cattle and pigs, which are major sources of protein in
many African diets [10]. The intensification of commercial meat production in Africa, while offering
economic benefits, also increases the risk of foodborne outbreaks if food safety practices are not adequately
enforced.

NTS remains a significant but underreported food safety issue in Ghana. Salmonella serotypes have
been isolated from a variety of food sources, including beef, raw cow milk, poultry, and vegetables [4, 11].
Studies have reported Salmonella prevalence rates ranging from 1% to as high as 73% in different food
matrices, with the highest rates observed in ready-to-eat (RTE) salads and raw animal products [11].
However, the true burden of NTS in Ghana is likely underestimated due to limited surveillance systems and
underreporting of foodborne disease outbreaks [4, 11]. A substantial proportion of Ghanaians obtain meat
from local open-air markets, where butchers and vendors display fresh meat under ambient conditions.
This practice often results in prolonged exposure of meat to environmental contaminants and microbial
agents. These markets are often central to the local economy and a place where people can find various
goods and services. Market-based surveillance of food products for Salmonella is ideal for the identification
of potential sources of contamination and tracking the prevalence of different Salmonella serotypes.
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Continuous integrated surveillance of Salmonella serotypes using a One Health approach between
animals and environment is vital for risk assessment, outbreak identification, tracking regional trends, and
formulating targeted interventions [12]. Collectively, this information enhances the effectiveness of food
safety and public health strategies, thus contributing to a reduction in the incidence of Salmonella infections
within affected communities in the country. The study sought to determine the prevalence and distribution
of Salmonella serotypes in various animal-source food and products, RTE foods that contained animal
products, as well as fecal samples from informal markets, farm environments and slaughter facilities within
selected districts in Accra, Ghana to provide a baseline data on the Salmonella serotypes.

Materials and methods
Study sites

This study was conducted across nine selected markets, 11 livestock farms, and 2 slaughter facilities in six
Metropolitan, Municipal and District assemblies (MMDAs) in the Greater Accra Region of Ghana, namely:
Accra Metropolitan Assembly (AMA-Kaneshie and Agbogbloshie market), Ayawaso Central Municipal
Assembly (Mallam Atta market), Weija/Gbawe Municipal Assembly (Gbawe slaughterhouse), La
Nkwantanang Madina Municipal Assembly (LaNMMA), Shai-Osudoku (Asutsuare and Akuse markets), and
Ningo-Prampram Districts (Tsopoli and Ningo Ahwiam market) (Figure 1). The Municipal Assemblies were
chosen based on the popularity of the market, population density, and foodborne disease outbreak reports
where these districts recorded a significant number of cholera and other diarrhoea cases [13].

STUDY AREA MAP
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Figure 1. Map of the Greater Accra Region, indicating the selected markets, farms, and slaughter sites where samples
were collected. Source of map: University of Ghana.

Study design and sample collection

The study was cross-sectional and included microbiological analysis of food and fecal samples. Samples of
unprocessed animal source foods (beef, pork, chicken, eggs, raw cow milk), locally produced soft cheese
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referred to as ‘wagashie’ and RTE street food containing animal products were sampled from various
market vendors. Fecal samples were collected from poultry farm environments and pig slaughter facilities
in the Greater Accra Region of Ghana.

Six hundred and ninety-six (696) food and fecal samples were collected between January 2020 and
June 2022. Sample size was calculated to estimate the prevalence of Salmonella with 95% confidence and a
margin of error of + 5%, using the Cochran formula; n = Zp(1 - p)/d?, (Z = 1.96, d = 0.05). In the absence of
directly comparable prevalence for animal-sourced foods in the study area, we used a previously reported
prevalence of 44% [14], which sampled chicken and farm environments, as the best available estimate. This
yielded an initial required sample size of 379. To account for the clustered sampling design (assumed
design effect = 1.5) and an anticipated 10% sample loss, the final target sample size was increased to 696.
Per the sampling plan of Ghana Standards Authority (GSA) microbiological criteria for food sampling, which
is accredited to the International Organization for Standardization (ISO) and the International
Electrotechnical Commission, ISO/IEC 17025 [15], at least five sample units were collected from each site.
Unprocessed animal source food included beef (16), pork (140), chicken (21), egg (185), and raw cow milk
(40). A total of 50 RTE street foods including mixed vegetable and meat salad, locally made millet porridges
served with milk or fried “wagashie”, noodles with fried or boiled egg, packaged food such as chicken, beef,
fish wrap, sandwiches, waakye (cooked rice with beans and served with meat), and jollof rice (cooked rice
in tomato stew with species and meat) as well as “wagashie” (36) were purchased from randomly selected
vendors. Fecal samples consisting of chicken droppings (70) and pig feces (138) were collected from 11
poultry farms and two slaughter facilities, respectively.

The composite fecal grab method was used to collect chicken fecal samples. For caged birds,
approximately 10 g of fresh feces from a cage housing 10-15 birds were pooled using gloved hands into a
sterile 50 mL Falcon tube and labeled. For floor-reared chickens, individual droppings were collected from
multiple locations using a sterile cotton swab, pooled, and labeled accordingly. Approximately 5 g of pig
fecal matter were aseptically collected from the rectum using a sterile swab immediately after the intestinal
tract was opened post-slaughter. All food and fecal samples were transported in cold boxes to the
Department of Bacteriology of the Noguchi Memorial Institute for Medical Research, University of Ghana,
for microbiological analysis.

Samples were cultured on standard microbiological media to isolate and identify Salmonella spp. The
specific laboratory procedures performed were pre-enrichment, enrichment, and culture on selective agar.
Identification of Salmonella spp. was done using the matrix-assisted laser desorption ionization time-of-
flight (MALDI-ToF) mass spectrometry. Serotyping of isolates was conducted to determine the serotypes of
Salmonella identified.

Culture and identification

Pre-enrichment and selective enrichment cultures, and isolation of Salmonella were performed following
[SO 6579: 2017 protocol. Briefly, 25 g of solid samples, such as meat and vegetables, and 25 mL of raw milk
were homogenized in 225 mL sterile buffered peptone water (BPW) (Oxoid, Basingstoke, Hampshire, UK,
CM1049) using a stomacher (Enizer 400) for 3 minutes. A pool of five eggs was collected into a sterile
stomacher bag and washed gently with 225 mL of BPW to obtain a homogenate. For fecal samples, swabs
were inserted into 9 mL of selenite fecal broth (Oxoid, CM0395). The homogenate and broth were
incubated at 37 + 1°C for 18 to 24 hours to obtain pre-enriched cultures. A 100 pL loopful of the enriched
culture was transferred to 10 mL Modified Semi solid Rappaport Vassiliades (MSRV) agar, and 10 pL
selective Miiller-Kauffmann tetrathionate novobiocin enrichment broth (MKTTn) (Oxoid, CM0343)
supplemented with iodine iodide and incubated at 40.5-42.5°C and 37°C for 24 h, respectively. A ten (10)
uL loopful of the enrichment broth was streaked on Xylose Lysine Deoxycholate (XLD) agar (Oxoid,
CMO0469) and incubated at 37°C for 24 h.

Approximately four to five distinct presumptive Salmonella colonies, exhibiting a slightly transparent
red halo with a black center surrounded by a pink-red zone, observed on each XLD agar plate, were
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identified. These colonies were then streaked onto nutrient agar (Oxoid, CM0003) and incubated for 24
hours at 37 + 1°C to obtain pure isolates. The urease test was conducted on all pure isolates by inoculating
five well-isolated colonies of presumptive Salmonella into urea broth (HiMedia, Kennett Square, PA, USA,
M111) and incubating at 37 + 1°C for 24 hours. All isolates that displayed a negative urease reaction were
selected for confirmation using MALDI-TOF.

Confirmation of presumptive Salmonella isolates using MALDI-ToF mass spectrometry

Fresh overnight pure colonies of presumptive Salmonella isolates, obtained by subculturing on Nutrient
Agar and incubating at 37 + 1°C, were used for MALDI-ToF identification. Briefly, a single colony from each
isolate was applied directly to a MALDI-ToF target plate (MSP 96 polished steel plate) using a sterile
wooden applicator. The sample was allowed to air-dry for approximately 10 minutes, after which 1 pL of
matrix solution (10 mg/mL a-cyano-4-hydroxycinnamic acid, CHCA) was overlaid and allowed to air-dry
again. The prepared target plate was then inserted into the MALDI-ToF vacuum chamber (Bruker, Biotyper
3.1 software, Germany), where the charge-to-mass ratio of ribosomal proteins was measured to generate a
unique spectral profile. The resulting spectra were compared against a reference database to predict isolate
identification. Results were interpreted according to the manufacturers’ guidelines: a score = 2.3 indicated a
reliable species-level identification, 2.0-2.29 indicated a probable species-level identification, 1.7-1.9
indicated a probable genus-level identification, and a score < 1.7 was considered unreliable.

Serotyping of NTS isolates

All identified Salmonella isolates were serotyped using the conventional slide agglutination method [16].
Commercial polyvalent antisera O, Vi, and monovalent antisera A, B, C1, C2, D, E (Denka Seiken, Tokyo,
Japan) were used to group the isolate and confirm NTS.

O antigen detection

Two homologous suspensions were made, one test and one control, by suspending a pure isolate and the
control strain in a drop of sterile physiological saline on a slide. O antisera was added to each, rocked gently
for a minute, and examined for agglutination. A positive reaction was observed within a minute on the
control slide, which was then used to confirm the test slide results. A delayed or partial agglutination was
considered negative. Fresh Salmonella isolates, cultured overnight on Luria Bertani (LB) Agar (Oxoid,
CM1018) at 37°C, were used for serotyping, with S. Typhimurium ATCC 14028 serving as a positive control.

H antigen detection

The H antigen for flagella was determined as follows: All positive polyvalent O Salmonella isolates were
tested for polyvalent H phase 1 and phase 2 antigens by Slide agglutination. Phase 1H and 2H antigens were
detected using Salmonella polyvalent antiserum A-G and phase inversion (SG1 to SG6) (BIO-RAD, USA).
Slide agglutination was performed using the same procedure described for O antigen testing. Isolates that
tested positive for any of the polyvalent antiserum (A-G) were tested again with individual monovalent H
antiserum. After phase 1 testing to identify the H antigen, a phase inversion was performed to allow the
organism to express the dominant H phase and grow in phase 2 [16].

Isolates that exhibited agglutination with monovalent H antisera underwent phase inversion using the
Sven Gard method. This involved adding phase inversion antisera to molten swarm agar in sterile Petri
dishes, inoculating a colony at the center, and incubating at 37°C for 24 hours. Strains that displayed
swarming were selected for phase 2 testing, which involved a slide agglutination test with cultures from the
Swarm Agar periphery using phase 1 H polyvalent antisera. Isolates that did not agglutinate indicated a
single phase, while those that did were further defined using specific monovalent antisera. Serotypes were
assigned with reference to the Kauffman-White catalog [16].

Data analysis

Data was analyzed using Microsoft Excel 16 and Statistical Package for Social Sciences (SPSS, Version 18).
Graphs were drawn using charts. Frequency of Salmonella spp. isolation between sample types was
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compared using Chi-square test. Differences in the proportion of samples positive for Salmonella spp., or
Salmonella serotype per food type, or between districts were compared using a 95% confidence interval,
and P-values < 0.05 were considered statistically significant.

Results
Prevalence of Salmonella spp. in food and fecal samples

A total of 26 Salmonella spp. were isolated from the 696 samples, representing an overall prevalence of
3.7% (p = 0.0374). A significantly higher prevalence of 5.71% (25/438) was observed in animal-source
food (p = 0.0026) compared to 0.4% (1/208) observed in fecal samples. Among samples that were positive
for Salmonella, the highest prevalence was observed in fresh pork (73.1%, 19/26), followed by raw milk,
“wagashie” and egg (7.7%, 2/26 each). Similarly, among the animal-source foods, fresh pork recorded the

highest prevalence of 13.6%. No Salmonella sp. was isolated from RTE, beef, raw chicken, and chicken feces
(Table 1).

Table 1. Salmonella spp. isolated from food and fecal samples.

Sample Specimen type Number of Number of samples positive for p-value (within
samples Salmonella groups)
n (%)
Food of animal  Raw cow milk 40 2 (5) 0.0026 (x* =
origin Wagashie (local cottage cheese) 36 2 (5.5) 11.616)
Eggs 185 2(1.1)
Pork 140 19 (13.6)
Beef 16 0
Chicken 21 0
RTE Vegetable salad, grilled meat, rice 50 0
meals, etc
Animal faeces Chicken 70 0 0.0046 (x* =
Pig 138 1(0.72) 6.650)
Total 696 26 (3.7%)

)(2: Chi square score; RTE: ready-to-eat.

Salmonella spp. were isolated from samples from four out of the six districts surveyed in this study.
These districts included the LaNMMA, Accra Metropolitan Area, Weija/Gbawe (all more urban), and Shai
Osudoku (more rural). The prevalence was 42.3% in Weija/Gbawe, 34.6% in the Accra Metropolitan Area,
15.4% in Shai Osudoku, and 7.7% in LaNMMA (Figure 2). Notably, no Salmonella were isolated from
samples collected from the Ayawaso Central (highly urbanized) and Ningo-Prampram (rural district that is
undergoing rapid urban expansion).

Salmonella serotype diversity and distribution

Of the 26 Salmonella isolates recovered, three isolates from pork and one from pig fecal samples were non-
typeable. Among 22 typeable isolates, nine distinct serotypes were identified (Table 2). Majority of isolates
belonged to serogroup B (63.6%, 14/22). Within this group, S. Typhimurium (40.9%), S. Kaapstad (13.6%),
S. Reading (4.5%), and S. Teddington (4.5%) were detected. Serogroups C1 and G each accounted for 4.5%
of isolates, represented by S. Virchow and S. Poona, respectively. Serogroups C2, D, and I each constituted
9.1% of isolates, comprising S. Hadar, S. Enteritidis, and S. Gaminara, respectively. Seven serotypes,
including S. Typhimurium (8 isolates), S. Kaapstad (1), S. Gaminara (2), S. Virchow (1), S. Teddington (1), S.
Hadar (2), and S. Poona (1), were detected from pork samples compared to two serotypes each: S. Kaapstad
and S. Reading in raw milk, S. Kaapstad and S. Typhimurium in ‘wagashie’ and one serotype S. Enteritidis in
raw table eggs (Table 2).
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Prevalence of Salmonella in the selected districts
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Figure 2. Prevalence of Salmonelia spp. in samples from the six districts in the Greater Accra Region. LaNMMA: La
Nkwantanang Madina Municipal Assembly; AMA: Accra Metropolitan Area.

Table 2. Serotype diversity and distribution of non-typhoidal Salmonella in animal source food/products.

Serogroup Serotype Antigenic formula Source

Cow milk Wagashie Egg Pork Total

B S. Typhimurium 4:i:1,2 0 1 0 8 9 (40.9%)

S. Kaapstad 4:e,h:1,7 1 1 0 1 3 (13.6%)

S. Reading 4:e,h:1,5 1 0 0 0 1(4.5%)

S. Teddington 4:y:1,7 0 0 0 1 1 (4.5%)
C1 S. Virchow 71,2 0 0 0 1 1 (4.5%)
Cc2 S. Hadar 8:z10:e,n 0 0 0 2 2 (9.1%)
D S. Enteritidis 9:g,m 0 0 2 0 2(9.1%)
G S. Poona 13:z:1,6 0 0 0 1 1(4.5%)
| S. Gaminara 16:d:1,7 0 0 0 2 2 (9.1%)
Total 2 2 2 16 22

Diversity of NTS across districts

[solates recovered from samples collected from the Weija/Gbawe district had the highest diversity of five
out of the nine serotypes identified: S. Gaminara, S. Typhimurium, S. Hadar, S. Kaapstad, and S. Poona. This
was followed by the Accra Metropolitan Area, where four serotypes were detected: S. Typhimurium, S.
Virchow, S. Hadar, and S. Teddington (Figure 3). In contrast, samples from LaNMMA had the least diversity,
with only one serotype, S. Enteritidis, identified. Of the six districts, these three have the highest population.
Notably, S. Typhimurium was the most predominant serotype among isolates from Weija/Gbawe district,
accounting for 66.7% of isolates in this district, which houses the largest abattoir exclusively for pigs, from
where most of the pork samples were collected.

Discussion

In sub-Saharan Africa, particularly in Ghana, NTS is the leading cause of gastroenteritis and invasive
salmonellosis [17, 18]. This study provides important epidemiological insights into the prevalence,
serotype diversity, and distribution of NTS in animal source food, RTE foods, and animal fecal samples from
various districts within the Greater Accra Region of Ghana. By sampling both raw and RTE foods, the study
offered a more comprehensive picture of Salmonella prevalence across the food chain. This approach aligns
with One Health surveillance principles, which emphasize integrated monitoring across food, environment,
and human exposure pathways.
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Distribution of non-typhoidal Salmonella serotypes in the
districts
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Figure 3. Distribution of non-typhoidal Salmonella serotypes within the selected districts of the Greater Accra Region.
LaNMMA: La Nkwantanang Madina Municipal Assembly; AMA: Accra Metropolitan Area.

This study found an overall Salmonella prevalence of 3.7%, with 5.71% in unprocessed animal source
food and 0.4% in animal feces. Salmonella was not isolated from any of the RTE foods sampled. Previous
studies in Africa have reported comparable Salmonella prevalence in animal source food, ranging from
4.0% in Nigeria [19], 5.5% in Ethiopia [20], 7.3% in Ghana [21], and 8.8% in North Africa [22]. However,
other studies have reported a much higher prevalence, including 16-20% in Ethiopia [23] and 34.2% in
Bangladesh [24]. For food borne pathogens like Salmonella, prevalence could be influenced by several
factors including cross-contamination and poor hygiene during food processing and handling. This
notwithstanding, the findings support the existing knowledge that animal-source foods are an important
vehicle for transmission of foodborne pathogens [2]. Although raw animal products are the primary
reservoirs of Salmonella, consumers are ultimately exposed through foods that are eaten without further
cooking. Therefore, evaluating both raw and finished products provides a more complete understanding of
the food safety risks along the value chain and helps determine whether contamination occurs before or
after processing. This inclusion strengthens the public health relevance of the study by capturing the actual
risk to consumers.

Salmonella is a prominent foodborne pathogen globally, often associated with poultry products [25,
26]. However, in this study, no Salmonella sp. was isolated from either chicken carcasses or chicken fecal
samples, which is consistent with previous findings in Egypt [27] but contrary to an earlier study in Ghana,
where a higher Salmonella prevalence of 61% in chicken carcasses [28] and 6% in the poultry environment
was reported [6]. The variability in findings could be due to different methodologies employed, study
locations, poor hygiene and biosecurity, and cross-contamination [29]. This study employed well-
established methods for sampling fecal matter, involving the collection of fresh droppings and
homogenization. Laboratory techniques included enrichment in BPW, selenite broth, and tetrathionate
broth. XLD agar, which is sensitive for isolating Salmonella even in heavily contaminated samples with
other Enterobacteria [30], was the culture media. All presumptively identified bacteria were confirmed
with MALDI-ToF Biotyping. The absence of Salmonella in the fecal samples may also be attributable to low-
level or intermittent shedding by the birds at the time of sample collection, resulting in bacterial loads
below the detectable threshold [29].

Salmonella spp. was detected in 1.1% of eggshells of raw table eggs sampled from retail markets,
mirroring a similar prevalence reported in Chile [31]. This finding differs from a previous study in Ghana,
which reported a prevalence of 4.9% in eggshells [4]. In comparison, some studies have reported higher
prevalence rates, such as 7.4% in South Korea [32], 15.6% in India [33], 14% in Nigeria [34], and 88.6% in
Cameroon [35]. In the present study, it was observed that the footwear and equipment of farmers and
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attendants were disinfected before entry and upon exiting the cages and pens. This practice was to prevent
the transmission of bacteria and other microorganisms between poultry housing units and the external
environment. Although we did not assess the effectiveness of hygiene practices at the farm level, the low
Salmonella prevalence reported in this study, could be attributable to this practice as well as the use of
disinfectants during egg handling by the farmers, Despite the possibility of contamination of both the
eggshell and the content, the current study assessed the prevalence of Salmonella spp., from only the
eggshell because of the link between contamination of the eggshell and the risk of cross-contamination
during consumer handling in the environment.

In this study, the prevalence of Salmonella spp., in pork was 13.6% which is lower than the 29.1%
prevalence reported in Ethiopia [36], 37% in China [37], and 40% in Uganda [38], but higher than the 2.7%
in Europe [39]. In contrast, countries like Sweden, Finland, and Norway, that adhere to strict EU trade
standards, have reported much lower prevalence rates, often below 0.04% [40]. Pigs are asymptomatic
carriers of NTS and can shed the bacteria in the farm and abattoir during processing of the carcass. Poor
sanitation practices in animal husbandry, coupled with substandard hygiene conditions in abattoirs, may
contribute significantly to the deterioration of carcass quality. This problem was common within the
framework of our research.

[t is important to note that the high prevalence of Salmonella spp. in pigs reported in the Weija/Gbawe
district, as observed in this study, may be influenced by the sampling approach. Specifically, all pork and pig
fecal samples were collected exclusively from the two largest slaughterhouses in the district, which supply
pork to vendors and consumers throughout the region [41]. Due to cultural differences, particularly among
Muslim communities, Christian denominations, and other tribes that do not consume pork, not all
slaughterhouses in the study area process pigs, which may affect the representativeness of the sampling. In
general, the four districts where Salmonella spp. were isolated represented a mix of urban and rural
districts; hence, no association could be established.

Salmonella prevalence of 5% and 5.5% was observed in raw cow milk and locally produced soft cheese
(wagashie), respectively. These findings are comparable to the 6% recorded in Ethiopia [20] and 6% in
Ghana [21] but higher than the 1% in studies in New York, USA [42] and 0% in Ghana [43]. All cattle
farmers in this study were observed milking their cows in the kraals, with fecal matter on the floor and
sometimes on the udder prior to hand milking. The unclean milking environment and equipment, poor
udder preparation, and hygiene of milk handlers observed in the study area could account for the higher
prevalence. It is important to note that the Salmonella prevalence in the raw cottage cheese “wagashie” was
lower than the 24% reported in an earlier study [21]. This study did not sample fried “wagashie”, which is
usually how it is sold in the informal markets. However, Adzitey et al. [29], whose work compared the levels
of Salmonella contamination in fried and raw wagashie, reported a significant reduction in the level of
contamination in fried wagashie [21]. Thus, frying or cooking milk products and pasteurization of raw milk
significantly reduced the level of or eliminated harmful pathogens.

Thermal processing methods such as frying, grilling, and smoking are highly effective in eliminating
foodborne pathogens like Salmonella spp., thereby ensuring the microbiological safety of food products
[44]. This effectiveness likely explains the absence of Salmonella spp., in all RTE food products examined in
this study, consistent with previous findings reported in South Africa [45] and Iran [46]. In contrast, other
studies from Ghana [47] and Colombia [48] documented higher Salmonella prevalence rates of 60% and
52%, respectively, in similar RTE food matrices. These higher contamination levels were attributed
primarily to direct and indirect cross-contamination resulting from inadequate handling practices by food
handlers. Per the national and international standards for food safety, Salmonella should not be present in
any 25 g of food; however, 5.71%, representing 25 out of the 438 food samples from animal sources, were
contaminated. The presence of Salmonella spp. in the food samples analyzed in the present study may
present a public health concern and a food safety issue, especially when food is eaten raw or undercooked,
or when there is cross-contamination. This suggests non-compliance with food safety standards and
practices in the country.
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S. Typhimurium and S. Enteritidis are reported to be the most frequently occurring Salmonella
serotypes in food commodities and human samples in Africa [22, 21, 28, 49]. These serotypes have been
associated with invasive NTS (iNTS) infections in children and immunocompromised adults in sub-Saharan
Africa [17] and Europe, where they were also responsible for over 70% of reported human salmonellosis
[50].

In this study, nine serotypes were identified, with S. Typhimurium (40.9%) being the most
predominant. This aligns with findings from previous studies in Ghana and Europe [28, 51]. S.
Typhimurium and Enteritidis are generalist pathogens, infecting a wide range of hosts, including humans,
pigs, and poultry. Their broad host range stems from virulence genes on Salmonella pathogenicity islands
(SPIs) and virulence plasmids, which enable bacterial invasion and immune evasion. Key SPIs, particularly
SPI-1 and SPI-2, facilitate intracellular survival and enhance adaptability across species [52].

S. Enteritidis was detected only in egg samples, despite its generalist nature and ability to infect
multiple hosts [22]. It is predominantly associated with poultry and eggs and is a major contributor to
global outbreaks [53]. Archer et al. [4] identified five serotypes in table eggs from three regions in Ghana,
mostly S. Chester and S. Hadar, with a few S. Enteritidis [4]. Our study, limited to only the Greater Accra
Region, found lower serotype diversity in eggs (only S. Enteritidis), possibly reflecting regional variation. As
a zoonotic strain, S. Enteritidis causes significant economic losses in animal husbandry and poses risks to
public health and economic development [54].

The highest number of serotypes (7/9), S. Typhimurium, Kaapstad, Gaminara, Poona, Teddington,
Virchow, and Hadar was found with pork samples. Yet this was far lower compared to studies in Malawi
and Kenya, where 32 serotypes were identified in pigs and their environment [55]. Pigs can become
asymptomatic carriers of the bacterium after infection and persist for up to 28 weeks in the tonsils and
mesenteric lymph nodes until they are shed intermittently in their feces [56]. In the soil, they persist for up
to 14 days, where they can infect piglets and handlers. In the present study, there was a higher prevalence
of Salmonella in pigs’ than in the fecal samples. The low (0.4%) prevalence in fecal samples may reflect
intermittent shedding or sampling limitations, as noted in a study [57].

The detection of Salmonella serotypes Poona, Germinara, and Teddington exclusively in pork samples
is noteworthy, as these serotypes are generally regarded as environmental in origin and are more
frequently implicated in the contamination of fresh produce, particularly fruits [53]. Their presence in pork
may reflect indirect contamination routes rather than primary colonization in swine. Possible pathways
include contact with contaminated water, soil, or surfaces during slaughter and processing, or cross-
contamination from produce or feed ingredients within the production chain. The study found S. Virchow
and S. Hadar only in pork, though these serotypes are typically linked to poultry outbreaks [53]. They have
also been isolated from broiler farms and slaughterhouses in Ghana, Algeria, and Australia [7, 14]. It
remains unclear whether contamination arose from pig lairage exposure or cross-contamination from
poultry farms due to poor biosecurity.

S. Kaapstad, the most “unrestricted” serotype, was present in one pork sample, one raw wagashie, and
one raw milk sample. Previous studies in Ghana have reported the isolation of this serotype from poultry,
beef, and mutton [14, 58, 59]. This serotype was first isolated in 1973 from milk on a UK dairy farm, pig
slaughterhouses, and consumers of unpasteurized milk from the farm [60]. It is known to cause mild
gastroenteritis and invasive infections such as osteomyelitis in humans. There is limited data on its public
health impact in Ghana, and it is not currently listed among globally recognized Salmonella serotypes of
public health importance. However, its presence and diversity in foods of animal origin warrant a
comprehensive investigation to inform surveillance purposes.

While we used a robust sample size, our study may be limited by selection bias inherent in a cross-
sectional study design, warranting the need for a longitudinal study to fully capture trends in Salmonella
prevalence across the seasons in Ghana. The sample size estimation was based on a 44% prevalence
reported in an earlier study, which was derived from chicken and farm environment samples rather than
the various animal-sourced foods that this study sampled from. While this represented the best available
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local estimate, it may not fully capture the true prevalence in the target population of this study.
Nevertheless, the use of data from a different sampling frame introduces some uncertainty, and the findings
should be interpreted within this context. Our study initially aimed to collect equal numbers of samples (20
per food category) across all sites. However, the final sample numbers reflect practical constraints and
availability, rather than deliberate prioritization of food types. In several markets, meat products, especially
beef and pork, were either unavailable at the time of sampling or vendors declined participation, limiting
the number of meat samples we could obtain. Conversely, eggs were widely available, and vendors were
generally more willing to participate, which allowed us to achieve a higher sample count in this category.

Insights into genetic diversity, risk factors, and transmission dynamics of Salmonella strains in food-
producing animals were not explored in this study, but future studies could employ a molecular
epidemiological approach using whole-genome sequencing.

The data collected between January 2020 and June 2022 provides a valuable baseline for
understanding patterns of bacterial prevalence within the study period, particularly in settings where
longitudinal surveillance is scarce.

This study provides critical insights into the prevalence and serotype diversity of NTS in animal source
foods and selected RTE products in the Greater Accra Region of Ghana. The significantly higher
contamination rates observed in raw pork, soft cheese (‘wagashie’), and raw milk underscore the potential
risk these products pose to consumers. The predominance of S. Typhimurium, a serotype frequently
implicated in human salmonellosis, reinforces the zoonotic and foodborne transmission potential of NTS in
the region. Although fecal samples showed low prevalence, the detection of diverse serotypes in food
products highlights the need for enhanced surveillance across the food production and distribution chain.
These findings support the implementation of targeted food safety interventions, improved hygiene
practices, and integrated One Health approaches to mitigate the burden of NTS infections in Ghana.

Abbreviations

BPW: buffered peptone water

LaNMMA: La Nkwantanang Madina Municipal Assembly

MALDI-ToF: matrix-assisted laser desorption ionization time-of-flight
NTS: non-typhoidal Salmonella

RTE: ready-to-eat

XLD: Xylose Lysine Deoxycholate

Declarations
Acknowledgments

The authors sincerely thank the livestock farmers and abattoir staff who generously participated in this
study. Their cooperation, openness, and support during sample collection were invaluable to the success of
the research.

Author contributions

VYA: Conceptualization, Methodology, Investigation, Data curation, Formal analysis, Writing—original
draft, Writing—review & editing. GIM: Conceptualization, Methodology, Investigation, Formal analysis,
Supervision, Writing—original draft, Writing—review & editing. BTO: Formal analysis, Writing—review &
editing. TYA: Resources, Writing—review & editing, Supervision. KKA: Conceptualization, Resources,
Writing—review & editing, Supervision, Validation. BB: Conceptualization, Resources, Writing—review &
editing, Project administration, Funding acquisition. All authors read and approved the submitted version.

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 11



Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Ethical approval for the study was obtained from the Scientific and Technical Committee and the
Institutional Review Board of the Noguchi Memorial Institute for Medical Research, University of Ghana
(Reference number: NMIMR-IRB103/17-18).

Consent to participate

All food samples were purchased at the point of sale, except for pork. Pork and pig fecal matter samples
were collected from slaughterhouse owners who voluntarily provided informed consent for sampling.

Consent to publication

Not applicable.

Availability of data and materials

Data sets are available on request.

Funding

This study was funded by The Science for Africa Foundation to the Developing Excellence in Leadership,
Training and Science in Africa (DELTAS Africa) program (Afrique One-ASPIRE), [Del-15-008 and Afrique
One-REACH, Del-22-011] with support from Wellcome Trust and the UK Foreign, Commonwealth &
Development Office which is part of the EDCTP program supported by the European Union. The funding
sources had no role in the study design; the collection, analysis and interpretation of data; the writing of the
report, or the decision to submit the article.

Copyright
© The Author(s) 2025.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1. Galan-Relafio A, Valero Diaz A, Huerta Lorenzo B, Gémez-Gascén L, Mena Rodriguez MA, Carrasco
Jiménez E, et al. Salmonella and Salmonellosis: An Update on Public Health Implications and Control
Strategies. Animals. 2023;13:3666. [DOI]

2. Kumar G, Kumar S, Jangid H, Dutta ], Shidiki A. The rise of non-typhoidal Salmonella: an emerging
global public health concern. Front Microbiol. 2025;16:1524287. [DOI] [PubMed] [PMC]

3. Santos E Silva A, Dias F, Santos M, Ferro Silva M, Duarte ]J. Non-typhoidal Salmonella Infections:
Insights From a Case With Cardiac and Bone Involvement and Multisystem Complications. Cureus.
2025;17:e80940. [DOI] [PubMed] [PMC(]

4.  Archer EW, Chisnall T, Tano-Debrah K, Card RM, Duodu S, Kunadu AP. Prevalence and genomic
characterization of Salmonella isolates from commercial chicken eggs retailed in traditional markets
in Ghana. Front Microbiol. 2023;14:1283835. [DOI] [PubMed] [PMC]

5. Srednik ME, Morningstar-Shaw BR, Hicks JA, Mackie TA, Schlater LK. Antimicrobial resistance and
genomic characterization of Salmonella enterica serovar Senftenberg isolates in production animals
from the United States. Front Microbiol. 2022;13:979790. [DOI] [PubMed] [PMC]

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 12


https://dx.doi.org/10.3390/ani13233666
https://dx.doi.org/10.3389/fmicb.2025.1524287
http://www.ncbi.nlm.nih.gov/pubmed/39967739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11832534
https://dx.doi.org/10.7759/cureus.80940
http://www.ncbi.nlm.nih.gov/pubmed/40255812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12009510
https://dx.doi.org/10.3389/fmicb.2023.1283835
http://www.ncbi.nlm.nih.gov/pubmed/38029182
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10646427
https://dx.doi.org/10.3389/fmicb.2022.979790
http://www.ncbi.nlm.nih.gov/pubmed/36406424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9668867

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ofori LA, Fosu D, Ofori S, Akenten CW, Flieger A, Simon S, et al. Salmonella enterica in farm
environments in the Ashanti Region of Ghana. BMC Microbiol. 2023;23:370. [DOI] [PubMed] [PMC(]
Sodagari HR, Wang P, Robertson I, Habib I, Sahibzada S. Non-Typhoidal Salmonella at the Human-
Food-of-Animal-Origin Interface in Australia. Animals (Basel). 2020;10:1192. [DOI] [PubMed] [PMC]
Nembhauser |. Travel-Associated Infections & Diseases. Centers for Disease. In: Nemhauser ]B, editor.
CDC Yellow Book 2024: Health Information for International Travel. Oxford University Press; 2024.
Ferrari RG, Rosario DKA, Cunha-Neto A, Mano SB, Figueiredo EES, Conte-Junior CA. Worldwide
Epidemiology of Salmonella Serovars in Animal-Based Foods: a Meta-analysis. Appl Environ Microbiol.
2019;85:e00591-19. [DOI] [PubMed] [PMC]

Thomas KM, de Glanville WA, Barker GC, Benschop ], Buza ], Cleaveland S, et al. Prevalence of
Campylobacter and Salmonella in African food animals and meat: A systematic review and meta-
analysis. Int ] Food Microbiol. 2020;315:108382. [DOI] [PubMed] [PMC]

Ahiabor WK, Kotey FCN, Tetteh-Quarcoo PB, Donkor ES. Foodborne Microbiological Hazards in
Ghana: A Scoping Review. Environ Health Insights. 2024;18:11786302241260485. [DOI] [PubMed]
[PMC]

Wu ], You L, Liu Y, Long L, Wang M, Wei X, et al. Dynamic Serotype Distribution and Antimicrobial
Resistance of Salmonella Isolates from 2019 to 2023 in Guizhou, China. Infect Drug Resist. 2025;18:
993-1006. [DOI] [PubMed] [PMC(]

Awalime DK, Davies-Teye BBK, Vanotoo LA, Owoo NS, Nketiah-Amponsah E. Economic evaluation of
2014 cholera outbreak in Ghana: a household cost analysis. Health Econ Rev. 2017;7:45. [DOI]
[PubMed] [PMC]

Andoh LA, Dalsgaard A, Obiri-Danso K, Newman M], Barco L, Olsen JE. Prevalence and antimicrobial
resistance of Salmonella serovars isolated from poultry in Ghana. Epidemiol Infect. 2016;144:
3288-99. [DOI] [PubMed] [PMC(]

Ghana Standards Authority (GSA). Microbiological Analysis of Foods - Sampling Plans and
Microbiological Criteria, CDGS 955. Accra: Ghana; 2018.

Grimont PA, Weill FX. Antigenic Formulae of the Salmonella Serovars. 9th ed. Paris: World Health
Organization Collaborating Center for Reference and Research on Salmonella, Institut Pasteur; 2007.
Aldrich C, Hartman H, Feasey N, Chattaway MA, Dekker D, Al-Emran HM, et al. Emergence of
phylogenetically diverse and fluoroquinolone resistant Salmonella Enteritidis as a cause of invasive
nontyphoidal Salmonella disease in Ghana. PLoS Negl Trop Dis. 2019;13:e0007485. [DOI] [PubMed]
[PMC]

Labi AK, Obeng-Nkrumah N, Addison NO, Donkor ES. Salmonella blood stream infections in a tertiary
care setting in Ghana. BMC Infect Dis. 2014;14:3857. [DOI] [PubMed] [PMC(]

Akinyemi KO, Fakorede CO, Linde ], Methner U, Wareth G, Tomaso H, et al. Whole genome sequencing
of Salmonella enterica serovars isolated from humans, animals, and the environment in Lagos,
Nigeria. BMC Microbiol. 2023;23:164. [DOI] [PubMed] [PMC(]

Ejo M, Garedew L, Alebachew Z, Worku W. Prevalence and Antimicrobial Resistance of Salmonella
Isolated from Animal-Origin Food Items in Gondar, Ethiopia. Biomed Res Int. 2016;2016:4290506.
[DOI] [PubMed] [PMC(]

Adzitey F, Teye GA, Amoako DG. Prevalence, phylogenomic insights, and phenotypic characterization
of Salmonella enterica isolated from meats in the Tamale metropolis of Ghana. Food Sci Nutr. 2020;8:
3647-55. [DOI] [PubMed] [PMC(]

Al-Rifai RH, Chaabna K, Denagamage T, Alali WQ. Prevalence of enteric non-typhoidal Salmonella in
humans in the Middle East and North Africa: A systematic review and meta-analysis. Zoonoses Public
Health. 2019;66:701-28. [DOI] [PubMed]

Abate D, Assefa N. Prevalence and antimicrobial resistance patterns of Salmonella isolates in human
stools and animal origin foods in Ethiopia: A systematic review and meta-analysis. Int ] Health Sci
(Qassim). 2021; 15:43-55. [PubMed] [PMC(]

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 13


https://dx.doi.org/10.1186/s12866-023-03121-3
http://www.ncbi.nlm.nih.gov/pubmed/38030982
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10685596
https://dx.doi.org/10.3390/ani10071192
http://www.ncbi.nlm.nih.gov/pubmed/32674371
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7401514
https://dx.doi.org/10.1128/AEM.00591-19
http://www.ncbi.nlm.nih.gov/pubmed/31053586
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6606869
https://dx.doi.org/10.1016/j.ijfoodmicro.2019.108382
http://www.ncbi.nlm.nih.gov/pubmed/31710971
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6985902
https://dx.doi.org/10.1177/11786302241260485
http://www.ncbi.nlm.nih.gov/pubmed/39055116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11271142
https://dx.doi.org/10.2147/IDR.S492042
http://www.ncbi.nlm.nih.gov/pubmed/39990778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11847576
https://dx.doi.org/10.1186/s13561-017-0182-2
http://www.ncbi.nlm.nih.gov/pubmed/29204727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5714944
https://dx.doi.org/10.1017/S0950268816001126
http://www.ncbi.nlm.nih.gov/pubmed/27334298
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9150280
https://dx.doi.org/10.1371/journal.pntd.0007485
http://www.ncbi.nlm.nih.gov/pubmed/31220112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6605661
https://dx.doi.org/10.1186/s12879-014-0697-7
http://www.ncbi.nlm.nih.gov/pubmed/25528352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4297363
https://dx.doi.org/10.1186/s12866-023-02901-1
http://www.ncbi.nlm.nih.gov/pubmed/37312043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10262361
https://dx.doi.org/10.1155/2016/4290506
http://www.ncbi.nlm.nih.gov/pubmed/28074185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5198084
https://dx.doi.org/10.1002/fsn3.1647
http://www.ncbi.nlm.nih.gov/pubmed/32724627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7382109
https://dx.doi.org/10.1111/zph.12631
http://www.ncbi.nlm.nih.gov/pubmed/31313525
http://www.ncbi.nlm.nih.gov/pubmed/33456442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7786440

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Talukder H, Roky SA, Debnath K, Sharma B, Ahmed ], Roy S. Prevalence and Antimicrobial Resistance
Profile of Salmonella Isolated from Human, Animal and Environment Samples in South Asia: A 10-
Year Meta-analysis. ] Epidemiol Glob Health. 2023;13:637-52. [DOI] [PubMed] [PMC(]

Diaz D, Hernandez-Carrefio PE, Velazquez DZ, Chaidez-Ibarra MA, Montero-Pardo A, Martinez-Villa
FA, et al. Prevalence, main serovars and anti-microbial resistance profiles of non-typhoidal Salmonella
in poultry samples from the Americas: A systematic review and meta-analysis. Transbound Emerg
Dis. 2022;69:2544-58. [DOI] [PubMed]

European Food Safety Authority (EFSA)}; {European Centre for Disease Prevention and Control
(ECDC). The European Union One Health 2022 Zoonoses Report. EFSA J. 2023;21:e8442. [DOI]
[PubMed] [PMC(]

Darwish WS, El Bayoumi RM, Mohamed NH, Hussein MAM. Microbial Contamination of Meat at a Low-
Temperature Storage: A Review. ] Adv Vet Res. 2024;14:322-5.

Parry-Hanson Kunadu A, Otwe RY, Mosi L. Microbiological quality and Salmonella prevalence, serovar
distribution and antimicrobial resistance associated with informal raw chicken processing in Accra,
Ghana. Food Control. 2020; 118:107440. [DOI]

Adzitey F, Asiamah P, Boateng EF. Prevalence and antibiotic susceptibility of Salmonella enterica
isolated from cow milk, milk products and hands of sellers in the Tamale Metropolis of Ghana. ] Appl
Sci Env Manage. 2020;24:59-62. [DOI]

Zhang JY, Xie XL, Wang W], Deng L, Shang LH, Xiong L], et al. Epidemiological Investigation of
Salmonella enterica Isolates in Children with Diarrhea in Chengdu, China. Jundishapur ] Microbiol.
2021;14:119034. [DOI]

Solis D, Cordero N, Quezada-Reyes M, Escobar-Astete C, Toro M, Navarrete P, et al. Prevalence of
Salmonella in Eggs from Conventional and Cage-Free Egg Production Systems and the Role of
Consumers in Reducing Household Contamination. Foods. 2023;12:4300. [DOI] [PubMed] [PMC]

Lee SK, Chon JW, Song KY, Hyeon JY, Moon ]S, Seo KH. Prevalence, characterization, and antimicrobial
susceptibility of Salmonella Gallinarum isolated from eggs produced in conventional or organic farms
in South Korea. Poult Sci. 2013;92:2789-97. [DOI] [PubMed]

Ganjeer T, Patyal A, Shakya S, Chandrakar C, Verma SK, Gade NE, et al. Antibiotic resistance pattern
and distribution of resistance genes in Salmonella isolated from chicken and duck eggs in
Chhattisgarh, India. Asian ] Dairy Food Res. 2023:1-8. [DOI]

Agbaje M, Ayo-Ajayi P, Kehinde O, Omoshaba E, Dipeolu M, Fasina FO. Salmonella Characterization in
Poultry Eggs Sold in Farms and Markets in Relation to Handling and Biosecurity Practices in Ogun
State, Nigeria. Antibiotics (Basel). 2021;10:773. [DOI] [PubMed] [PMC(]

Kouam MK, Biekop MHF, Katte B, Teguia A. Salmonella status of table eggs in commercial layer farms
in Menoua Division, West region of Cameroon. Food Control. 2018; 85:345-9. [DOI]

Kahsay AG, Dejene TA, Kassaye E. A Systematic review on Prevalence, Serotypes and Antibiotic
resistance of Salmonella in Ethiopia, 2010-2022. Infect Drug Resist. 2023;16:6703-15. [DOI]
[PubMed] [PMC]

Yang X, Wu Q, Zhang ], Huang J, Chen L, Wu §, et al. Prevalence, Bacterial Load, and Antimicrobial
Resistance of Salmonella Serovars Isolated From Retail Meat and Meat Products in China. Front
Microbiol. 2019;10:2121. [DOI] [PubMed] [PMC]

Ndoboli D, Roesel K, Heilmann M, Alter T, Clausen PH, Wampande E, et al. Serotypes and antimicrobial
resistance patterns of Salmonella enterica subsp. enterica in pork and related fresh-vegetable
servings among pork outlets in Kampala, Uganda. Rev Elev Méd Vét Pays Trop. 2018;71:103-9. [DOI]
European Food Safety Authority (EFSA)}; {European Centre for Disease Prevention and Control
(ECDC). The European Union summary report on antimicrobial resistance in zoonotic and indicator
bacteria from humans, animals and food in 2021-2022. EFSA |. 2024;22:e8583. [DOI] [PubMed] [PMC]

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 14


https://dx.doi.org/10.1007/s44197-023-00160-x
http://www.ncbi.nlm.nih.gov/pubmed/37883006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10686918
https://dx.doi.org/10.1111/tbed.14362
http://www.ncbi.nlm.nih.gov/pubmed/34724337
https://dx.doi.org/10.2903/j.efsa.2023.8442
http://www.ncbi.nlm.nih.gov/pubmed/38089471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10714251
https://dx.doi.org/10.1016/j.foodcont.2020.107440
https://dx.doi.org/10.4314/jasem.v24i1.8
https://dx.doi.org/10.5812/jjm.119034
https://dx.doi.org/10.3390/foods12234300
http://www.ncbi.nlm.nih.gov/pubmed/38231772
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10706720
https://dx.doi.org/10.3382/ps.2013-03175
http://www.ncbi.nlm.nih.gov/pubmed/24046429
https://dx.doi.org/10.18805/ajdfr.DR-2033
https://dx.doi.org/10.3390/antibiotics10070773
http://www.ncbi.nlm.nih.gov/pubmed/34202847
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8300622
https://dx.doi.org/10.1016/j.foodcont.2017.09.037
https://dx.doi.org/10.2147/IDR.S424345
http://www.ncbi.nlm.nih.gov/pubmed/37854471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10581021
https://dx.doi.org/10.3389/fmicb.2019.02121
http://www.ncbi.nlm.nih.gov/pubmed/31608021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771270
https://dx.doi.org/10.19182/remvt.31289
https://dx.doi.org/10.2903/j.efsa.2024.8583
http://www.ncbi.nlm.nih.gov/pubmed/38419967
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10900121

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

Roasto M, Bonardi S, Maesaar M, Alban L, Gomes-Neves E, Vieira-Pinto M, et al. Salmonella enterica
prevalence, serotype diversity, antimicrobial resistance and control in the European pork production
chain. Trends Food Sci Technol. 2023;131:210-19. [DOI]

Addo HO, Majekodunmi AO, Barimah A], Bagulo H, Korley F, Asare PPA, et al. Exploring the pork
production chain in urban Ghana: insights from focus group discussions. BMC Vet Res. 2025;21:362.
[DOI] [PubMed] [PMC(]

Cummings K], Virkler PD, Wagner B, Lussier EA, Thompson BS. Herd-level prevalence of Salmonella
Dublin among New York dairy farms based on antibody testing of bulk tank milk. Zoonoses Public
Health. 2018;65:1003-7. [DOI] [PubMed]

Arthur AB, Owusu M, Akonor PT, Blessie EJS, Atter A, Appiah V. Safety and sensory quality of
wagashie, a West African cottage cheese. Ghana ] Agric Sci. 2023;58:27-38. [DOI]

Jarvis NA, O’Bryan CA, Dawoud TM, Park SH, Kwon YM, Crandall PG, et al. An overview of Salmonella
thermal destruction during food processing and preparation. Food Control. 2016;68:280-90. [DOI]
Nethathe B, Matsheketsheke PA, Mashau ME, Ramashia SE. Microbial safety of ready-to-eat food sold
by retailers in Thohoyandou, Limpopo Province, South Africa. Cogent Food Agric. 2023;9:2185965.
[DOI]

Koushki M, Koohy-Kamaly P, Sohrabvandi S. Assessment of the microbial quality of industrial ready-
to-eat salads containing meat products. Curr Res Nutr Food Sci . 2021;9:662-70. [DOI]

Nkekesi B, Amenya P, Aboagye G, Kortei NK. Street-vended grilled beef sausages as potential vehicles
of bacterial and fungal pathogens: An exploratory survey in Ho, the capital city of the Volta Region of
Ghana. Food Sci Nutr. 2023;11:7013-25. [DOI] [PubMed] [PMC]

Jaramillo-Bedoya E, Florez-Elvira L], Ocampo-Ibafiez ID. High Prevalence of Salmonella spp. in Ready-
to-Eat Artisanal Pork Sausages Sold at Food Outlets in Quindio, Colombia. Pathogens. 2025;14:31.
[DOI] [PubMed] [PMC]

Andoh LA, Ahmed S, Olsen JE, Obiri-Danso K, Newman M], Opintan JA, et al. Prevalence and
characterization of Salmonella among humans in Ghana. Trop Med Health. 2017;45:3. [DOI] [PubMed]
[PMC]

Pardos de la Gandara M, Fournet N, Bonifait L, Lefévre S, Chemaly M, Grastilleur C, et al. Countrywide
multi-serotype outbreak of Salmonella Bovismorbificans ST142 and monophasic Salmonella
Typhimurium ST34 associated with dried pork sausages in France, September 2020* to January 2021.
Euro Surveill. 2023;28:2200123. [DOI] [PubMed] [PMC(]

Peruzy MF, Proroga YTR, Capuano F, Mancusi A, Montone AMI, Cristiano D, et al. Occurrence and
distribution of Salmonella serovars in carcasses and foods in southern Italy: Eleven-year monitoring
(2011-2021). Front Microbiol. 2022;13:1005035. [DOI] [PubMed] [PMC(C]

Fabrega A, Vila ]. Salmonella enterica serovar Typhimurium skills to succeed in the host: virulence and
regulation. Clin Microbiol Rev. 2013;26:308-41. [DOI] [PubMed] [PMC]

Jackson BR, Griffin PM, Cole D, Walsh KA, Chai S]. Outbreak-associated Salmonella enterica serotypes
and food Commodities, United States, 1998-2008. Emerg Infect Dis. 2013;19:1239-44. [DOI]
[PubMed] [PMC]

Liu B, Zhang X, Ding X, Bin P, Zhu G. The vertical transmission of Salmonella Enteritidis in a One-
Health context. One Health. 2022;16:100469. [DOI] [PubMed] [PMC]

Wilson CN, Pulford CV, Akoko ], Perez Sepulveda B, Predeus AV, Bevington ], et al. Salmonella
identified in pigs in Kenya and Malawi reveals the potential for zoonotic transmission in emerging
pork markets. PLoS Negl Trop Dis. 2020;14:e0008796. [DOI] [PubMed] [PMC(]

Soliani L, Rugna G, Prosperi A, Chiapponi C, Luppi A. Salmonella Infection in Pigs: Disease, Prevalence,
and a Link between Swine and Human Health. Pathogens. 2023;12:1267. [DOI] [PubMed] [PMC]
Sarkodie-Addo P, Aglomasa BC, Donkor ES. Prevalence and antimicrobial resistance patterns of
nontyphoidal Salmonella in Ghana: a systematic review and meta-analysis. Trop Med Health. 2025;53:
91. [DOI] [PubMed] [PMC(]

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 15


https://dx.doi.org/10.1016/j.tifs.2022.12.007
https://dx.doi.org/10.1186/s12917-025-04818-5
http://www.ncbi.nlm.nih.gov/pubmed/40389952
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12090519
https://dx.doi.org/10.1111/zph.12523
http://www.ncbi.nlm.nih.gov/pubmed/30216701
https://dx.doi.org/10.4314/gjas.v58i2
https://dx.doi.org/10.1016/j.foodcont.2016.04.006
https://dx.doi.org/10.1080/23311932.2023.2185965
https://dx.doi.org/10.12944/CRNFSJ.9.2.29
https://dx.doi.org/10.1002/fsn3.3625
http://www.ncbi.nlm.nih.gov/pubmed/37970393
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10630801
https://dx.doi.org/10.3390/pathogens14010031
http://www.ncbi.nlm.nih.gov/pubmed/39860992
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11768352
https://dx.doi.org/10.1186/s41182-017-0043-z
http://www.ncbi.nlm.nih.gov/pubmed/28194090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5301370
https://dx.doi.org/10.2807/1560-7917.ES.2023.28.2.2200123
http://www.ncbi.nlm.nih.gov/pubmed/36695482
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9837855
https://dx.doi.org/10.3389/fmicb.2022.1005035
http://www.ncbi.nlm.nih.gov/pubmed/36274687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9582760
https://dx.doi.org/10.1128/CMR.00066-12
http://www.ncbi.nlm.nih.gov/pubmed/23554419
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3623383
https://dx.doi.org/10.3201/eid1908.121511
http://www.ncbi.nlm.nih.gov/pubmed/23876503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3739514
https://dx.doi.org/10.1016/j.onehlt.2022.100469
http://www.ncbi.nlm.nih.gov/pubmed/36507074
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9731862
https://dx.doi.org/10.1371/journal.pntd.0008796
http://www.ncbi.nlm.nih.gov/pubmed/33232324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7748489
https://dx.doi.org/10.3390/pathogens12101267
http://www.ncbi.nlm.nih.gov/pubmed/37887782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10610219
https://dx.doi.org/10.1186/s41182-025-00731-7
http://www.ncbi.nlm.nih.gov/pubmed/40597407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12210744

58. Dekker D, Eibach D, Boahen KG, Akenten CW, Pfeifer Y, Zautner AE, et al. Fluoroquinolone-Resistant
Salmonella enterica, Campylobacter spp., and Arcobacter butzleri from Local and Imported Poultry
Meat in Kumasi, Ghana. Foodborne Pathog Dis. 2019;16:352-8. [DOI] [PubMed] [PMC]

59. Tay MYF, Adzitey F, Sultan SA, Tati JM, Seow KLG, Schlundt J. Whole-Genome Sequencing of
Nontyphoidal Salmonella enterica Isolates Obtained from Various Meat Types in Ghana. Microbiol
Resour Announc. 2019;8:e00033-19. [DOI] [PubMed] [PMC(]

60. British Medical Journal Publishing Group. News And Notes. Br Med J. 1974;2:5920. [DOI]

Explor Foods Foodomics. 2025;3:1010105 | https://doi.org/10.37349/eff.2025.1010105 Page 16


https://dx.doi.org/10.1089/fpd.2018.2562
http://www.ncbi.nlm.nih.gov/pubmed/30907631
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6529854
https://dx.doi.org/10.1128/MRA.00033-19
http://www.ncbi.nlm.nih.gov/pubmed/30975795
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6460018
https://dx.doi.org/10.1136/bmj.2.5920.678

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study sites
	Study design and sample collection
	Culture and identification
	Confirmation of presumptive Salmonella isolates using MALDI–ToF mass spectrometry
	Serotyping of NTS isolates
	O antigen detection
	H antigen detection
	Data analysis

	Results
	Prevalence of Salmonella spp. in food and fecal samples
	Salmonella serotype diversity and distribution
	Diversity of NTS across districts

	Discussion
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

