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ABSTRACT
Salmonellosis is a major global threat to public health and causes emergence and spread of
antimicrobial-resistant strains. This study aimed to determine the prevalence and characterization
of Salmonella species (spp.) in retail pork and raw vegetables commonly known as Kachumbari(
tomatoes, onions, pepper, dhania, avocados) served alongside cooked pork in Busia County,
Kenya. Samples collected from selected butcheries were 451 consisting of 262 raw pork, 108
cooked pork and 81 side salads served alongside cooked pork. Samples were cultured in
Salmonella selective media in Busia ILRI laboratories. Isolated Salmonella spp. were afterwards
identified using genus antiserum at the UoN laboratories . Serotyping was done using Kauffmann-
Whyte scheme and antimicrobial sensitivity was determined using disc diffusion method. The
overall Salmonella prevalence of retail pork was 32.59% (147/451 95% CI 32.40% - 32.80%).
Raw pork recorded the highest prevalence of 49.24% (129/262 95% CI 48.86% - 49.61%),
followed by raw vegetables with 19.75% (16/81 95% CI 18.79% - 20.72%) and cooked pork
recorded the least with 1.85% (2/108 95% CI 1.65% - 2.10%). Salmonella-positive isolates were
highly resistant to the antibiotics used with an overall resistance of 135/147 (91.84%). 67/147
(45.58%) of the samples had multidrug resistance while 99/147 (67.35%) had extended drug
resistance. Overall, the isolates had the highest resistance to Gentamicin (63.94%) followed by
Ampicillin (59.86%). The highest intermediate resistance was found in ciprofloxacin (76.19%)
and nalidixic acid (74.15%). Seven isolates were resistant to third-generation cephalosporins,

ceftriaxone.

This study highlights a risk of exposure to Salmonella spp. from retail pork and raw vegetables
sold at pork butcheries in Busia. This is evidenced by the high prevalence of Salmonella spp. from

the raw pork and raw vegetables served alongside cooked pork from butcheries in the four sub-

Xiv



counties in Busia that were being investigated. In this setting, cooking of pork mitigated much of
the risk of exposure to Salmonella spp. from pork, though the practice of plating pork with raw
vegetable side-salads (Kachumbari) with a high prevalence of Salmonella spp. is thought to re-
introduce the exposure risk. This study is not able to determine if the vegetables entered the
butcheries while contaminated or whether they were cross-contaminated within the butchery
setting. This is the first study reporting on salmonella prevalence in retail pork in this country.
Worryingly the majority of the isolates were resistant to one or more antimicrobials tested and
more than half of them had multidrug-resistant to three or more classes of antimicrobials tested,
creating an additional potential health burden. This study highlights risks that may be present in
other butchers in the country where hygiene and sanitation are not strictly followed hence

necessitating more investigation and action to be taken.

Keywords: Salmonella spp.; pork; retail pork; antimicrobial-resistant; Busia
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CHAPTER ONE: INTRODUCTION

1.1: Introduction

Foodborne illnesses especially those caused by bacterial pathogens like Salmonella spp. are one
of the leading public health problems globally with a plurality of cases and deaths reported as a
result of consumption of contaminated food (Hendriksen et al., 2011; Majowicz et
al., 2010). Salmonella is considered one of the most prevalent pathogens mainly from the food of
animal origin and is responsible for causing zoonotic infections in humans and animals (Sanchez-
Vargas et al., 2011; Carrasco 2012). Swine infected with Salmonella presents prostration, fever,
diarrhoea and death. Nevertheless, most infected swine commonly harbor Salmonella spp. and
remain as healthy carriers, and are one of the main avenues of contamination in the pork value
chain (Bornardi, 2017). Pork contamination can occur in the slaughter due to cross-cntamination
with other carcasses as well as presence of Salmonella in the environment. In fact, pork is a
potential source of foodborne diseases attributed to its favorability for the multiplication of various
microbial organisms. Raw and undercooked pork if consumed often represents a source of non-
typhoidal Salmonella strains to humans (Doulgeraki et al., 2012). Recently, over 2,500
Salmonella serotypes have been identified and among the serotypes that are significantly
associated with human and animal disease are ; Typhimurium, Newport, Heidelberg and
Enteritidis (Foley and Lynne, 2008)

The emergency of antimicrobial resistant (AMR) and potentially more pathogenic Salmonella
strains has resulted in serious public health issues. Some Salmonella spp. have developed
Multidrug resistance (MDR) such as resistance towards clinically important antimicrobials like
fluoroquinolones and third-generation cephalosporins which is worrisome worldwide (Jajere,

2019). This presents a public health risk because the resistance strains end up in humans through



contaminated food, unfortunately, the sources and transmission routes are poorly understood in
the developing countries due to poorly resourced surveillance systems within veterinary and public
health systems.

Pork consumption in Kenya has increased in the recent past and is expected to continue that way
due to population increase as well as people become more affluent (Thomas et al., 2013; McGlone,
J.J., 2013). Western Kenya is ranked second-most in pig population in Kenya (FAO, 2012) and
consumption of pork is common. Retail outlets of pork in Busia are the butchers’ shop. Butchers
buy their animals and slaughter them at either their home or at slaughter with poor hygienic
conditions (Cook et al., 2017; Levy, 2014). The majority of pork consumers buy pork either
cooked or raw from butchers’ shop (Levy, 2014) at which food hygiene and safety condition are
not assured. There is no information on the prevalence of Salmonella species in retail pork in Busia
or elsewhere in Kenya to compare. Although Salmonella species have been isolated from pigs at
slaughter in Busia (Wilson et al.,2018) no study has been done on Salmonella species from retail
pork and raw side vegetable served alongside cooked pork. There is also no information
on Salmonella serovars from Salmonella contaminated pork at the point of retail likely to be
transferred to the consumers as well their AMR. Elsewhere studies have shown retail pork
contaminated with Salmonella hence presents a significant public health issue.

This study is aiming to determine Salmonella prevalence in retail pork and raw vegetables served
alongside cooked, characterize the Salmonella species isolated from retail pork and raw vegetables
served alongside cooked pork as well as determine their antimicrobial resistance profiles which
will help in surveillance of zoonotic diseases that originate from the food of animal origin in

particular Salmonella species (Spp. ) that is one of the major foodborne pathogens.



1.2 Objectives
1.2.1 Overall objective
The overall objective of this study was to determine the prevalence and

characterize Salmonella species in retail pork and side salads in Busia County, Western Kenya

1.2.2 Specific objectives

1. To determine and compare the prevalence of Salmonella species in pork and side salads at the
point of retail.

2. To characterize the Salmonella species isolated.

3. To determine the antimicrobial resistance profile of the identified Salmonella species

1.3 Justification

Salmonella species are a major foodborne pathogen and associated with several outbreaks due to
contaminated food and pork is understood to be a common source of infection. In Kenya, there is
a paucity of data on Salmonella species contamination in retail pork and side salads hence the need
for this research. The determination of antibiotic resistance in retail pork and side salads will be
important as the Kenyan National Action Plan on Antimicrobial resistance requires a greater

understanding of the Antimicrobial resistance in the food of animal origin across the country.



CHAPTER TWO: LITERATURE REVIEW
2.1 Salmonella spp.

Genus Salmonella is a gram-negative, facultative anaerobe and rod-shaped that belong to the
Enterobacteria family and lives in the intestinal tract of animals and humans (Su and Chium 7,
Sterzenbach et al., 2013; Keeble and Koterwas, 2020). There are two species assigned to this
genus: S. enterica and S. bongori. S. enterica itself is divided into six subspecies; enterica,
salamae, arizonae, diarizonae, indica, houtenae , also known as subspecies I, II, 1l1a, I1Ib, IV, and
VI, respectively (Brenner et al., 2000; Tindall et al., 2005). Warm-blooded animals are associated
with S. enterica subspecies enterica consisting of about 99% of clinical isolates which cause
infections ranging from mild gastroenteritis to life-threatening systemic infections (Fierer and
Guiney, 2001; Lamas et al., 2018) while the remaining subspecies, S. bongori are isolated from
cold-blooded animals and account for less than 1% clinical isolates (Pui et
al., 2011). Salmonella serotypes are determined by the immunoreactivity of three surface antigens
“O” (lipopolysaccharides), “H” (flagellin protein), and “Vi” (capsule) (Grimont and Weill, 2007)
and between the two species of Salmonella, over 2,500 unique serotypes have been described and
new serotypes are described regularly. However, only some of these serotypes have been
frequently associated with food-borne illness.

Salmonella serotypes can be divided into host restricted and generalist serotypes/ host-adapted.
Paratyphi A and Typhi are examples of hosts specific serotypes that only cause disease in one host
species. Generalist serotypes such as Salmonella Typhimurium exhibit a promiscuous phenotype
in that they maintain the ability to colonize and potentially cause infections in more than one host
species (Thomson et al., 2008 Langridge et al., 2015). Loss of genetic materials and mutation are

some of the ways that have enabled Salmonella serotypes to become adapted to their hosts (Kisiela



etal., 2012). Salmonella serotypes that cause diseases in humans are; typhoidal serotypes and non-
typhoidal Salmonella serotypes. Typhoidal serotypes, that have humans as their only reservoir are;
Typhi and Paratyphi A. They can only be transmitted from humans to humans and can cause
foodborne infections, typhoid fever, and paratyphoid fever also known as enteric fever (Eng et al.,
2015). Nontyphoidal serotypes on the other hand are predominantly found in animals as their
reservoir and can be transferred from animals to humans as well as humans to humans (Eng et al.,
2015). Nontyphoidal salmonella, particularly those associated with pork are the main concern of
this thesis. These serotypes exhibit a promiscuous phenotype in that they maintain the ability to
colonize and potentially cause infections in more than one host species (Thomson et al., 2008).
Hendriksen et al., 2011 established that there is a difference in commonly isolated serovars among
regions. S. typhimurium for instance is the most dominant serovar worldwide and is associated
with foodborne outbreaks in both high-income countries and developing ones. Besides, S. Infantis
occur world. However, others such as S. Newport, S. Agona, S. Virchow, and S. Hadar have
regional differences (Hendriksen et al., 2011)

2.2 Salmonella spp. foodborne disease burden

Salmonellosis is a common foodborne disease in animals and people around the globe, besides,
the virulent salmonella serotypes are widely spread. The majority of human infection
of Salmonella is related to the ingestion of contaminated foods such as poultry, beef, pork, egg,
milk, cheese, seafood, fruits, juices, and vegetables (Zhao et al., 2008). The main reservoir
of Salmonella spp. is the gastrointestinal tract of warm-blooded animals, in particular food-
producing animals, which lead to foodstuffs contamination (Crump et al., 2015; Arya etal., 2017).
Ingestion of contaminated food, particularly foods of animal origin, is recognized as the most

relevant source of transmission of Salmonella to humans, with a high global impact on human



health (Aryaet al., 2017). An estimated 93.8 million cases (90% CI, 61.8-131.6 million) of
gastroenteritis caused by Salmonella spp. occur globally each year and of these, nearly 80.3
million cases are foodborne (Majowicz et al., 2010). Five pathogens account for over 90% of
estimated food-related deaths: Salmonella (31%), Listeria (28%), Toxoplasma (21%), Norwalk-
like viruses (7%), Campylobacter (5%), and Escherichia coli O157:H7 (3%) (White et al., 2002)
According to (Havelaar et al., 2015), foodborne pathogens cause about 600 million illnesses and
420,000 deaths worldwide and NTS are among the major causative agent. Globally, 33 million
DALYs  (disability-adjusted  life  years) are due to  foodborne illnesses.
Nontyphoidal salmonella enterica ranked 5th out of the 31 hazard that causes global DALYs FBD
burden and about 90% of the burden is due to years of life lost due to premature mortality and the
remainder is due to the years lived with disabilities (Li et al., 2019). Nontyphoidal Salmonella
enterica are reported to cause diarrhea in children under the age of five resulting in several deaths
(Havelaar et al., 2015). According to Liet al.,, 2019 NTS has a global distribution. NTS is
associated with mild gastroenteritis illness in developed countries that mainly is self-limiting and
treatment with antimicrobial is not necessary (Kariukiet al, 2006). Whereas nontyphoidal
serotypes present mostly as a gastrointestinal disease in developed countries, it was estimated that
sub-Saharan Africa ranks the highest in cases of invasive NTS infections in the world (Feasy et
al., 2015). Besides, these NTS infections occur endemically in sub-Sahara Africa causing
bacteremia which results in 4100 deaths mostly in children (Majowicz et al., 2010).
Nontyphoidal salmonella spp. are transmitted to humans when food and water contaminated with
animal waste is ingested (Eng et al., 2015). Infection with Nontyphoidal salmonella serotypes can
result in noninvasive forms leading to gastrointestinal diseases and invasive forms causing

bloodstream infections (Feasy et al., 2012). Gastroenteritis in humans develops 6 to 12 hours after



ingestion of salmonella organisms, it is associated with nausea and cramping abdominal pain
followed by inflammatory diarrhea, fever, and sometimes vomiting. The disease is mild and lasts
for a few days although at times specific strains can cause bacteremia mostly in young children
and patients that are immunocompromised (Glynn and Pander, 1992; Gal-mor et al., 2014).
Besides reactive arthritis develops for some weeks to months after diarrhea stops. NTS
bloodstream infections affect those with underlying hemolytic conditions such as individuals
suffering from HIV, and children suffering from malaria infection as well as those with
malnutrition (Faesy et al., 2015).

The proportion of food of animal origin foodborne burden for NTS in Africa was reported to be
84% in 2010. The burden of disease attributable to consumption of pork was reported highest in
Africa where T. solium was the major causative agent followed by salmonella. Food animals are
reported to be reservoirs of NTS, however, NTS is spread by other means such as waterborne,
direct contact with animals, human to human contact (Li et al., 2019).

NTS strains such as S. Choleraesuis, S. Typhimurium, and S. Heidelberg, among others are
capable of causing sustained and frequently lethal bacteremvOic syndrome with prolonged fever,
malaise, chills, headache but rarely diarrhea. Patients may have recurrent episodes of blood
infection or other invasive infections for instance septic arthritis. The evolution of the genetic
makeup of invasive NTS into a more typhoid-like bacterium makes it possible for it to efficiently
spread around the human body (Gal-mor, 2018).

The economic development of a country has been linked to effective food of animal origin safety
systems. Therefore, the resource-poor countries suffer the highest-burden of FBD due to

inadequate systems to regulate the safety of foods. Additionally, there is a paucity of data on the



burden of foodborne illnesses. There is hence a need for a multisector approach to improving the
safety of food, particularly of animal origin through One Health initiatives.

2.3 Pork value chain in Western Kenya

Pork consumption is projected to increase as demand for livestock products increases in Kenya
tied to growth in human population, development, increased income among the middle class as
well as changing food preferences (FAO, 2010). In Western Kenya, pig keeping serves as a crucial
source of income (Mutua et al., 2011), and pigs are kept/reared under traditional management
(FAO,2010). During the purchase of pigs, it is the butchers or middlemen and at times traders who
go looking for pigs from homes or pig farms (Kagira et al., 2010; Mutua et al.,2011) and then
transport them to slaughter by trekking or using Motorcycles and bicycles (Levy et al., 2013). Pigs
are slaughtered in private slaughter facilities, before being inspected by government veterinarians,
and then sold in butcheries in local markets (Kagira et al., 2010; FAO, 2012). However, some pigs
are slaughtered on-farm, and consumption of uninspected pork has been reported (Githigia et al.
2005, Levy, 2014). Additionally, the hygiene status of slaughterhouses in Western Kenya does not
follow what is required by the Meat Control Act of Kenya pigs (Levy, 2014; Cook et al., 2017).
Raw meat is transported with nonrefrigerated metallic containers to the butcheries and it is
displayed in the pork butcheries at ambient temperature often with no protection from
environmental contamination. Butcheries serve as the main source of retail pork where the
majority of pork consumers buy pork either raw or cooked pork from butchers’ shops (Levy, 2014).
It is uncertain whether the raw pork sold to the public is contaminated with Salmonella pathogens,
yet some study has shown that pork at a retail point is more likely to be contaminated than at
slaughter (Heilmann et al., 2016). Butcheries in the low-end market like Busia offer little to no

product differentiation and their customers are low to medium-income earners who buy meat on



borne and meat is openly displayed without refrigeration. Customers also buy meat at the point-
of-sale eatery inform of roasted, fried, or boiled. A plate of cooked pork is served optionally with
a cornmeal starch made into a thick paste locally known as ugali (Levy, 2014) and for those who
like with some side vegetables which are either raw or cooked. The number of staff employed at
the pork butcheries are lower, mainly the butcher himself with the help of an extra person (Levy,
2014) hence you find one person doing the role of cutting raw pork, cooking and preparing the raw
salads. Few workers at the pork butchery are one of the contributors to contamination according
to Dang-Xuan et al., 2018. Besides, when the same hands, knives, and chopping boards are used,
there is a high likelihood of cross-contamination. There are great chances of cross-contamination
of foodstuffs in these butcheries due to unhygienic conditions.

2.4 Sources of Pork contamination with Salmonella spp.

Pigs serve as Salmonella spp. reservoirs (Kikuvi et al., 2010). Salmonella spp. have the potential
to colonize the pig’s gut, however, the majority of pigs do not show clinical signs of the disease.
Nevertheless, some salmonella serotypes such as S. Choleraesuis are reported to cause disease
whenever they infect pigs (Fedorka-Gray et al., 2000). All the stages of the pork production chain
have shown to be avenues of Salmonella (Baer et al., 2013). When the environment is
contaminated with Salmonella spp., swine end up inhaling or feeding on then especially it is in
their feed and they end up being infected (Fedorka-Gray et al., 2000) and carry it during the
transfer from the farrowing farm to the finishing farm or the slaughterhouse (Kranker et al., 2003).
Whenever the pig is infected with Salmonella spp., there is a high likelihood to end up with an
infected/ contaminated carcass according to Berends et al.,1997, compared to when the pig was
not infected. During stressful events, pigs shed Salmonella which leads to pork contamination via

feces during processing (Rostagno et al., 2009; Arguelloet al., 2013). The biggest issue



with Salmonella spp. and food safety is cross-contamination. This means the bugs from one food
are passively transferred to another food, where they grow. Slaughterhouse cross-contamination
of pork with Salmonella spp. maybe a food safety risk and without proper hygienic control, the
environment in the abattoir area can act an as important source of Salmonella contamination of
raw pork (Carrasco et al., 2009). During slaughter, carcasses are dressed by first scalding, followed
by dehairing, singeing, and lastly polishing. The scalding process has been reported to reduce the
number of Salmonella spp. (Tadee et al., 2014). However, during the scalding process, the water
temperature may drop to below 62°C and or with enough organic materials to protect the bacteria
against heat this may result in to increase in the bacteria, hence the scalding process becomes a
critical site of contamination (Letellier et al., 2009; Tadee et al., 2014). The dehairing process may
also act as a recontamination site for scalded carcass (Borch et al.,1996; Bolton et al., 2002)
facilitated by the rotating flails that may press the anus thus leading to feces coming out, thus
potentially contaminating the equipment with feces that may contain Salmonella spp. The
evisceration of the carcasses, bung dropping, and the removal of pluck set act as a source of
contamination of the carcass with Salmonella spp. besides contamination of equipment used for
splitting the carcass (Swartet al., 2016). Although equipment plays more role in carcass
contamination due to the build-up of the bacteria in or on the equipment during working hours,
workers handling the carcass as well as those equipment act as sources of contamination
(Nyamakwere et al., 2016). Carcasses, either contaminated or clean end up at the retail level.
Handling, temperature, and time are the three main factors that influence Salmonella spp.
contamination of the carcasses at the point of retail (Carrasco et al., 2012). The retail display of
the carcass acts as the weakest link (Wonget al., 2002) leading to the proliferation

of Salmonella spp. to the hazardous number during periods of temperature abuse in the display
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area. When the carcasses are being cut into smaller pieces, they are usually placed on different
surfaces that might be harboring Salmonella spp. which results in contaminated carcasses
(Borch et al., 1996; Arguello et al., 2013). Todd et al., 2010 established that contamination of the
carcass can further be accelerated by the handling of contaminated equipment as well as utensils
such as hooks, tables, and logs among others. Processing of the ready-to-eat products is the last
step for carcass decontamination at the retail level, consequently, the amount of contaminated fresh
products will at best remain the same (Wong et al., 2002).

Butchers shop that serves both raw pork and cooked pork have a high prevalence of Salmonella
spp. due to hygiene levels or cross-contamination (Hansen et al., 2010). Salmonella spp. already
endemic in butchers’ shops can also act as a source of contamination and it is believed they
originate from carcasses that were bought contaminated into the butchers’ shop (Berend 1998). It
is advisable to prepare different foodstuff in different working areas, for instance, preparing raw
pork and raw vegetable in different working areas to reduce the risk of cross-contamination
(Anderson et al., 2000). The significant risk was reported highest when the same hands, same
cutting board, and same knives were used for both raw pork and cooked pork during preparation
(Dang-Xuan et al.,2018). Cooking pork for a temperature of 65°C for 10 minutes has been reported
to kill almost all the Salmonella, however, contamination and re-contamination
with Salmonella spp. is likely to occur due to under-cooking of pork, contamination from raw
materials, food handlers, or animals inside the facility, such as insects and using same utensils for
raw and cooked pork (Mamber 2010; Dang-Xuan et al.,2018). Ready to eat vegetable salads
prepared with unwashed or inadequately washed and dried chopping boards and or knives
previously used for raw meat have been reported to be contaminated with Salmonella (Redmond et

al., 2004). Outbreaks of infectious gastrointestinal disease associated with the consumption of
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salad as well as vegetables have been reported, Sagoo et al., 2003. Vegetables grown in the natural
environment are certainly contaminated by microbiological agents existing in the soil; water used
for irrigation; wild animals; personnel; harvesting equipment and post-harvesting handling and
distribution (Goodburn and Wallace, 2013). Besides, the use of contaminated irrigation water and
manual from animals used as fertilizers leads to contamination of the vegetables. Abadias et
al.,2006 stated that to have safe food it is necessary to do thorough disinfection and
decontamination while producing foods.

2.5 Food safety interventions for pork contamination at the retail and household level

A lot of research has been done on the factors that affect pork contamination with Salmonella
during pre-slaughter stages (Wong et al., 2002; Rostagno and Callaway, 2012; Arguello et al.,
2013; Bonardi, 2017). However, post-slaughter processes, which affect the value of pork carcasses
are neglected. Transportation of live hogs to the slaughterhouse and the delivery of carcasses to
the retail are crucial steps in pork distribution since it determines the quality of pork before it
reaches the shelves (Rani et al., 2017). Generally, meat is highly perishable due to its biological
composition (Gul et al., 2016), hence spoilage bacterial growth might be accelerated when the
meat is not properly handled during transportation. During Pork distribution the aim should be;
retardation of spoilage bacteria; retain an attractive and fresh appearance of the product achieved
through good manufacturing practices, good hygiene practices, temperature control (Nychas et al.,
2008). Handling the carcass post-slaughter contributes significantly to the meat quality which in
turn affects eating quality, acceptability of the meat by consumers as well as profits (Adzitey &
Huda, 2012). According to (Adzitey & Huda, 2012), the carcass is likely to be contaminated at the
slaughter, during processing, when being transported to the retail, as well as when being handled

poorly by the consumers. Proper meat handling together with good hygiene practices is crucial for
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the quality of the final product that ends up in the retail since the higher the initial spoilage potential
bacteria, the faster the meat deterioration especially when the temperature is not controlled
(Koutsoumanis et al., 2008). Meat display at the retail point is affected by the temperature that
plays a significant role in the final quality of the product. A longer display period of pork at the
retail especially when not refrigerated or frozen enables the proliferation of spoilage bacteria. It is
therefore important to display meat unwrapped in chilled display cabinets. Microorganisms
transferred from meat to consumers which are the ‘fork’ in the farm to fork continuum results in
foodborne illness. Noteworthy, most consumers only consider the appearance and other perceived
qualities when buying pork at the retail shop due to limited knowledge of food safety (Rani et al.,
2017). Forks hence have a role to play in making sure they consume quality pork free from
potential pathogens by properly cooking meat to destroy bacteria. Promoting better meat handling,
particularly in the informal sector would result in safer meat for the consumers. Inspection of the
carcass is important to enabling condemnation of unfit carcasses since consumers only consider
meat attributes such as color, tenderness, flavor, and juiciness as their most important intrinsic
cues to judge meat quality (Glitsch, 2000).

Transportation plays a crucial role in the delivery of meat after the slaughter. Before transportation,
carcasses need to be chilled for hygiene purposes, nutrition qualities, and safety to reduce the rate
of meat deterioration and prevent the proliferation of micro-organisms just before distribution
(Rani et al 2017; Addis, 2015). However, in remote places, especially in small abattoirs or
slaughter slabs where this study was done, refrigeration may not be available and carcasses are
transported without the initial chilling and throughout the transportation. Maintaining proper
refrigeration temperatures is a challenge, especially while keeping the cold chain from breaking

during loading, unloading, and storing the carcass. It is therefore important to adhere to
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temperature and handling conditions in all the stages of the cold chain to prevent the multiplication
of bacteria. Food safety is the main concern for consumers worldwide. According to Aymerich et
al., 2008, consumers demand high quality, fresh appearing, natural, long shelf life, and tasty meat.
Once the swine has been slaughtered, techniques such as decontamination and antimicrobial
additive of the carcass help to reduce human foodborne infections. According to Omer et al., 2015,
spraying-washing the carcass using water, nonacid organic solutions help decontaminate the red
meat carcass, besides, dehairing through chemicals, live animal washing before slaughter, and spot
cleaning through hot water.

In a retail establishment, prevention of contamination and bacteria proliferation is attributable to
maintaining good hygiene practices. Ready-to-eat vegetable contaminated vegetables may occur
at any stage from the growing of the vegetables on the farm to the fork. To ensure safe ready-to-
eat products, safe production methods, proper decontamination, and disinfection practices are very
important, besides effective washing and decontamination, and proper storage at a controlled
temperature. Washing of the vegetables will enable the removal of soil particles from the
vegetables. Combining water with other ingredients such as organic acids make washing more
effective and minimizes the amount of water that will be needed to gain the same level of microbial
reduction (Mir et al., 2018).

Forks are considered the last line of defense against foodborne illness. It is of great significance to
educate consumers about high-risk foods by first identifying their food handling practices that
might place the public at risk for contact with foodborne pathogens enable. Proper food-handling
skills by the consumers are necessary from the time of purchase of the food products to processing
and making them available for themselves as well as for others to prevent the risk of pathogen

proliferation, cross-contamination, and ensure thorough cooking procedures. Consumers should
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consider cleaning and disinfection of working area after preparing raw meat, have separate
chopping boards for raw meat and other foods, ensure doneness of meat by use of a thermometer,
always ensure leftover foods are refrigerated within two hours after cooking and thorough and
frequent hand washing using warm water and soap (Murray et al., 2017). According to Cogan et
al 2015, thorough hand washing and rinsing under running water after handling Salmonella-
containing chicken reduced the occurrence of Salmonella contamination from 40% to 16.7%.
Sorry to say, most consumers are vaguely aware of hygiene practices when handling especially in
developing countries. Therefore, it is of great significance to educate consumers on how pathogens
cause foodborne diseases, and what is required of them to control foodborne illnesses (Anderson et

al., 2004)

2.6 Antimicrobial resistance

2.6.1 Introduction to Antimicrobial resistance

Antimicrobial utilization in livestock production includes illnesses treatment in aid of promoting
health and general welfare, disease control, and prevention in flocks (Sneeringer et al., 2015). The
excessive use of antimicrobials in growth promotion, feed proficiency enhancement, and
prophylaxis is likely to accelerate the development of AMR in both pathogens and commensal
organisms (Lekshmi et al., 2017). The development of multidrug-resistant bacteria has been
reported globally and this poses a risk to animals, humans, and (Agyare et al., 2018).
Antimicrobial resistance is a vital cause of death around the globe, with the most burden borne by
the low- and middle-income countries which experience weak infrastructure in terms of clean
water and sanitation. Antimicrobial resistance (AMR) comes about when microorganisms that
cause infections such as bacteria revolve with time and no longer respond to drugs hence making

infections trickier to treat. One of the leading threats to public health in the 21% century is bacterial
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antimicrobial resistance due to changes in the bacteria. According to O’ Neill 2014, AMR is
estimated to account for more than 700,000 mortalities yearly and is expected to reach 10 million
by the year 2050 given that the current trends in antimicrobial use do not cease.

Consequently, the spread of AMR is an urgent issue that needs a coordinated action plan globally
according to WHO. Misuse and overuse of antimicrobials is reported to be the main causes of the
development of drug-resistant pathogens (Antonelli et al., 2019) as it allows for the selection of
resistant isolates (Davies and Davies, 2010). The widespread use of antibiotics has led to an
increase in the selection of bacterial strains resistant to pressure from the various antimicrobial
compounds (Meek et al., 2015). Antimicrobials are misused and /or used inappropriately when
diseases and infections are poorly prevented and controlled, when there is weakness in legislation
enforcement for antimicrobial use, use of counterfeits drugs as a result of poor access to quality
medicines, and scarcity of clean water, sanitation, and hygiene (Om et al., 2017).

Bacterial AMR has resulted in the prompt spread of superbugs; multi and pan resistance bacteria
that cause infections that are not treatable with available antimicrobials is a threat to public health
worldwide (Engstrom., 20210 WHO issued a priority list for the development of new and more
effective antibiotics (Tacconelli et al., 2018)with the most emphasis put on the pathogens with
multidrug resistance. Nevertheless, the manufacturing of new antimicrobials is absent and hence
there is a lack of access to quality antimicrobials which poses a major problem and this is due to
the absence of a global assessment of the burden of bacterial AMR (Laxminarayan et al., 2016:.
Medical procedures such as cancer chemotherapy and surgeries are likely to be very risky. Besides,
AMR has led to a longer stay in the hospitals and increased healthcare costs.

Antimicrobial resistance organisms exist in people, animals, and the environment. Humans can

contract infections caused by antibiotic-resistant pathogens by preparing or consuming food
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contaminated by those pathogens. On the other hand, humans also contract the resistant pathogens
when they come in contact with animal waste via direct contact with animals themselves, and
animal environments (Chang et al., 2015). Animals contain bacteria in their guts and the antibiotic-
resistant bacteria present in animals’ guts can get into food during slaughter and processing of
food, therefore contaminating foods derived from animals. Animal wastes containing antibiotic-
resistant bacteria get into the immediate environment, consequently contaminating the
environment which pools all sorts of resistant genes. According to Van et al 2007, there is a rising
trend in the bacteria originating from foods of animal origin or retail meat which is attributable to
the improper use of antibiotics in farming practices. Antibiotics used during food animal
production account for the antimicrobial consumption by mass (Schmidt et al., 2021), so it was
established that there is a strong relationship between antibiotic consumption level and the
proliferation of antibiotic resistance. Manyi-loh et al., 2018 reported that heightened consumption
of antibiotics and resistance is a result of their extensive use in agriculture.

This increasing level of risk for the development of AMR presents a potential negative impact on
livestock production due to potential failures in treatment outcomes resulting in higher cost of
disease management on farms, increased economic losses (reduced farm productivity). This can
act as a source for the accumulation of resistance genes that are transmitted to humans who are in
contact with various products. The presence of antimicrobial residues in meat, eggs, and other
animal products affects human health (Mikecz et al.,2020). Meat and meat products contaminated
with antibiotic-resistant pathogens are reported to result in high mortality hence are of great
concern globally (Uzeh et al.,2021). Transfer of resistant pathogens to humans via food of animal
origin results in complications such as not being curable, prolonged infections, and sometimes

death.
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More than 60% of all antibacterial that is manufactured are used in animal production (Agyare et
al., 2018). Misuse of antimicrobials by the farmers especially without prescriptions, as well as
engaging in non-prudent practices, for instance, violating antimicrobial withdrawal periods,
suboptimal treatments and drug nonadherence is a common practice in low- and middle-income
countries (LMICs) (Caudell et al., 2017). This is compounded by the fact that the burden of
infectious disease is highest (LMICs), due to the poor sanitation and hygiene combined with
limited health and veterinary systems, which further increases misuse of antimicrobials and
thereby AMR (Afakye et al., 2020).

The occurrences of animal diseases cause major economic losses in the livestock industry
worldwide. The economic losses of animals attributable to diseases can be categorized as either
direct or indirect costs. Direct costs can be described as the total losses from the first confirmation
of a disease outbreak until disease freedom is declared (Porphyre et al., 2018), while indirect costs
are those economic losses incurred due to affected commodities in markets after disease freedom
is declared. Livestock illnesses contribute to losses via direct productivity losses on affected farms
which include increased mortality, weight loss, growth retardation, reproductive losses, premature
culling, reduced slaughter value, and indirect productivity losses due to prevention and control
costs (vaccination, improved biosecurity, and management cost) and treatment costs, loss in trade,
decreased market value, and food insecurity. According to (Gilbert and Rushton, 2018).

There is a need for data on both production losses and the costs of interventions to disease presence
or risks which will allow economics to guide resource prioritization and allocation to improve the

health and welfare of animals (Gilbert and Rushton, 2018).
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2.6.2 Antimicrobial resistance of Salmonella species isolated from pigs

The UN’s Food and Agriculture organization forecast strong growth in pig farming, and the
increase is expected to reach 12.7% by the year 2050 (Magnusson et al., 2019). In the future, it is
expected to have noticeable growth in antimicrobial application by 2030 (Tiseo et al., 2020). Pigs
are mostly raised in intensive conditions that are conducive to the spread of infectious infection,
hence antimicrobials are frequently used in pig farms which have resulted in antimicrobial
resistance (Monger et al., 2021). A study conducted in Quebec province in Canada which produces
pigs and pork in large quantities has shown that majority of salmonella spp. isolates are resistant
to more than three antibiotics classes, however, there has been a marked decrease in resistance to
trimethoprim/sulfamethoxazole, florfenicol, and tetracycline (Monger et al., 2021). Tetracycline
is the most common antibiotic used worldwide for pigs and in the pig microbiome, the tetracycline-
resistant genes are the most abundant (Lekagul et al., 2019). (Grasbagll et al., 2017) reported that
using tetracycline in pigs prompted co-selection for resistance genes for aminoglycosides and
tetracycline. Burrow et al., 2019 established that there is naturally an elevated resistance to
tetracycline even when pigs are raised without the antibiotics and this is attributable to facilitated
co-selection for tetracycline resistance when there is the use of another antibiotic, for instance,
trimethoprim.

There has been a disturbing trend of antimicrobial-resistant phenotypes among Salmonella spp.
such as S. typhimurium, S. enteritidis, newport around the globe recently which has raised serious
concern (Hur et al., 2012). In the same light, increased resistance is reported in fluoroquinolones,
quinolones, and extended-spectrum beta-lactamases (ESBL) such as ceftriaxone. The transmission
of pig-related multidrug-resistant Salmonella serotypes carrying clinically-relevant antibiotic

resistance genes, from pigs and pork meat to humans, has been reported and highlights the
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contribution of different drivers to the antibiotic resistance burden (Campos et al., 2019).
Antimicrobial-resistant Salmonella strains have been detected in many serotypes, such
as S. Typhimurium, S. Saintpaul, S. Derby, S. Choleraesuis, S. Braenderup, S. Heidelberg, S. Had
ar, S. Newport, S. Stanleyville, S. Fulica, and S. Uganda, among others from pigs (Hur et al.,
2011). S. typhimurium has been studied widely and the most common MDR pattern has been a
pattern of resistance to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline
(ACSSuT) (Welch et al., 2007).

Salmonella spp. resistance to antimicrobials is attributable to various means such as enzyme
production that enables inactivation of antimicrobial agents via degradation or structure
modification, reduction of bacterial cell permeability to antibiotics, modification of cellular drug
target, and activation of antimicrobial efflux pumps (Sefton, 2002). According to (Bush,
2003), Salmonella spp. have developed resistance to penicillin and cephalosporins and this can be
attributable to the acquired ability of the strains to produce beta-lactamases that can degrade the
chemical structure of antimicrobial agents. Resistance to extended-spectrum beta-lactams such as
third and fourth-generation cephalosporins is of special concern due to their critical importance in
humans and veterinary medicine (Rodriguez et al., 2009).

Salmonella serovars are significant reservoirs of antimicrobial resistance. There is a disturbing
concern for the health of the public due to the emergency of Salmonella spp. that are resistant to
antimicrobials commonly used in pig farming. According to (Campos et al., 2019), there high risk
of transmitting these Salmonella serotypes that are resistant to humans. Antibiotic-resistant
bacteria in the pigs may contaminate carcass tissues and may ultimately contaminate consumable
products found at retail (White et al., 2001). Developing countries especially sub-Saharan

countries are still far behind high-resource settings in terms of curbing the spread of AMR
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generally, and via the food chain specifically. Besides, the true burden of AMR in food animals is
only partially documented and its threat via the food chain is under-estimated in low resource
settings.

2.6.3 Drivers of AMR in Kenya

In Kenya, as it is in other developing countries, inappropriate application of antibiotics has resulted
in antibiotic resistance. Some of the factors that have contributed to inappropriate use are; poverty
(this limits their access to available antibiotics), unauthorized prescription of drugs, unregulated
sale, the heavy burden of diseases, and dearth of hygienic and clean water availability (Byarugaba,
2004; Nepal et al., 2021)

In Kenya like in other developing countries, farming is expected to be intensified due to the
increased demand for animal protein which results in excessive use of antibiotics which end up
becoming residues in food of animal origin (Manyi-loh et al., 2018). However, livestock
production is faced with the challenging lack of qualified specialists like vets due to their high
charges. Besides, most diseases are not tested in the laboratory and this has led to the purchase of
antimicrobial over the counter (Kagira et al., 2010). Additionally, over-the-counter antimicrobials
are also added to animal feeds with no prescription. Recently, Muloi et al., 2019 found that there
was an overlap between antibiotics classes sold for use both in veterinary and human medicine,
and a majority of veterinary drugs are sold without prescription. A study by Mitema et al., 2001
established that sulfonamides, trimethoprim nitrofuran, and tetracyclines are the most common
antibiotics used to treat animals in Kenya. Since then, these commonly used drugs have shown
resistance in livestock (Kariuki et al., 2013).

There is paucity in developing countries as was highlighted by the World Organization for Animal

Health stating that 94% of these countries do not have an official surveillance system. With the
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little data available, it is evident that the majority of farmers prescribe drugs on their own, there is
a lot of over-the-counter purchase of drugs as well as poor compliance to antimicrobial use such
as withdrawal periods and use of counterfeit drugs (Queenan et al., 2016).

Inappropriate use of antimicrobial in the country which has led to antimicrobial resistance is
attributable to the dearth of functioning antibiotic policies. Lack of antimicrobial stewardship that
encompasses the choice, dosing, route, and duration of antibiotic administration led to incongruous
use of antibiotics (Van Boeckel et al., 2015). The country also lacks stringent and comprehensive
surveillance systems by the government to monitor the use and resistance of antimicrobials, to
evaluate the knowledge of food animal handlers, those producing animal feeds, and the veterinary
and paraprofessionals which would help circumvent antibiotic resistance. There is hence the need
to strengthen policies that monitor antibiotic manufacture, distribution, dispensing, and
prescription, hence fostering antibiotic stewardship worldwide.

2.6.4 Control and prevention of AMR in Kenya

The Government of Kenya has prioritized the prevention and containment of AMR, through a One
Health platform by launching a National Action Plan (NAP). The government aims to implement
the NAP by creating awareness through training and research, optimizing the use of antibiotics,
and developing a sustainable investment in new medicines, diagnostic tools, and vaccines
(Government of Kenya, 2017). Consequently, a coordinated network of involvement veterinarians,
pharmaceutical industries, and regulatory authorities is critical to enforce prudent antibiotic use.
Therefore, the coordination of various stakeholders set realistic and achievable targets to minimize
the consumption of antibiotics (O’ Neill, 2016) and this will enable intensified farming to produce
more animal-sourced protein which is crucial for food safety or food security while reducing the

amount of antimicrobial used in food animal.
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between minimizing antibiotic use in food animals, while meeting the unprecedented rise of animal
protein demands, which is a fundamental food security/food safety challenge that must be
considered when defining target goals for reducing antibiotic use.

The majority of farmers need to be educated on antimicrobial use and the consequences of misuse
to public health and the environment since lack of knowledge on antibiotics is a general weakness
observed in farmers (Islamet al., 2016). A sensitization campaign should be conducted to
enlighten people on the dangers of misusing antibiotics and subsequent antibiotic resistance, with
its consequences on public health. Besides, to evade therapeutic antibiotic use in animals, proper
hygiene on farms should be strongly recommended.

Motivating veterinary officials by paying them well would lead to better animal healthcare since
most poorly paid veterinarians in Kenya as well as other developing countries seek surplus income
from selling drugs, hence the more they dispense the drugs the more they supplementary money
(Guetiya et al.,2016). Noteworthy, veterinarians supervise the prescription of antibiotics and their
administration which has been established to influence the attitude of farmers to antibiotic use is.
Thus, to optimize antibiotic use by farmers, veterinarians need to change the way they prescribe
antibiotics.

Therefore, to control antimicrobial resistance, there is a need for more research focusing on novel
antimicrobials. The public need also to be made aware of the antimicrobial and their resistance
through campaigns and training. There is also a need for infection testing through the establishment
of more antimicrobial laboratories which will enable the prescription of the right antimicrobial.
Improvement of animal husbandry is the key to reducing the usage of antimicrobial in animals and
educating farmers on the dangers of antimicrobial resistance to their animals, humans, and

environment.
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CHAPTER THREE: MATERIALS AND METHODS

3. 1 Study area

The field and initial lab-work for this study was conducted between April and October 2019 in
Busia County. Busia County is situated in Western Kenya and it borders the counties of Kakamega
to the east, Bungoma to the north, Siaya to the south, and border Uganda to the west (Wikipedia,
2019). It is made up of seven sub-counties, which are Budalangi, Funyula, Matayos, Teso-North,
Teso-South, Nambale, and Butula. However, the data was sampled from four sub-counties;
Funyula, Butula, Matayos, and Teso-south due to their higher numbers of pork butcheries and ease

of accessibility from the County headquarter situated in Matayos
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Figure 1. A map of Busia County with GPS (global positioning system) codes for the pork
butcheries in the four sub Counties where the food samples were collected

! Mapped using QGIS ( Quantum geographical information system) version 3.12
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3.2 Ethical Consent

Ethical approval for this study was obtained from the International Livestock Research Institute
(ILRI) Institutional Research Ethics Committee (IREC), ILRI-IREC2018-13. ILRI-IREC is
registered and accredited by the National Commission for Science, Technology, and Innovation

(NACOSTI) in Kenya.

3.3 Sample size

This was a cross-section kind of study aiming to determine the prevalence of contaminated pork
with Salmonella spp. sold to consumers.

3.3.1 Estimated sample size of Salmonella in raw pork

Heilmann et al., 2016 found 53.2% prevalence of Salmonella in pork butcheries. Sample size was
determined using the Dohoo et al., (2012) formula; N=Z /22 p (1-p)/ d?> (Where N= sample size;
Z a/2=critical value at 95% confidence interval and a probability of type 1 error 0.05(2 sided)
=1.96; P = estimated prevalence; proportion= (1-prevalence); d= margin of error 0.05). Therefore;
N=1.962*0.532(1-0.532)/0.05°=383 pork butcheries.

The estimated sample size (383) was more than the number of pork butcheries in sub-counties of
interest in Busia which was 170 in total (Butula 28, Teso-south 45, Funyula 37, and 60 inMatayos),
therefore the sample size for pork butcheries was adjusted to 118 using the finite population
correction factor as;

N=no = N / no + (N-1), where no is the sample size without considering the finite population
correction factor (Levine et al., 2017)

N=383*170/383 + (170 - 1) =118
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Therefore 118 pork butcheries were to be sampled from the four sub-counties and were
proportionally allocated as (number of pork butcheries in each sub-county divide by the total
number of the pork butcheries in the four sub-counties multiplied by adjusted pork butcheries
sample size). Therefore 19 butcheries were sampled from Butula, 31 from Teso south, 26 from

Funyula, and 42 from Matayos. For each butchery, 2 raw pork samples were to be collected hence

the total number of raw pork to be collected was (118 * 2) = 236.

Figure 2. Example of pork butchery from one of the four sub Counties in Busia where

samples were collected.

3.3.2 Estimated sample size of Salmonella in cooked pork samples

The estimated prevalence in cooked pork by Heilmann et al., 2016 was 1%. A precision of 5%
would give a very wide estimate of around 1% (0-6%). It was, therefore, decided a precision of
2% would be more appropriate to estimate the sample size which was calculated as below;
N=1.962*0.01*(1-0.01)/0.022=95 cooked pork samples. | decided

It was therefore decided to collect 1 cooked pork per retail unit.
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3. 3. 3 Estimated sample size of Salmonella in raw vegetables samples

The estimated prevalence of raw vegetables was 5% by Heilmann et al., 2016. Hence;
N=1.962*0.05*(1-0.05)/0.05°= 73 raw vegetable samples. The study was designed in a way that
for every cooked pork sampled from a retail shop, there will be raw vegetable sampled hence the
number of raw vegetables was sampled was expected to be equal to that of cooked pork given that

all cooked pork was accompanied by raw vegetable.

Figure 3. Raw pork and raw vegetables from one of the pork butcheries ready to be

prepared as cooked pork and side salad for consumer

3.4 Sample collection from the Field

Retail pork and raw vegetable (n=451) samples, consisting of 108 cooked pork, 262 raw pork, and
81 vegetables were collected from pork retailers in Western Kenya, Busia county. At the pork
retailer one would start with introducing themselves, 250 grams of raw pork was then bought, cut
into small pieces by the pork retailer, and packed normally as for a usual customer. Additionally,

100 grams of cooked pork and 100 grams of raw vegetables were bought from the same pork
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retailers which were served and packed as for a usual customer. In this part of the country, the
majority of pork retailers served as sources for both raw and cooked pork as well as side vegetables.
Each foodstuff was put in a sterile whirl pack, a field barcode was given, and transported to the
laboratory in cool boxes maintained at 4° Celsius using ice packs

3.5 Samples reception and processing in the laboratory

Samples were transported to the Busia ILRI laboratory within the hours of collection. The samples
for that day would be recorded manually in the laboratory book with these details; laboratory

number, field barcode, sample type, and the sub-county they were from was recorded.

3.6 Bacterial isolation

Isolation and identification of Salmonella spp. was conducted following the guidelines given by
the International Organization for Standardization. The process of isolation and identification was
done at ILRI Busia laboratory. For each food sample type, 25 gm was weighed and put in sterile
bag containing 225 ml of buffered peptone water pre- enrichment media then the mix was
homogenized for 2 minutes. Following thorough mix of the food sample and nonselective buffered
peptone water, the broth was incubated at 37°C overnight. After incubation, the broth was mixed
with the first selective enrichment broth by transferring 1 ml of pre-enrichment broth to 10 ml of
tetrathionate broth which was to enhance Salmonella growth while other microorganisms were
inhibited to grow. This was done simultaneously with mixing 0.1 ml of pre-enrichment broth with
10 ml of Rappaport-Vassiliadis which was the second selective enrichment broth and this was
followed by incubation for 18 to 24 hours at 37°C. Following growth on selective broth, each
suspect colony was streaked onto selective xylose lysine Tergitol 4 (XLT-4) agar and incubated
for 18 — 24 hours at 37°C. Following 18-24 hours incubation Presumptive Salmonella colonies

(red with black centers) on an XLT4 plate were sub-cultured on an XLT-4 agar plate to purify then
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incubated at 37°C for 18-24 hours. After incubation, (2-3) pure Salmonella colonies were streaked
on Muller-Hinton a general-purpose nutrient agar which were then incubated again at 37 degrees
Celsius for 18 to 24 hours. Following incubation at 18-24 hours, growth was transferred to
Tryptone soy broth containing 15% glycerol and stored at -40 degrees Celsius freezer to be used
later.

Figure 2 below shows the details

Inoculate pure
Transfer of colonies into

food samples

Muller-Hinton

into selective

enrichment
medium

Transfer the

isolates into

Subculture
red/yellow
colonies with

tryptone soy
broth
containing
15% glycerol

0.1ml into RVS
and 1ml into
MK-TTB

black centers
into XLT-4

Culture from
RVS & MK-TTB

Incubate at
37°C for 18-24

Stored at -40°C

freezer.

hours into XLT-4 agar

Figure 4: A flow chart diagram showing isolation of Salmonella spp. from the retail pork and

raw vegetables sampled in Busia.

3.7 Characterization of Salmonella isolates

3.7.1 Polyvalent-O testing to confirm to confirm that an isolate is Salmonella species

The frozen Salmonella isolates were thawed for about 30 minutes. They were then revived on
XLT-4 agar and incubated for 18-24 hours at 37°C. After the incubation period,

typical Salmonella colonies were cultured on Muller-Hinton agar then incubated again at 37°C for
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18-24 hours. The growth from Muller- Hinton agar was ready for slide agglutination test using
polyvalent O antisera to confirm for Salmonella.

First testing for auto-agglutination was done as follows; on a glass slide, a drop of normal saline
was carefully added followed by adding a growth from Muller-Hinton agar and then mixing them
thoroughly. If there was no auto-agglutination, the colony proceeded to test using polyvalent O
antisera. Testing with polyvalent O antisera proceeded as follows; placing a drop of saline solution
on a glass slide and adding a loop full of the colony and mix well, then polyvalent O antisera (A-
S) was added followed by mixing with a loop for one minute.

The slide was tilted for 5- 10 seconds. If an isolate was positive, agglutination was observed and
from this point onwards those isolates that tested positive for polyvalent O antisera will be referred

to as confirmed Salmonella species isolates. Figure 3 below shows the steps taken.
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‘ Test for auto-agglutination

If negative

Test the culture with polyvalent
O antisera (A-S)

If positive if negative

if positive

Auto-agglutinating
strains cannot be typed

Test for the Vi antigen (s. Typhi, s. Paratyphi and s. Dublin) — not performed

If positive
Test the culture with Monovalent O
antisera
If positive

Test the culture with monovalent H
phase 1 antisera (slide agglutination
test)

Paositive or negative

v

Phase inversion of phase 1 to
determine H phase 2.

If positive If negative for phase 2.

If negative is not Salmonella

Negative for Phase 1 & 2

Salmonella of serotype not
considered in this study — Classified
as Salmonella (unknown)

The strain has only one phase. Combine O and H results and
serotype using Kauffmann-White Scheme

The strain has 2 phases. Combine the result
of O and H antisera and using Kauffmann-
White scheme to determine the serovar.

Figure 5. Salmonella identification using slide agglutination method for the three food

stuffs sampled in Busia County.
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3.7.2 Testing for somatic O groups using somatic O antisera
The confirmed Salmonella species isolates were then tested to confirm the somatic O groups they

belonged to. The somatic O groups were chosen based on Salmonella serotypes commonly

isolated from Busia County and its environs (Wilson, 2018) as outlined in table 1 below.

Table 1: The 8 somatic O groups with individual serovars that were tested for samples
collected from four sub Counties in Busia.

Somatic O groups

Individual serovars of interest for this study

Group 3 S. Uganda

Group 4 S. Typhimurium S. Heidelberg S. Stanleyville S. Fulica
Group 7 S. Orangeburg

Group 8 S. Newport S. Hadar S. Bovismorbificans

Group 9 S. Enteritidis

Group 11 S. Aberdeen

Group 28 S. Guildford

Group 41 S. Offa

The confirmed Salmonella species isolates were revived on Muller-Hinton agar followed by
incubation at 37°C for 18 to 24 hours. Each sample was tested against the 8 groups of somatic O
antisera by placing a drop of normal saline on a glass slide followed by adding a loop full of growth
from Muller- Hinton agar. The somatic O group antisera was added then thorough mixing. Results
were observed with an unaided eye and the presence of agglutination represented a positive result

for the group being tested.
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Figure 6. Example of slide agglutination result that was from one of the food stuff sample

tested using somatic O antisera.

The results were recorded on the Open data kit. Samples that typed for more than one group of O
antisera were purified by; culturing the isolates on XLT-4 agar followed by incubation at 37
degrees for 18- 24 hours then culturing them onto M-Ha. A single well-isolated colony was then
retested with somatic O antisera and the data for the purified samples was recorded in an excel
sheet. As it was not possible to test for every possible somatic O group due to a large number of
O groups (67 groups), it was found that some isolates did not test positive for an O group,
additionally, we found occasionally isolates which tested positive to more than one O group. It
was therefore decided to utilize the analytical profile index (API) 20 E to characterize the isolates

further.

3.8 Antimicrobial susceptibility test
Salmonella spp. isolates that were positive to poly O antisera were tested against antibiotics of
interest using disc diffusion method as per guidelines proven by the Clinical and Laboratory

Standards Institute (CLSI), 2018. First step was standardization of the inoculum using McFarland
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standards ensuring a turbidity of 0.5 using a pure isolated colony to make bacterial suspension.
Using a sterile cotton swab, a bacterial suspension was then transferred to a plate containing
Muller-Hinton agar making sure the swab was rubbed in the entire agar surface in order to have a
uniformly seeded bacterial suspension and this was followed by incubation for 24 hours. Following
the drying of the inoculum, a disk containing an antibiotic compound was placed onto surface of
inoculated agar with the aid of a dispenser. The antibiotic impregnated discs were arranged as
follows in a set of two plates; plate one had Ampicillin (10ug), Cefuroxime (30ug), ceftriaxone
(30 pg), and amoxicillin-clavulanic acid (20/10 ug ratio) was placed at the center. The second
plate had Nalidixic acid (30ug), Ciprofloxacin (5ug), Sulfamethoxazole/Trimethoprim (1.25/
23.75 pg), Gentamicin (10pg), Chloramphenicol (30pug) and Tetracycline (30pg) then the plates
were incubated at 37°C for 24 hours. Control strain was E. coli ATCC 25922 as it is susceptible to
virtually all antimicrobials. Following the 24 hours, there was distinct zones of inhibition which
appeared as clear zones around each antibiotic disc was measured.

3.9 Data handling and analysis

Data obtained was analyzed in R software version 3.0.2. Descriptive tables were created using
proportions for the three food samples (cooked pork, raw pork, and raw vegetables). The
prevalence of Salmonella species in retail pork and raw vegetables was calculated by dividing the
total number of positives samples for polyvalent O antisera with the total number of samples
collected at a 95% confidence interval and a p-value of 5%.

A homogeneity test was applied to assess whether the difference in the prevalence of the three
food samples was significant using the formula; Chi-squared = sum of (observed — expected) 2
expected. The null hypothesis stated that there is no significant difference in the prevalence

of Salmonella contamination of the three food types, over that would be observed by chance and
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vice versa for the alternative hypothesis. Post hoc result was based on a method called “fdr” in R

under the “rcompanion” package
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CHAPTER FOUR: RESULTS

4.1. Contaminated samples differences across sub Counties

In Butula a total of 75 foodstuff samples ( 43 raw pork, 17 cooked pork, and 15 raw salads) were
collected and 22/75 (19 raw pork, 1 cooked pork, and 2 raw vegetables) of these samples were
contaminated with Salmonella spp. 130 foodstuff samples (71 raw pork, 35 cooked pork, and 24
raw vegetables) were collected from Teso- South and 45/130 of these samples (42 raw pork and 3
raw vegetables) were contaminated with Salmonella spp. In Funyula, a total of 73 foodstuff
samples (49 raw pork, 15cooked pork, and 9 raw vegetables) samples were collected. 34/73 of
these foodstuff samples (32 raw pork, 1 cooked pork, and 1 raw vegetable) were contaminated
with Salmonella spp. In Matayos, 173 foodstuff samples (99 raw pork, 41 cooked pork, and 33
raw vegetables) samples were collected. 46/173 of these foodstuff samples (36 raw pork and 10

raw vegetables) were contaminated with Salmonella spp

4.2 Prevalence of Salmonella infection in retail pork and raw vegetables samples

A total number of 118 pork retailers were visited (Butula 19, Teso-south 31, Funyula 26 and
Matayos 42), and 451 samples (262 raw pork, 108 cooked pork, and 81 raw vegetables served
alongside cooked pork) were collected. 222 of these samples had at least one presumptive
Salmonella species isolated and stored. 147 samples 32.59% (147/451 95% C.1 32.40% - 32.80%)
had at least one presumptive Salmonella species confirmed by polyvalent O antisera and the data
analysis going forward uses these confirmed Salmonella species isolates. Table 2 below shows the

prevalence of Salmonella in the three food types.
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Table 2: The prevalence of Salmonella species in three food samples collected from pork
butcheries in Busia County

Sample types Number Number Prevalence of 95% ClI

sampled positive Salmonella spp.

Lower class Upper class

Raw pork 262 129 (49.24%) 48. 86% 49.61%
Cooked pork 108 2 (1.85%) 1.61% 2. 10%

Raw vegetables 81 16 (19.75%) 18. 79% 20. 72%
Totals 451 147 (32.59%) 32.40% 32.80%

A chi-square test of homogeneity was done for 451 samples collected using RStudio. It was
concluded that the difference in the prevalence of Salmonella contamination in raw pork, cooked
pork and raw vegetables was significant. The post hoc test shows that all the comparison categories
are significantly different. See table 2 below for details.

4.2.1 Homogeneity test

A chi-square test of homogeneity was done for 451 samples (262 raw pork, 108 cooked pork and
81 raw vegetables) collected in R. studio. 147/451 samples (129/262 raw pork, 2/108 cooked pork
and 16/ 81 raw vegetables) were contaminated with Salmonella spp. Table 3 below illustrated

summarized data of the three-food type’s contamination with Salmonella in a two-way table
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Table 3. Summarized data of the three food types in a two- way table representing the

observed and the expected values used for the chi square statistics

Observed

Salmonella contamination

Yes no Totals
Raw pork 129 133 262
Cooked pork 2 106 108
Vegetables 16 65 81
Totals 147 304 451

Expected values

Salmonella contamination

Yes no Totals
Raw pork 85.39690 176.60310 262
Cooked pork 35.20177 72.79823 108
Vegetables 26.40133 54.59867 81
Totals 147 304 451

In conclusion, there is a significant difference in the prevalence of Salmonella contamination in r
aw pork, cooked pork and raw vegetables. Table 4 below shows post hoc results.

Table 4. Post hoc test

P value chi square

Comparison P value adjusted Chi square
1.28E-17

1 raw pork: cooked pork 3.84E-17
4.97E-06

2 raw pork: vegetables 7.46E-06
9.68E-05

3 cooked pork: vegetables 9.68E-05
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4.3 Characterization of Salmonella isolates from retail pork and raw vegetables

4.3.1 Somatic O groups identified

144 out of 147 (128 raw pork, 14 raw vegetables, and 2 cooked pork) samples that were confirmed

to be Salmonella species were tested for somatic O groups using somatic O group antisera. 103

out of 144 samples (93 raw pork, 2 cooked pork and 8 raw vegetables) were positive for somatic

O groups. 84 out of the total O group positive samples tested for just a single group of the eight O

groups that were being tested while 19 samples tested for more than one group being tested even

after purification of the isolates as described in the methods as illustrated below.

Table 5. Result for the somatic O groups

Serogroups N Raw pork (%) Cooked Pork Raw vegetable
(%) (%)

Group 3 9 8 (88.89%) 1(11.11%) 0

Group 4 17 14 (82.35%) 1 (5.88%) 2 (11.76%)

Group 7 18 16 (88.89%) 0 2 (11.11%)

Group 8 26 22 (84.62%) 0 4 (15.34%)

Group 9 9 8 (88.89%) 0 1(11.11%)

Group 11 2 2 (100%) 0 0

Group 28 2 2 (100%) 0 0

Group 41 1 1 (100%) 0 0

Group (7 and 8) 15 13 (86.67%) 0 2 (13.33%)

Group (3,7 and 8) 1 1 (100%) 0 0

Group (3,8 and 9) 1 1 (100%) 0 0

Group (7 and 9) 1 1 (100%) 0 0

Total 102 89 (87.25%) 2 (1.96%) 11 (10.78%)
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4.3.2 Antimicrobial susceptibility test (AST) for Salmonella isolates.

135/147 (91.84%) isolates (118 raw pork, 15 raw vegetables and 2 cooked pork) were resistant to
one or more antibiotics tested. 67/147 (45.58%) isolates had multidrug resistance (resistant to three
or more classes of antibiotics). while 99 (67.35%) of the isolates had extended drug resistant
(XDR). Extended drug resistant in this case were the isolates that were resistant to one or two first
line drugs (Ampicillin, Chloramphenicol, Trimethoprim/sulfamethoxazole, fluoroquinolones and
third generation cephalosporins. The highest level of resistance was observed for Gentamicin
(63.94%), Ampicillin (59.86%), Cefuroxime (34.69%) and Amoxicillin/Clavulanic acid
(25.17%). Most isolates were susceptible to Sulfamethoxazole/ Trimethoprim (86.39%) followed
by Chloramphenicol (80.95%) then Ceftriaxone (61.22%) and Tetracycline (52.38%). There were
no isolates susceptible to Ciprofloxacin (0%) as shown in (Table 6 and 7).

Table 6. Prevalence of a drug and multidrug resistance in retail pork and raw vegetables

Food Salmonella  No. drug 95% CI No. resistant  Multidrug 95%CI
sample positive resistant  resistant to3ormore  resistant
types isolates to prevalence antimicrobial prevalence
antibiotics class
tested
Upper  Lower Upper  Lower
class class class class
Raw 130 119 91.54% 91.96% 91.12% 63 48.46% 49.22% 47.71
pork %
Cooked 2 2 1% 1% 1% 0 0% 0% 0%
pork
Raw 15 14 93.33% 96.59% 90.07% 5 33.33% 39.49% 27.17
vegetable %
Totals 147 135 135/147 92.20% 91.47% 68 68/147 46.92% 45.59
(91.84%) (46.26%) %
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Table 7: Antimicrobial antibiogram assay of Salmonela contaminted food samples from the

pork butcheries in Busia County

Antimicrobials

Salmonella isolates (N = 147)

Resistance (N (%0)) Susceptible (N (%)) Intermediate (N
(%))

AMP 88 (59.86%) 33 (22.45%) 26 (17.69%)
CRO 7 (4.76%) 90 (61.22%) 50 (34.01%)
AMC 37 (25.17%) 73 (49.66%) 37 (25.17%)
CXM 51 (34.69%) 52 (35.37%) 44 (29.93%)
NA 30 (20.41%) 8 (5.44%) 109 (74.15%)
CIP 35 (23.81%) 0 (0%) 112 (76.19%)
SXT 14 (9.52%) 127 (86.39%) 6 ((4.08%)
CN 94 (63.95%) 14 (9.52%) 39 (26.53%)
C 5 (3.40%) 119 (80.95%) 23 (15.65%)
TE 14 (9.52%) 77 (52.38%) 56 (38.10%)

Key: AMC = Amoxicillin/Clavulanic acid, AMP = Ampicillin, TE = Tetracycline, CN =

Gentamycin, SXT = Sulfamethoxazole-Trimethoprim, NA = Nalidixic Acid, CRO =

Ceftriaxone, CXM=Cefuroxime, C=Chloramphenicol, CN=Gentamicin, MDR=Multidrug

resistant, DR=Drug resistant

A number of antimicrobial resistant patterns for the three food samples are shown in the table 8

below. In this case MDR was considered to be resistant to three or more different classes of

antibiotic. One raw pork isolates was resistant to seven antibiotics out the ten antibiotics tested

which was the highest recorded.
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Table 8. Drug resistant profile for the three food samples collected in Busia County

Resistance profile No. of isolates with  Resistant category

resistance profile (N

(%)
AMP-CRO-AMC-CXM-NA- 1(0.68) MDR
CIP-CN
AMP-AMC-NA-CIP-CN- 1(0.68) MDR
AMP-AMC-CIP-SXT-CN-TE 1(0.68) MDR
AMP-AMC- TE CXM-NA-CIP-  5(3.40) MDR
CN
AMP-AMC-SXT-CN-TE 1(0.68) MDR
AMP-CXM-NA-CN-TE 2(1.36) MDR
AMP-AMC-CXM-SXT-TE 1(0.68) MDR
AMP-AMC-CXM-NA-CN 1(0.68) MDR
AMP-NA-CIP-SXT-CN 1(0.68) MDR
AMP-AMC-NA-CIP-CN 2(1.36) MDR
NA-SXT-CN-TE 1(0.68) MDR
AMP-SXT-CN-TE 1(0.68) MDR
AMP-CXM-CN-TE 1(0.68) MDR
AMP-CRO-CIP-SXT 1(0.68) MDR
AMP-AMC-NA-CN 2(1.36) MDR
AMP-AMC-CXM-CN 2(1.36) MDR
CXM-NA-CIP-CN 1(0.68) MDR
AMP-CXM-CIP-CN 1(0.68) MDR
AMP-AMC-CIP-CN 3(2.04) MDR
AMP-AMC-NA-CIP 2(1.36) MDR
AMP-AMC-SXT-C 1(0.68) MDR
AMC-NA-CN-C 1(0.68) MDR
AMP-NA-CN-C 1(0.68) MDR
AMP-CRO-CN-AMC 1(0.68) MDR
AMP-CN-C 1(0.68) MDR
AMP-AMC-CIP 2(1.36) DR
AMP-CRO-CIP 1(0.68) MDR
AMP-AMC-CXM 2(1.36) DR
AMP-AMC-CN 4(2.72) DR
CXM-CIP-CN 4(2.72) DR
NA-CIP-CN 2(1.36) MDR
AMP-CIP-CN 1(0.68) MDR
AMP-CRO-CN 1(0.68) MDR
AMP-CXM-CN 8(5.44) MDR
CXM-NA-CN 1(0.68) MDR
AMP-NA-CN 1(0.68) MDR
AMP-CRO-SXT 1(0.68) MDR
CXM-NA-CIP 1(0.68) MDR
AMP-AMC 2(1.36) DR
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AMP-C 1(0.68) DR

AMP-CIP 5(3.40) DR
AMP-CRO 1(0.68) DR
AMP-CXM 1(0.68) DR
CXM-CN 14(9.52) DR
AMP-CN 9(6.12) DR
NA-CN 1(0.68) DR
SXT-CN 1(0.68) DR
AMP-NA 1(0.68) DR
CXM-TE 1(0.68) DR
CXM 2(1.36) DR
AMP 9(6.12) DR
CN 14(9.52) DR
NA 1(0.68) DR
TE 2(1.36) DR

4.4 Contaminated samples differences across Sub Counties

In Butula a total of 75 food stuff samples (43 raw pork, 17 cooked pork and 15 raw salads) were
collected and 22/75 (19 raw pork, 1 cooked pork and 2 raw vegetables) of these samples were
contaminated with Salmonella spp. Out of 19 retail pork butcheries sampled, 6 of them had each
two or more samples collected that tested positive for Salmonella. In Teso-South, 130 food stuff
samples (71 raw pork, 35 cooked pork and 24 raw vegetables) were collected and 45/130 of these
samples (42 raw pork and 3 raw vegetables) were contaminated with Salmonella spp. 31 butcheries

were sampled and 11 of them had each two or more food stuff samples contaminated.

In Funyula, 73 food stuff samples (49 raw pork, 15cooked pork and 9 raw vegetables) samples
were collected. 34/73 of these food stuff samples (32 raw pork, 1 cooked pork and 1 raw vegetable)
were contaminated with Salmonella spp. 26 pork retail shops were sampled and 12 of the had each
two or more-food stuff contaminated. In Matayos, 173 food stuff samples (99 raw pork, 41 cooked
pork and 33 raw vegetables) samples were collected. 46/173 of these food stuff samples (36 raw

pork and 10 raw vegetable) were contaminated with Salmonella spp. Out of the 42pork retail shop
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sampled, 13 of them had each two or more food stuff samples contaminated with Salmonella spp.

See details in (Table 9) below

Table 9. cross contamination across the 4 sub-Counties with antibiotics resistant result for

every sample

Butula Food sample type Antibiotic resistant profile
BTL,Rno.1 Raw pork AMP-AMC-NA-CN
Raw pork CXM-CN
Raw pork CXM-CN
BTL, Rno.5 Raw pork AMP-CIP
Raw vegetable CXM-CN
BTL, R no.9 Raw pork AMP
Raw pork AMP-CN
BTL, R no.12 Raw pork NA-CIP-CN
Raw pork CXM-CIP-CN
Raw vegetables CXM-CN
BTL, R no.13 Raw pork AMP-AMC-CXM-NA-CIP-CN
Raw pork CXM-CIP-CN
Teso- South
TS,Rno.5 Raw pork AMP-NA
Raw pork AMP-AMC-CIP-CN
Raw vegetables CN
TS, Rno.9 Raw vegetables AMP-CXM
Raw pork AMP-CN
TS,Rno.11 Raw pork CN
Raw pork AMP-AMC-CN
TS, R no.19 Raw pork NA-CN
Raw pork CN
TS, R no.22 Raw pork AMP-CN-C
Raw pork AMP-CIP
TS, R no.27 Raw pork AMP-CRO-CN
Raw pork AMP-CRO
TS, R no.28 Raw pork AMP-CRO
Raw pork AMP-CXM-CN
TS, R no.32 Raw pork AMP-CRO-CIP
Raw vegetable AMP-AMC-NA-CIP
Raw pork AMP-AMC-CXM-NA-CIP-CN
Raw pork AMP-AMC-CIP
Raw pork AMP-NA-CN-C
TS, R no.34 Raw pork AMP-AMC-CN
Raw pork AMP-AMC-CIP-CN
TS, R no.35 Raw pork AMP
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Raw pork AMP-CN
TS, Rno.38 Raw pork AMP-CIP-CN
Raw pork AMP-C
Funyula
FYL,Rno.l Raw pork CXM-NA-CIP
Raw pork AMP-CXM-NA-CN-TE
FYL, Rno.2 Raw pork AMP
Raw pork AMP-AMC-CXM-CN
FYL,Rno4d Raw pork AMP-CXM-CN-TE
Raw pork AMP
FYL, R no.7 Raw pork AMP-CRO-AMC-CXM-NA-CIP-
CN
Raw pork AMP-AMC-CXM-NA-SXT-CN
Raw pork AMP-CN
FYL, Rno.8 Raw pork AMP
Raw pork AMP-AMC-NA-CIP-CN
FYL, Rno.9 Raw pork CXM-CN
Raw pork AMP-AMC-NA-CIP-CN
FYL, R no.13 Raw pork CXM-NA-CN
Raw pork CN
FYL, R no.14 Raw pork AMP-AMC-CIP-SXT-CN-TE
Raw pork AMC-NA-CN-C
FYL, R no.20 Raw pork AMP-NA-CN
Raw pork SXT-CN
FYL, R no.22 Raw pork AMP-SXT-CN-TE
Raw pork AMP-AMC-CXM-NA-CIP-CN
FYL, R no.24 Raw pork AMP-AMC-CXM-NA-CN
Raw pork AMP-AMC-NA-CIP-CN-TE
FYL, R no.26 Raw pork -
Raw pork NA-SXT-CN-TE
Matayos
MTY, R no.17 Raw vegetable CXM
Raw pork AMP-CXM-NA-CN-TE
Raw vegetable CN
Raw pork NA
MTY, R no.19 Raw pork AMP-SXT
Raw pork AMP-SXT
MTY, R no.21 Raw pork CN
Raw pork CXM-CN
MTY, R no.23 Raw vegetable AMP
Raw pork Susceptible
MTY, R no.28 Raw pork CN
Raw pork Susceptible
MTY, R no.31 Raw pork AMP-CN
Raw vegetable CXM-CN
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MTY, R no.34 Raw vegetable AMP-CIP
Raw pork Susceptible
MTY, R no.35 Raw pork CXM-TE
Raw pork CN
MTY, R no.37 Raw vegetable AMP
Raw pork AMP-AMC-CXM-CN
MTY, R no.38 Raw vegetable AMP-AMC-SXT-CN-TE
Raw pork AMP-AMC-CXM-SXT-TE
MTY, R no.40 Raw pork CXM-CN
Raw pork AMP-AMC-CXM-NA-CIP-CN
MTY, R no.49 Raw pork AMP-AMC-CXM
Raw pork Susceptible
MTY, R no.51 Raw pork Susceptible
Raw pork AMP-CIP

Key: BTL (Butula), FYL (Funyula), MTY (Matayos), TS (Teso South), R (Retailer), no. (Number)
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CHAPTER FIVE: DISCUSSION, CONCLUSION AND RECOMMENDATION

5.1: Discussion

In the present study, the overall prevalence of Salmonella contamination in pork samples and raw
vegetables served alongside cooked pork from four cities in Busia county was 32.59% (147/451
95% C.I 32.40% - 32.80%). Considering the hygiene status of butcheries in Busia operates, a
prevalence of 32.59% is not surprisingly high. Poor sanitation, hygiene and inadequate quality
water supply in retail shops contributes to Salmonella spp. contamination of pork (Kariuki et al.,
2013). There is a high likelihood of pork butcheries not meeting minimum sanitation and hygiene
standards in Busia, however this cannot be confirmed from this study. Besides, a study conducted
by Chepkemoi et al., 2015 reviewed those butcheries in Kenya do not meet minimum sanitation
and hygienic standards. Though there are no hard data to substantiate this in the present study, it
can be suspected that these pork butcheries where the present study was conducted may be poorly
cleaned and disinfected, inadequate water supply in the pork butchery, lack of training to the meat
handlers at the butcheries, and unhygienic handling of pork and other raw vegetables may have
contributed to a great extent to the high prevalence of Salmonella at the retail level in this study.
Unfortunately, there is no similar study to compare with in the country, however, in other part of
the world, similar studies have shown comparable results. Heilmann (2016) reported a prevalence
of 8.8% of 693 samples from Kampala pork joints in Uganda, Yang et al., 2019 reported a
prevalence of 37.3% of 287 samples from retail pork in China.

This study presented a significant difference in the prevalence of Salmonella in the three food
stuffs; raw pork at 49.24% (129/262 95% C.I 49.61% - 48.86%) followed by raw vegetables at
19.75% (16/81 95% C.I 20.72% - 18.79%) then cooked pork at 1.85% (2/108 95% C.1 2.10% -

1.61%) which correlates with that which was established by (Heilmann, 2016). In another study
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conducted on pigs at slaughter by (Wilson et al., 2018) that was carried out in the same place as
the present study indicated a higher prevalence 67% (39/61 C.1 51.9-76.0%) of Salmonella spp.
recorded a higher prevalence of pork carcass at the slaughter compared to that at the butchery. The
lower prevalence of salmonella spp. at the pork butcheries may indicate reduced spread of
salmonella spp. On the other hand, the high prevalence of raw pork contamination suggests that
there is a likelihood of slaughtered pigs being infected with Salmonella spp. from other carcasses.
Infected carcasses act as avenues for infection of other slaughtered pigs if strict hygienic practices
are not followed (Baer et al., 2013).

Prevalence of Salmonella spp. in cooked pork 1.85% (2/108 CI 1.61%- 2.10%) compared to that
of raw pork (49.24% (129/262 95% C.1 49.61% - 48.86%) in this study was significantly low. This
is a clear indication that cooking helps to reduce the amount Salmonella spp., however, to make
sure most of Salmonella spp. are destroyed cooking should be done for at least 65°C for ten
minutes (Doyle and Mazzotta, 2000). Undercooked pork could be the reason for the 1.85%
prevalence observed in this study, however, cross contamination and recontamination may have
occurred while handling the cooked pork, for instance, using the same utensils for both raw and
cooked pork and lack proper hand washing. Thoroughly cooked pork is safer for the consumers.
Prevalence of Salmonella spp. in raw vegetables of 19.75% (16/81 CI 18.79%-20.72%) could
suggest that there is a likelihood of cross-contamination with juices from contaminated raw pork
especially when the same hands, utensils, and surfaces were used to handle raw vegetables and
raw pork. Raw vegetables intended to be consumed as salads can be of great risk to the consumers
if they are contaminated with Salmonella spp. since they are not intended to be washed. Therefore,
raw vegetables should be handled separately and should be cleaned thoroughly to avoid cross-

contamination.
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In the present study, the vast majority 92% (135/147) of the samples in this study were resistant to
at least one of the ten antimicrobials tested with the highest resistance recorded in gentamicin
(63.94%) followed by ampicillin (59.86%) and cefuroxime (34.69%). These drugs are commonly
used for treatment or prophylaxis in Kenya and are readily available over the counter. These
findings were consistent with what of Ndoboli et al., 2018 of 98% antibiotic resistance. The
closeness of the results of the present study and that of Ndoboli et al., 2018 could be due to similar
sample types (samples from pork retail point). This suggests that retail outlets are import in the
pork value chain since as evidenced by these studies, they serve as the source of AMR Salmonella
isolates that ends up to the consumers. However, the results of this study were much higher than
10% reported by (Wilson, 2018) and 36% reported by Kikuvi et al., 2010 from pigs at the
slaughter. This suggests that the pork retail outlets are highly contaminated with Salmonella spp.
with drug resistant genes than pigs at slaughter. It has been reported that Salmonella spp. differ
from experiment to experiment or from place to place and within the same place with different
experiment or samples, this justifies the reason for the above statement.

Most of the resistance was observed in raw pork at 87.41% (118/135), followed by raw vegetables
with 11.11% (15/135), and lastly with cooked pork with a resistance of 1.48% (2/135). Without
proper hygienic measures in the pork butcheries that serve raw pork and cooked pork as well raw
salads can lead to the transfer of AMR Salmonella spp. to consumers which can be of great risk to
the health of the public. In this study, the least resistance was observed in cooked pork which could
suggest with proper cooking, most of the AMR Salmonella spp. were destroyed. Raw vegetables
consumed as salads can transfer AMR Salmonella spp. to the consumers and hence those handling

foods need to practice good hygienic measures when handling ready-to-eat salads.
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The highest resistant were observed in Gentamicin (63.94%), Ampicillin (59.86%) and
Cefuroxime (34.69%). These findings correlate with those of Ndoboli et al., 2018 where they
gentamicin, ampicillin and cefuroxime among the most resistant antibiotics. Interestingly, low
resistant to tetracycline and trimethoprim/sulfamethoxazole was similar to Ndoboli et al., 2018
conducted in Uganda. In contract, kikuvi et al., 2010 reported no resistant to gentamicin and
highest resistant was observed in tetracycline and streptomycin and ampicillin which was similar
to what was reported by (Wilson, 2018) both of which were conducted in Kenya. In Kenya almost
all the drugs that are used for veterinary medicine are the same ones that are used in humans to a
large extent signifying misuse of antimicrobials. Ampicillin, tetracyclines and streptomycin are
readily available and sold over the counter to anyone buying not necessarily to a vet or animal
health practitioner hence encouraging unscrupulous practices. This may explain the findings of
this study although there is paucity of studies to show information on antimicrobial use by farmers.
In the present study, a vegetable sample was resistant to seven different antimicrobials (AMP,
CRO, AMC, CXM, NA, CIP and CN) which was the highest number from a single sample and a
raw pork from the same butchery was resistant to six antimicrobials (AMP, AMC, CXM, NA,

SXT, CN).

Recently, Salmonella serotypes especially S. typhimurium have been found to have XDR (Eng et
al., 2015), in this study, resistant to the first line drugs (AMP, C, SXT, CIP, CRO was observed in
67.35 % samples. This means that bacterial infections will have to be treated with other antibiotics
that are more potent such as fourth generation cephalosporins. In most cases, especially in Kenya,
use of antimicrobials depends on the cost and availability of the drugs (Mangesho et al., 2021).
Most people buy cheap and most available drugs for their own use and that of the animals hence

resistant to these drugs is worrisome for the majority of the people that cannot afford expensive
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drugs. One of the remedies to this will be to reduce antimicrobial use through adoption of
preventative measures such as prophylactic use of antibiotics in animals and good hygienic
practices. Some basic food safety measures, such as convenient hand-washing with water and soap
especially before and after meal preparation, after usage of toilets, effective vegetable-washing,
adequate cooking temperatures, and food storage are important to reduce the spread of antibiotic-

resistant bacteria and the prevalence of antimicrobial resistant foodborne infections.

5.2 Conclusions

This study presents Salmonella prevalence, characterization, and antimicrobial-resistant from pork
butcheries in Busia, Kenya. This study generated evidence for the first time on the high prevalence
of Salmonella in pork butcheries and the raw pork recorded the highest prevalence of Salmonella
spp. followed by raw vegetables and lastly the cooked pork. It is evidence in this study that retail
pork and raw vegetables are able to carry a wide variety of non-typhoidal salmonella that are
capable of causing diarrheal diseases in people. The study highlights that retail pork and raw
vegetables served alongsided cooked pork have increased resistance to commonly used antibiotics

such as ampicillin, hence the humans are at risk of consuming the resistant strains.

5.3 Recommendations

Educating and training food handlers and consumers on food safety is therefore essential to
enhance their knowledge on foodborne infections and hazards. More research is required in future
on specific MDR serotypes or clones that are related to pig/pork to help reduce their introduction

in the food of animal origin which will further prevent them from being transmitted to humans.
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ABSTRACT

Salmonella species are gram-negative bacteria and a major cause of foodborne burden that have
the potential to be transmitted from food of animal origin to humans posing. This research aimed
at determining the prevalence and characterization of Salmonella Spp. in raw pork, cooked pork
and raw vegetables served alongside cooked pork from pork butcheries in four selected sub-

Counties in Busia County, Western Kenya. 451 samples were collected and these consisted of 262
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raw pork, 108 cooked pork and 81 side salads served alongside cooked pork. Samples were
cultured in Salmonella selective media. Isolated Salmonella spp. were then identified using genus
antiserum. Serotyping was done using Kauffmann-Whyte scheme and antimicrobial sensitivity
was determined using disc diffusion method. High prevalence, 32.59% (147/451 95% CI 32.40%
- 32.80%) of Salmonella spp. was detected from the three food stuffs. High antimicrobial resistant
levels of 91.84% (135/147 95% CIl 91.47%-92.20%) was recorded. 46.26% (68/147 95% ClI
45.59%-46.92) of the samples were multidrug resistance. Highest resistant was recorded in
Gentamicin and Ampicillin. This present study highlights worryingly high prevalence of
antimicrobial resistant Salmonella spp. in retail pork and raw salads. This work presents first report

work on Salmonella serotypes in retail pork in Kenya.

Keywords: Salmonella, antibiotic resistant, retail pork, isolates, serotyping.
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