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                                                            ABSTRACT 

Toxoplasmosis is one of the neglected zoonotic diseases with serious health impact in im-

munocompromised individuals. Ingestion of infective stages of Toxoplasma gondii (T. 

gondii) present either in raw or uncooked meat, contaminated vegetables, fruits and water is 

the major route for human infections. The main aim of this study was to determine the sero-

prevalence of T. gondii in pigs slaughtered at Ndumbu-ini abattoir and predisposing practices 

that exposes slaughterhouse workers to this infection across four operational areas within the 

slaughterhouse: stunning area, scalding and dehairing area, evisceration and cutting and dis-

patch area.  

A cross-sectional study was conducted at a medium-scale pig abattoir in Kiambu County, 

Kenya where 529 blood samples were collected from pigs slaughtered between the 5th Janu-

ary and 5th March, 2021. Data on the county of origin, farm size, sex and pig liveweight were 

collected in pigs that were recruited into the study. Sera samples obtained were subjected to 

Indirect-Enzyme Linked Immunosorbent Assay to detect the presence of T. gondii Immuno-

globin G (IgG). The overall seroprevalence of T. gondii was 34.53% (95% C.I. 30.16 - 

39.17%). Pigs’ liveweight was used as a rough proxy for age and a statistically significant 

association was found between increasing liveweight and T. gondii status in slaughtered pigs 

(p = 0.044). Farm size also was statistically significant with T. gondii seropositivity (<0.001) 

and when subjected to logistic regression model, farm size with approximately >100 pigs was 

a significant protective factor towards T. gondii seropositivity (OR= 0.17). 

Qualitative data were collected on various predisposing practices that would expose slaugh-

terhouse workers to infection across four operational areas within the pig slaughterhouse.  

Within the slaughterhouse, 100 % of the abattoir workers did not wash their hands and work-

ing tools with soap and water at the stunning and scalding and dehairing areas and 95.83% at 

the evisceration points. Washing of hands and working tools with soap and water was only 
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practiced at cutting and dispatch section. Abattoir workers were observed adhering to basic 

personal protective clothing with 100 % wearing their gumboots and white overcoats in three 

stations with only a small number, 1.04% who did not wear their white overcoats at the cut-

ting and dispatch area. Wearing of gloves was not a common practice with 100 % of workers 

at stunning, scalding and dehairing and evisceration areas and 95.83% at cutting and dispatch 

section were observed not wearing gloves. Splashing of blood and raw pork on the faces of 

the slaughterhouse workers was observed in; 62.50% of workers at the stunning area, 50 % at 

the scalding and dehairing area, 58.33% at evisceration and 62.50% at cutting and dispatch 

section.  A small number, 8.33% and 4.17 % were observed eating within the slaughterhouse 

at evisceration and cutting and dispatch sections respectively. About 71.0 % of workers at 

stunning, 70.83% at scalding and dehairing, 45.83% at evisceration and 66.67% at cutting 

and dispatch areas were observed not wearing their mask properly despite the ongoing Covid-

19 pandemic. This finding calls for training of slaughterhouse workers on the risks for expo-

sure to zoonoses during slaughter process and the need for management to mitigate these 

risks by establishing standard operating procedures at the abattoirs to minimize risk of infec-

tions of workers and also to guarantee food safety. 

Keywords: Toxoplasmosis, Toxoplasma gondii, foodborne zoonoses, exposure, risk practic-

es, pork.
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 CHAPTER ONE: BACKGROUND 

T. gondii is  a zoonotic parasite  that affect warm-blooded animals including man (Zhou et 

al., 2018). The parasite exists in three infective stages; the oocysts, tachyzoites and bradyzo-

ites. Oocysts are released through feces of infected cats, the definitive host after completion 

of the sexual stage of the parasite’s lifecycle. Tachyzoites and bradyzoites are involved in the 

asexual stage of the parasite’s lifecycle in man, sheep, goats, pigs, birds, rodents, cattle and 

poultry, the intermediate hosts (Zhou et al., 2018). 

People get infected through consumption of oocysts in contaminated water, soil, fruits and 

vegetables and tissue cysts present in raw or undercooked meat. Humans are majorly infected 

through consumption of infected raw or undercooked meat and  infection rates of between 

10% - 30% have been found  in most countries (Dubey & Jones, 2008).  In pregnant women, 

the parasite can be passed to the unborn child through the placenta. Globally, T. gondii is es-

timated to infect 30% of human population with over 1 million toxoplasma infection cases 

being reported in the European nations yearly by the World Health Organization (Demar et 

al., 2007). The infections are unnoticed in persons with strong immune system but it cause 

serious health complications in people with weak immunity like encephalitis, ocular abnor-

malities and respiratory infections (Bamba et al., 2017). Transplacental infection during the 

first trimester of pregnancy leads to miscarriages, stillbirths and congenital anomalies such as 

hydrocephaly and microcephaly  (Weiss & Dubey, 2009a) 

Pigs are among the major reservoirs of T. gondii and they acquire the infections postnatally 

by consuming sporulated oocysts in dirtied feed, soil and water or by eating bradyzoites in 

tissue cysts of infected intermediate hosts pigs (Weiss & Dubey, 2009b). Infection through 

placental route occur also in pigs (Weiss & Dubey, 2009b) . Studies have shown the presence 

of T. gondii in pigs. In  Mexico, the status of T. gondii in fattening pigs as reported by 
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Ortega-Pacheco et al. (2013) was 95.8%   while Sandfoss et al. (2011) reported  27.7% Tox-

oplasma IgG antibodies in feral pigs in  Eastern North Carolina . In Africa, a sero-

epidemiological study to determine T. gondii status in  food animals reported  26.0% preva-

lence in pigs  (Tonouhewa et al., 2017).  In Jos, Plateau State Nigeria, the seropositivity was 

found to be 46.2% (Ishaku et al., 2018) and in Central Ethiopia, the prevalence of T. gondii in 

pigs as reported by  Gebremedhin et al. (2015) was  32.1%.  

Slaughterhouse workers are at risk of contracting zoonotic infections from infected animals 

they interact with while at work. In developing countries, the slaughtering process has vari-

ous gaps that can cause transmission of zoonotic pathogens to abattoir workers and these in-

clude; Lack of good infrastructure, inadequate training and inability to perform proper ante 

and carcass inspection  (Herenda et al., 1994). Some of the studies that has reported zoonotic 

infections among the slaughterhouse workers include a study in Nigeria where abattoir work-

ers were reported to contract  leptospirosis from infected animals brought in for slaughter 

(Abiayi et al., 2015). Studies in Uganda and Tanzania identified brucellosis as an occupation-

al hazard to abattoir workers without personal protective clothing (Nabukenya et al., 2013; 

Swai et al, 2009). Studies in Tanzania and Kenya also reported outbreaks of Rift valley fever 

in slaughterhouse workers (Mohamed et al., 2010; Nguku et al., 2010). Study by  Cook et al. 

(2017) who screened slaughterhouse workers for zoonotic infections in western Kenya found 

the following prevalence; brucellosis 0.1%, leptospirosis 13.4%, Q fever 4.5%, Rift Valley 

fever (RVF) 1.2%, taeniasis 1.8% and cysticercosis 2.6% and  a study in Thika- Kenya that  

reported  39.1% human toxoplasmosis in slaughterhouse workers  (Thiongo et al., 2016a).  

Handling of raw meat without protective equipment pose high risk of T. gondii infection in 

man. A study in Mexico on T. gondii in workers whose occupation expose them to uncooked 

meat found that workers who do not wear protective clothing at work have a higher seroprev-

alence as compared to those who wear them, (Alvarado-Esquivel et al., 2011). Eating while 
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at work without washing hands can also lead to ingestion of infective stages present in the 

raw meat. Alvarado-Esquivel et al. (2011) found that slaughterhouse workers and butchers 

who eat at work and those who do not eat had  T. gondii seroprevalence of 9% and 4% re-

spectively. For those undertaking slaughter of animals and preparation of food products, 

wearing of protective clothing such as, mask, protective glasses, gloves, overalls and gum-

boots, and avoiding eating while handling raw pork will help to prevent one from the infec-

tive stages present in raw meat (Tenter et al., 2000) . High standard of hygiene should be 

maintained by both the slaughterhouse workers and the butchers to avoid infection. Tissue 

cysts and tachyzoites are both killed by water (Jacobs et al., 1960) and therefore, washing 

hands and working tools with water and soap is highly recommended. 

1.1 Problem statement 

Toxoplasmosis causes serious health issues in humans especially in immunodeficient people 

i.e.; those who have undergone tissue transplants, HIV/ AIDS patients, cancer patients, those 

treated with certain forms of cancer therapy, pregnant women, diabetics, people with chronic 

illness, the very young and the elderly (Tenter et al., 2000).  Encephalitis is a common condi-

tion associated with toxoplasmosis in immunocompromised patients and it causes great dam-

age to them. Ocular disease may also occur, causing pain, tearing and excessive sensitivity to 

light (Tenter et al., 2000). Toxoplasma gondii infections can be associated with mental disor-

ders that may bring about negative impact on human behavior, personality and other pheno-

typic traits,(Flegr, 2020), Schizophrenia is one of the neurological disorders that is related to 

T. gondii infection (Webster et al., 2013). Nisbet et al. (2018) stated a prevalence of 32% 

human toxoplasmosis in a research at a private teaching hospital in Kenya while a study by 

Wambua & Ndele (2014).  on T. gondii  infection in donated blood reported a seroprevalence 

of 42.3% via IgG ELISA.  
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 There is scarce information regarding T. gondii infection status in food animals in Kenya de-

spite them being the major reservoirs.  No study has been published on pigs despite the fact 

that these animals are commonly raised in Kenya under different production systems includ-

ing free ranging and backyard production systems (FAO, 2012) that may increase their expo-

sure to infections with T. gondii cysts. Therefore, this study investigated the prevalence of T. 

gondii in slaughtered pigs and risk of exposure to abattoir workers at Ndumbu-ini abattoir in 

Kiambu County, Kenya.  

1.2 General Objective  

 The general objective of this study was to investigate prevalence of T. gondii in slaughtered 

pigs and risk practices that exposes slaughterhouse workers to infection at a medium-

throughput pig abattoir in Kiambu County, Kenya 

1.3 Specific objectives 

The specific objectives included: 

1. To estimate the sero-prevalence of T. gondii in pigs presented for slaughter in a medi-

um-throughput slaughterhouse in Kiambu County, Kenya. 

2. To determine the risk practices that exposes slaughterhouse workers to infection in a 

medium-throughput slaughterhouse in Kiambu County, Kenya. 

1.4 Justification 

Toxoplasmosis is one among the neglected zoonotic infections despite the high burden on 

health systems. Pigs are among the major reservoirs of T. gondii and the demand in pork meat 

in Kenya is anticipated to increase at a rate of 400 tons yearly with the present population rise 

of approximately 1 million persons and eating rate of 0.4kg for each (Mburugu-Mosoti, 

2017).   The results from this study will trigger the need for health education, risk communi-
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cation and social mobilization of the society towards the success in interrupting the transmis-

sion chain of T. gondii infections. It will also provide evidence for policy formulation and 

building of effective inter-sectoral collaboration between the animal and human health sec-

tors and formation of workable zoonotic disease surveillance and control system (one-health 

platform) that answers to zoonotic disease occurrence in the country. This study also identi-

fied research gaps on risk assessments and appropriate zoonoses mitigation plans to be built 

for Kiambu County and similar production systems where pigs are raised and slaughtered. 
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CHAPTER TWO:  LITERATURE REVIEW 

2.1 Aetiology of toxoplasmosis 

Toxoplasma gondii, an obligate intracellular protozoan parasite is the causative agent of tox-

oplasmosis. Toxo is a Greek term for bow or arc in reference to organism’s shape. The para-

site is zoonotic in nature and can affect warm-blooded animals as well as man (Tenter et al., 

2000). Household cats and other felids are the definitive host, implying that the parasite is 

only capable to complete its sexual life cycle in them releasing unsporulated oocysts through 

their feces (Webster, 2010) . It was first observed by Nicolle and Manceaux in 1908 in blood, 

spleen and liver of gondis a species of a rodent in North Africa (Tenter et al., 2000). The arc-

shaped protozoan parasite was named after its shape, (Toxon: arc, plasma: form) and its host 

the gundis (Morrissette & Ajioka, 2009). 

2.2 Toxoplasma gondii lifecycle 

Toxoplasma gondii has 2 distinct life cycles; the sexual and asexual life cycles. The sexual 

life cycle occurs only in cats, the definitive host while the asexual life cycle occurs in other 

mammals (including man) and various strains of birds (Tenter et al., 2000).  

2.2.1 The sexual life cycle 

Felines become infected with T. gondii by ingestion of tissue cyst bradyzoites in raw meat. 

Within the cat’s gastrointestinal system, the sexual stage begins where the macrogametocytes 

and microgametocytes develop from ingested bradyzoites and fuse to form zygotes. The zy-

gotes then become encapsulated with rigid wall and shed as oocysts. The zygote sporulate to 

form sporozoites within the oocyst which become infectious 24 hours or more after the shed-

ding of the feces (Tenter et al., 2000).  
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Figure 2. 1: Lifecycle of T. gondii (Photo credit; CDC.gov) 

2.2.2 The asexual stage 

When the intermediate host (Int. hosts) consumes tissue cyst (containing bradyzoites) or 

sporulated oocysts from the environment, the parasites first invade cells in and surrounding 

the intestinal epithelium, and in these cells, the parasites differentiate into tachyzoites, the 

motile and quickly multiplying cellular stage of T. gondii (Dubey, 2009). Asexual develop-

ment occurs in two phases. The first phase occurs during the acute stage where tachyzoites 

multiply rapidly in many different types of host cells. Inside host cells, the tachyzoites repli-

cate inside parasitophorous vacuoles (a structure produced by apicomplexan parasites that 

allow the parasite to develop while being protected from phagolysosomes of the host cell). 
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Tachyzoites multiply inside this vacuole until the host cell dies and ruptures releasing the 

tachyzoites via the blood stream to all organs and tissues of the body (Dubey, 2009) . 

The 2nd phase is the chronic stages of infection, pressure from the host's immune system 

causes tachyzoites of the last generation stage-convert to bradyzoites to form tissue cysts. 

Tissue cysts in brain and muscle tissue form approximately 7–10 days after initial infection. 

Within the tissue cyst, bradyzoite multiply slowly by endodyogeny, they are the terminal life-

cycle stage in the intermediate host and are immediately infectious (Dubey, 2009). When a 

definitive host consumes a tissue cyst (containing bradyzoites), bradyzoites convert into mer-

ozoites inside intestinal epithelial cells. The merozoites initiate another asexual phase of pro-

liferation which consists of initial multiplication by endodyogeny followed by repeated en-

dopolygeny in epithelial cells of the small intestine. The terminal stages of this asexual mul-

tiplication initiate the sexual phase of the life cycle (Dubey, 2009).  

2.3 Review of studies on prevalence of T. gondii globally 

Toxoplasma gondii infection in pigs has a worldwide distribution with varying prevalence 

according to sex, age, management system and geography. Low prevalence of < 1% have 

been found in pigs under confined and controlled management where rodents and cats have 

limited or no access while high prevalence of >60% have been found in pigs reared in uncon-

trolled management systems where pigs are allowed to roam freely in search of food (De 

Berardinis et al., 2017) 

In a study to estimate T. gondii status in slaughtered pigs in Poland, 11.9 % of the sampled 

pigs were seropositive with pigs from small size farms and those that were extensively man-

aged showing higher seroprevalence. The results  highlighted a possible public health risk to 

pork consumers in the region (Sroka et al., 2020). In Northeastern China, serum samples 

from pigs were collected from 9 counties of Jilin province in a study to investigate the sero-
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prevalence of T. gondii in the region. Of the sampled pigs 19.1% had T. gondii antibodies 

with the breeding boars and sows having higher seroprevalence. The results showed that the 

infection is widespread in the region and is a public health concern but there were no signifi-

cant differences among the piglets, fattening pigs and slaughter pigs (Yang, 2020). Sandfoss 

et al., 2011 reported a seroprevalence of 27.7% in a study to determine the prevalence of T. 

gondii in feral pigs of eastern North Carolina showing their exposure to the parasite and they 

may be a source of infection to humans and domestic pigs.  

In a study to estimate the prevalence of T. gondii in pigs from fattening farms in Yucatan 

Mexico, 95.8% of the sampled pigs had IgG antibodies against the infection indicating a high 

flow of T. gondii in these farms. The risk of infections was higher in small farms and manual 

feeders were found to be a significant protective factor against T. gondii infections in pigs 

(Ortega-Pacheco et al., 2013). Olsen et al (2019) conducted a systematic review and meta-

analysis to determine the seroprevalence of T. gondii in domesticated animals and those that 

are hunted for food in Nordic-Baltic region in Northern Europe and found that a number of 

animals have been exposed to T. gondii infection with 6% seroprevalence in pigs. In Nether-

lands, a prevalence of 38% was obtained in a study which showed that animal friendly pig- 

production system causes re-emergence of T. gondii infection in pigs while those from indoor 

system were all negative (Kijlstra et al., 2004).  

2.4 Review of studies on prevalence of T. gondii in North Africa 

A review study that collected, updated and analyzed epidemiological data on T. gondii status 

in food animals and people of North Africa reported the following; In Morocco, the only 

study that reported T. gondii status was in sheep and goats. The prevalence of T. gondii in 

sheep was found to be less than 30% and there was no significant difference in prevalence of 

T. gondii in sheep from the studies reported in the country. This resemblance can be attribut-
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ed to access of cats to the farms and the management system. Studies on T. gondii status in 

goats has only been conducted in Northern Morocco and has reported a low prevalence of 

8.5% (Rouatbi et al., 2019).  

 In Algeria, the prevalence of T. gondii in sheep, goats and cattle were 11.6%, 13.2% and 

3.9% respectively. The prevalence in cattle was lower than in small ruminants showing the 

low susceptibility of cattle to T. gondii infection. Seasons, lack of history of abortion and an-

imal origin were the main risk factors to T. gondii infection. Summer, Autumn and spring 

characteristically favored survival of the parasite’s oocysts. The infection rates were reported 

to be  higher on the northern part of Algeria than the southern part due to its high humidity  

(Rouatbi et al., 2019). In Tunisia several studies have been conducted to determine T. gondii 

status in sheep. A high seroprevalence rate of 73.6% was reported by use of modified agglu-

tination test (Rouatbi et al., 2019). Boughattas et al (2014) also reported a seroprevalence of 

38.2% and 73.6% in young and adult sheep respectively by use of modified agglutination 

test.  These reports shows that consumption of sheep meat is a risk factor for T. gondii trans-

mission to humans. In a study to assess whether toxoplasmosis can be transmitted through 

contaminated food, goat milk was tested by molecular method and an infection rate of 7.8% 

was reported (Amairia et al., 2016). In Libya 76.6% of sheep in western part of the country 

were seropositive with T. gondii claiming the presence of cats, climatic conditions and man-

agement system as the cause for the high seroprevalence (Azwai et al.,1993 ).  In Egypt, sero-

logical and molecular methods have been employed to detect the presence of T. gondii in 

sheep and goats. A high seroprevalence of 98.4% and 41.7% and molecular infection rate of 

67.6% and 25% has been reported in sheep and goats respectively  (Ghoneim et al., 2010).  

 

https://pubmed.ncbi.nlm.nih.gov/?term=Ghoneim+NH&cauthor_id=19743922
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2.5 Review of studies on prevalence of T. gondii in West Africa and South Africa 

A survey was conducted in Ghana to determine the prevalence of T. gondii antibodies in pigs 

across three regions of the country and an overall seroprevalence of 39% was obtained. This 

study also found that female pigs, animals raised in semi-intensive systems and older animals 

had higher levels of T. gondii antibodies. The results suggested that pigs in Ghana have been 

exposed to T. gondii and pork with viable cysts is  source of infection to its consumers (Arko-

Mensah, 1999). Tialla et al. (2019) reported T. gondii seroprevalence of 49.2% with sex, age, 

breed and production system showing significant association with T. gondii antibody levels in 

a study to determine T. gondii status in pigs in peri-urban and intra-urban areas of Burkina 

Faso. The study confirmed that pork consumers in the region are at risk of infection upon 

consumption of undercooked or raw pork. Knowledge on toxoplasmosis in the area will help 

mitigate the spread of the parasite. 

 Several studies have been conducted in Nigeria to determine the prevalence of T. gondii in-

fection in pigs. Of  these studies, Onyiche & Ademola (2015) reported a seroprevalence of 

29.14 % with age being statistically significant where older animals as compared to the 

younger ones had higher exposure rate. Another study to determine T. gondii status in pigs 

slaughtered in Makurdi Nigeria, 4. 4% seroprevalence was obtained from the sampled pigs 

(Obijiaku et al., 2017). On the other hand,  Ayinmode & Abiola (2016)  while investigating 

possible sources of T. gondii infection for humans in Ibadan Nigeria, serum samples from 

slaughtered pigs revealed an infection rate of 45.2% , making pork a potential source of hu-

man toxoplasmosis . 

In South Africa, studies were done to determine T. gondii status in domesticated animals and 

the seroprevalence of T. gondii in pigs was 33.96%. Among the risk factors, age, production 
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system, location, climate, seropositive cats and cats accessing feed stores were statistically 

significant with T. gondii seropositivity (Tagwireyi et al., 2019) 

2.6 Review of studies on prevalence of T. gondii in East Africa 

Studies that have reported prevalence of T. gondii in animals in Eastern Africa are scarce. In 

Uganda the first report of T. gondii status in pigs was documented  in 2016 by Roesel et al 

(2016) who reported a seroprevalence of 28.7% with significant association between the age, 

presence of cats in the pig premises, source of water and presence of  wildlife in the farms. 

Gebremedhin et al. (2015) reported a prevalence of 32.1% in a study to determine the sero-

prevalence of T. gondii in pigs from central Ethiopia. In this study, pigs that were raised from 

outdoor were at a higher risk of getting infected with T. gondii than those from indoor pro-

duction system.  Pigs that were fed with animal byproducts were also at higher risk of acquir-

ing the infection. Similar studies by Mulesa Mugersa in  her thesis dissertation reported  an 

infection rate of 32.7% in pigs from selected parts of central Ethiopia (Kebeta, 2014.).  The 

high infection rate in pigs suggested that pigs are a source of infection to man.  

The status of T. gondii in pigs in Kenya is yet to be reported. The only study that have report-

ed T. gondii infection in food animals in Kenya is a study by Thiongo et al. (2016b) who re-

ported prevalence of 79.0% in chicken raised under outdoor production in Thika region. The 

results showed that chicken that are left to roam in search for food are highly exposed to T. 

gondii and are potential source of infection to humans. 

2.7 Review of studies on exposure factors for T. gondii to abattoir workers 

Abattoirs in developing countries are poorly regulated due to scarce resources and inappro-

priate facilities. Diseases are easily contracted in these abattoirs due to inadequate infrastruc-

ture, poor hygiene, lack of proper training and insufficient ante and carcass inspection  

(Herenda et al., 1994). Abattoir workers are at risk of  work-associated injuries such as hands 
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and arms injuries from the sharp working tools (Cai et al., 2005) and exposure to disease due 

to their proximity  to animals and animal products (Dorjee et al., 2011). These  diseases are 

contracted through accidental ingestion and instillation in wounds (Taylor et al., 2001). Ex-

posure is aggravated by opening the carcass, being splashed with body fluids, working with-

out proper personal protective equipment and  poor hygiene practices (Cai et al., 2005).  

2.7.1 Review of studies on exposure factors for T. gondii to abattoir workers globally 

Handling of raw meat pose high risk of T. gondii infection in man, in a study on T. gondii in-

fection in  workers whose occupation expose them to uncooked meat in Mexico, Alvarado-

Esquivel et al. (2011)  reported the following: Workers who do not wear protective clothing 

at work have a higher seroprevalence as compared to those who wear them; Slaughterhouse 

workers and butchers who ate at work and those who did not eat had T. gondii seroprevalence 

of 9% and 4% respectively and finally, that about 7% of the individuals who had splash of 

blood and raw meat on their faces were seropositive with T. gondii as compared to 3% sero-

positive individuals who did not have splash of blood and raw meat on their faces.  Tenter 

(2009), suggested from a study done to determine the transmission of T. gondii from animals 

to humans in America that wearing of protective clothing such as, mask, protective glasses, 

gloves, overalls and gumboots will help to prevent one from the infective stages present in 

raw meat. Jacobs et al. (1960), in a study on the resistance of the encysted form of T. gondii 

suggested that high standard of hygiene should be maintained by the slaughterhouse workers 

and the butchers to avoid infection as tissue cysts and tachyzoites are both killed by water, 

and therefore, washing hands and working tools with water and soap by the abattoir workers 

is highly recommended. Youssefi et al. (2018) also reported strict rules in industrial abattoirs 

in Iran where slaughterhouse workers were not allowed to eat and drink while working and 

they were supposed to change their cloths and wash their hands before eating and drinking in 

the eateries to avoid transmission of zoonotic infections. 
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2.7.2 Review of studies on exposure factors for T. gondii to abattoir workers in Africa 

Ekanem et al. (2018) reported a seroprevalence of 55.8% in a study that determined the sero-

prevalence of T. gondii in abattoir workers in Southern Nigeria. Those that had higher risk of 

infection were workers who were exposed to poultry, those who had worked for more than 5 

years and those who sold raw meat. Cook et al. (2021) reported an apparent prevalence of 

84% in abattoir workers in western Kenya with increase in age, consuming blood and owning 

poultry being the risk factors for infection. These results highlighted a need for public en-

lightenment and mitigations plans for at risk population. A study to investigate the prevalence 

of T. gondii in slaughterhouse workers in Thika, Kenya reported an infection rate of 39.1% 

and an infection rate was higher (100%) in chicken slaughterhouse workers. The high infec-

tion rate was an indication for a need to creation of public awareness. Cook et al. (2017) re-

ported that some risky practices that could lead to exposure of zoonotic diseases were present 

in western Kenya, with finding that only 20% of slaughterhouses had hand- washing facili-

ties, around half of the workers wore personal protective clothing; with 49% wearing rubber 

boots and 53% wearing protective coats and only 7% performed ante mortem inspection. The 

knowledge of disease transmission from animals to humans was only known by 31% of the 

slaughterhouse workers. The results of this study indicated a need for appropriate interven-

tions to reduce exposure of various infections to workers. 

2.8 Diagnosis of T. gondii in porcine host 

Detection of T. gondii in pigs is achieved through 3 methods, that is; serological assays, bio-

assays and molecular methods (Polymerase Chain Reaction).  Serological assays are rapid 

and accurate in detecting T. gondii antibodies and therefore preferred over the bioassays and 

PCR. Indirect Fluorescent Antibody Test (IFAT) is regarded as the gold standard test in the 

serodiagnosis of T. gondii in pigs. Modified agglutination test (MAT) and Enzyme linked- 

Immunosorbent assay (ELISA) are the most common used serological tests (Liu et al., 2015). 
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Modified agglutination test (MAT) is easier, cheaper than the others and doesn’t require spe-

cial equipment. However, the results are evaluated visually and subjectively, and it depends 

on the skills of the technician. An antibody-ELISA test is used to detect T. gondii antibodies 

indicating that a pig has been exposed to the infection (Liu et al., 2015). In cases of active 

infections, anti-T. gondii IgM antibodies will be detected. These antibodies appear fast after 

an infection and disappear faster than anti-T. gondii IgG antibodies after recovery making 

IgG antibodies detected in latent infections (Remington et al., 2004)  

All the serological methods used in diagnosis of anti-T. gondii antibodies vary in their sensi-

tivity, specificity and predictive values. In a study that compared the performance of MAT 

and Commercial ELISA for antibodies against T. gondii found that out of 70 bioassay posi-

tive pigs, 60 were positive by MAT (sensitivity of 85.7%) and 62 were positive in commer-

cial ELISA (sensitivity of 88.6%) while out of 204 bioassay negative samples, 103 were neg-

ative in MAT (specificity of 94.6%) and 200 were negative by commercial ELISA (98% 

specificity) (Gamble et al., 2005). Another study done to assess diagnostic accuracy of a 

commercial antibody ELISA for the detection of T. gondii infection in pigs, the sensitivity 

and specificity of ELISA was found to be 98.9% and 92.7% respectively (Basso et al., 2013). 

ELISA therefore is a useful test for routine screening of pigs.  Its automation potential and 

ability to connect plate readers to laboratory computers reduces transcription errors hence an 

added advantage of this test. 

Mouse bioassay is the main method for detecting cysts in tissues. Biological testing for diag-

nosis is being reduced or avoided in the current trend, for apparent ethical and animal welfare 

considerations (Cenci-Goga et al., 2011) . However, given the great sensitivity and specificity 

that make this biological testing the gold standard, the option of inoculating or feeding Toxo-

plasma-free laboratory animals (mice and cats) to later demonstrate T. gondii in organs and 

tissues should be considered (Cenci-Goga et al., 2011) . 



16 

 

Detection of T. gondii DNA rely on PCR. This approach has been used in a range of clinical 

samples from animals and humans and have proven to be simple, sensitive (it can identify 

DNA from one tachyzoite), reproducible, and cost-effective (Su et al., 2010).  In a study to 

determining T. gondii distribution in commercial cuts of pork from experimentally infected 

pigs, T. gondii was found in 27/40 (67.5%) and 9/40 (22.5%) of the examined pork samples 

by mouse bioassay and PCR respectively (Tsutsui et al., 2007). Tissue cysts of T. gondii were 

identified by mouse bioassay in 54/98 (55.1%) samples while PCR showed 25/150 (16.6%) 

positive samples in a study that was  detecting  T. gondii infection in tissues from experimen-

tally infected pigs (Garcia et al., 2006) 

2.9 Prevention and control of T. gondii in pigs and humans. 

T. gondii infection in pigs is prevented through good husbandry practices on the farm, these 

include: 1) adopting an effective rodent control program to minimize mouse populations, 2) 

creating a level of biosecurity which reduces or eliminates exposure of swine to wildlife, 3) 

eliminating feral cats or securing feed and swine areas from access by cats, 4) prompt remov-

al of dead pigs to avoid cannibalism, and, 5) changing or thoroughly washing boots before 

entering barns to avoid tracking in oocysts (Gamble et al., 2013). 

Human infections are prevented through reduction of exposure from meat, water, vegetables 

and fruits. Toxoplasma gondii organisms are susceptible to extreme heat and cold. Consump-

tion of undercooked meat should be avoided by cooking meat to a safe temperature of 67oC 

or cooling it to -13oC. A rest time of 3 minutes after the meat has been removed from the 

heating source is important because the pathogens are being killed at this temperature (Dubey 

et al., 1990). Freezing meat to below zero (0° F) temperatures before cooking also reduces 

chances of infection (Kotula et al., 1991). Drinking water must be treated and fruits and vege-

tables must be thoroughly washed before consumption (Jacobs, 1961). People handling meat 

at any stage of its value chain should wash their hands, the surfaces and utensils with water 

https://www.sciencedirect.com/topics/immunology-and-microbiology/toxoplasma-gondii
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and soap. Washing is important because the stages of T. gondii in meat are killed by water 

and soap (Jacobs, 1961). Anti- coccidial drugs are used in acute toxoplasmosis as soon as an-

imals are suspected to be infected (Moré et al., 2018). However many anti-toxoplasmic drugs 

are not effective in eradicating the parasite cyst (Hiszczyńska-Sawicka et al., 2014). This 

therefore, has brought about several attempts to develop effective vaccine against T. gondii 

(Burrells et al., 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     

 



18 

 

 CHAPTER 3: METHODS AND MATERIALS 

3.1 Study Site and study design 

A cross-sectional study was conducted at Ndumbu-ini abattoir, a medium scale non- integrat-

ed pig abattoir which was established in 1972 and is located in Kiambu County. Kiambu 

County is located in the Central Kenya and is the 2nd most populous, with over 2.4 million 

people (KNBS 2019). The abattoir receives pigs from different parts of Kenya with the larg-

est number (75%) from Nairobi and Kiambu, 20% from other Central counties and 5% from 

Western part of Kenya. It has a capacity to slaughter approximately 40 pigs a day and sup-

plies approximately 10% of the pork demand of Nairobi, the capital city of Kenya (Murungi 

et al., 2021).  

 

Figure 3. 1: Map showing the location of pig slaughterhouse and its catchment for pigs 

slaughtered in Kiambu, Kenya in 2021. 
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 3.2 Sample size determination for prevalence of T. gondii  

A minimum sample size was calculated to be 384 considering 50% prevalence due to lack of 

previous studies of T. gondii in pigs in Kenya, utilizing the formula by Dohoo et al.(2009). 

             𝑛 =
𝑍⍺
2𝑝𝑞

𝐿2
 

Where n= sample size needed; Z= Confident interval of 95% (Standard value is 1.96) 

p = prevalence (50%); q = (1-p); and L= Level of precision (5%). The calculated sample size 

was adjusted to 529 pigs to cater for any unforeseen challenge or loss of samples during pro-

cessing.   

3.3. Selection of study pigs 

Pigs were selected using systematic sampling method. After identifying and recruiting the 

first pig to be presented for slaughter on each sampling day, every 2nd pig presented for 

slaughter was recruited. To reduce the influence of on-farm clustering on our prevalence es-

timate, any recruited pig that originated from the same farm as the previously recruited ani-

mal was ineligible for sampling and the next eligible pig was recruited, returning thereafter to 

every 2nd pig. After obtaining informed consent for recruitment from the person presenting 

the pig to slaughter, the pig was driven using pig board into the weighing crate for the meas-

urement of liveweight using a weighing machine as shown in Figure 3.2a, and data relating to 

county of origin, husbandry system, farm size and sex were entered in an Open Data Kit 

(ODK) (Hartung et al., 2010) form on a mobile phone and uploaded to the International Live-

stock Research Institute (ILRI) server. To prevent contracting numerous zoonotic infections 

and contamination of the pork while collecting data, proper personal protective equipment 

such as; white overalls, gumboots, masks and gloves were properly worn. 
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3.4 Biological sample collection and transportation 

At exsanguination, blood from the jugular vein was collected to pre-numbered 10ml red-top 

tube (without anticoagulant) corresponding to the recruitment number as illustrated in Figure 

3.2b and the dead pig was tagged with a prenumbered ear-tag. The tubes were tightly closed 

and wiped down with a virkon and paper towel before being placed upright in to a rack with-

in a cool box for transportation to the University of Nairobi department of Public Health 

Pharmacology and Toxicology for further processing. 

3.5 Sample processing in the laboratory  

At the laboratory, samples were centrifuged using NF 200 centrifuge model at 3,000 rpm for 

20 minutes at room temperature. The serum samples were separated into two aliquots in 2 mL 

labeled cryovials as illustrated in Figure 3.2c and stored in a deep freezer at -20 °C before 

further analysis was carried out to detect the presence of the antibodies against T. gondii.  

3.6 Detecting presence of antibodies for T. gondii using serological test 

Serum samples were defrosted in batches and tested using ID Screen® Toxoplasmosis Indi-

rect Multi-species (IDvet, Grabels, France) to determine the presence of Toxoplasma specific 

IgG antibodies. Samples were tested in duplicate according to manufactures directions. Brief-

ly; 150 µl of each sample and one each of positive and negative controls were added to 150 

µl of the substrate solution in individual Eppendorf tubes, vortexed and then incubated at 

room temperature for 20 minutes. After incubation, the samples and controls were centri-

fuged at 1500 rpm for 10 minutes, 150µl of the supernatant was put in to the Eppendorf tube 

with neutralization buffer then mixed by vortexing to form a sample of ¼ dilution, and 100 µl 

each of the positive and negative controls and 100 µl of each sample, in duplicate were added 

to a 96 well ELISA plate, sealed with microplate sealer then incubated for 15 minutes at 37 o 

C while shaking at 800 rpm. Wells were washed 5 times with wash buffer, after which 100 µl 
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conjugate solution was added to each well and incubated for 15 minutes at 37 o C while shak-

ing at 800 rpm, washing was repeated five times before 100 µl of substrate solution (TMB) 

was added in to each well and incubated in the dark for 15 minutes at room temperature be-

fore the reaction was stopped with 50 µl stop solution that was added to each well. Plates 

were read at 450nm with a 655nm filter as shown in Figure 3.2d. 

Samples that presented a Sample/positive percentage (SP%) greater than 50% were consid-

ered positive, Samples that presented a SP% less than or equal to 40% were considered nega-

tive and samples that presented a SP% between 40% and 50% were considered unknown and 

they were re-tested. The test was considered valid when the positive control mean optical 

density value was >0.35 and the ratio of the mean value optical density of the positive and 

negative controls were >3.5. The results were entered in ODK forms and uploaded to ILRI 

server. 
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wing; A: Pig weighing, B: blood collection, C: Serum aliquoting, D: microtiter plate 

3.7 Data collection on predisposing factors for T. gondii infection by abattoir workers  

 Qualitative data were collected on various predisposing practices that would expose slaugh-

terhouse workers to infection across four operational areas within the pig slaughterhouse: 

stunning area, scalding and dehairing area, evisceration and cutting and dispatch area as 

shown in Figure 3.3. The data that were collected included whether participants wear protec-

tive clothing (gumboots, white overalls, gloves and masks), eating while handling raw pork, 

had splashes of blood and raw pork on their faces and whether they washed their hands and 

working tools with soap and water. These data were collected by observation of at least 24 

personnel per each operational area, and a total of 96 observations were made for the various 

risk practices. One  of these four areas were observed per visit until 24 pigs had passed 

through the area, data was collected using the observation checklist presented in Supplemen-

tary material 1 in an ODK form and uploaded to the ILRI server. 
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3.8 Data Management and Analysis 

Data that were collected in ODK forms and uploaded to the ILRI server were downloaded as. 

csv files, cleaned and merged for statistical analysis in R version 3.6.0 (2019-04-26) (R Core 

Team 2018). Descriptive statistical measure of proportions was calculated to estimate T. 

gondii seroprevalence and proportions for observed risk practices together with their 95% 

confidence interval using the DescTools package (Package, 2021). Further tests included 

computing Chi-square (χ2) test and students t-test to determine the association between T. 

gondii status and independent variables using Arsenal package (Ethan et al., 2021). The vari-

ables with significant association (p < 0.05) in the univariate analysis were further subjected 

to a logistic regression, glm () function of MASS package in R (Zeileis et al.,2008).   
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CHAPTER 4. RESULTS 

4.1 Demographic characteristics of the sampled pigs  

A total of 529 pigs were recruited for the study between 5th January and 5th March 2021, with 

53.8% (95% C.I. 49.4-58.1%) female pigs and 46.20% (95% C.I. 41.89-50.57%) male pigs as 

shown in. The mean liveweight of sampled pigs was 58.8 kg (95% C.I. 56.6-61.1 kg) with a 

range of 13-230 kilograms.  The majority of pigs slaughtered were from Kiambu County 

79.58% (95% C.I. 75.7 9- 82.91%) followed by Nairobi County,12.72% (95% C.I. 10.04-

15.96%) and the rest were from other central and western Kenyan Counties (Figure 4.1). The 

majority, 97.68% (95% C.I. 95.87 -98.74%) of recruited pigs had been housed while 2.32% 

(95% C.I. 1.26 -4.13%) were from outdoor systems. Majority, 63.48% (95% C.I 59.17-

67.59%) were from farm size of approximately <10 pigs, followed by those from a farm size 

of approximately 10<50 pigs, 26.39% (95% C.I 22.70-30.42%) and the rest from other farm 

sizes as shown in Figure 4.2. 
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Figure 4. 1: The distribution of pigs by county of origin slaughtered at Ndumbu-ini abattoir 

Kiambu, Kenya in January-March 2021 
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Figure 4. 2: The distribution of pigs by farm size slaughtered at Ndumbu-ini abattoir Kiambu, 

Kenya in January -March 2021 

4.2 Estimated seroprevalence of T. gondii in slaughtered pigs  

A total of 446 data were available for analysis after testing sera for T. gondii IgG antibodies 

and the overall seroprevalence was estimated to be 34.53% (95% C.I. 30.16 -39.17%).  The 

data that was analyzed were less than the 529 sera obtained from the blood sampled due to an 

error that occurred while reading a set of sera samples in a microtiter plate reader and the test 

could not be re-run due to lack of extra ELISA kit. The sero-prevalence of T. gondii antibod-

ies by pig variables and their P- values from univariate analysis are shown in Tables 4.1 and 

4.2 below. Farm size (p = <0.001***) and mean live weight (p =0.044*) were statistically 

significantly associated with T.  gondii status. 

 

Table 4. 1 The description of categorical variables and their P-values of pigs slaughtered 

at Ndumbu-ini abattoir Kiambu, Kenya in January - March 2021 
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Variable Category Frequency 

Number posi-

tive for T. 

gondii anti-

bodies  

Percentage 

positive for T. 

gondii anti-

bodies 95% C. I 

p-values 

Sex Female 243 85   34.98 29.06-41.38 0.744 

 Male 200 67   33.5 27.07-40.55  

County of 

origin for 

pigs Nairobi 56 24   42.86 29.97-56.73 

0.083 

 Kiambu 342 120   35.09 30.08-40.44  

 Makueni 4 1   25.00 1.32-78.06  

 Kajiado 15 3   20.00 5.31-48.44  

 Nakuru 14 1    7.14 0.37-35.83  

 Homabay 4  0    0.00 0.00-60.42  

 Murang’a  2  0    0.00 0.00-60.42  

Husbandry 

type Housed 425 146    34.35 29.88-39.11 

0.344 

 Outdoor 10 2    20.00 3.54-55.78  

Farm size 

(number 

of pigs) <10 270 110    40.74 34.87-46.88 

<0.001*** 

 >100 45 4     8.89 2.89-22.13  

 10<50 114 33    28.95 21.03.38.31  

 50<100 6 1    16.67 0.88-63.52  

 

 

 

 

4. 2:  

Table 4. 2: Description of continuous variable and its p- value of pigs slaughtered at 

Ndumbu-ini abattoir Kiambu, Kenya in January- March 2021 

Variable Range kilograms  mean S. D 95% C. I p- Value 

Live weight 13-230 58.87 25.54 56.6-61.1 

 

0.044* 
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        *Significant association, *** highly significant association 

 

4.3 Factors associated with T.  gondii seroprevalence in logistic regression model 

Variables included in full model were; liveweight and farm size. No further model selection 

was performed. Farms of approximately >100 pigs were a significant protective factor against 

T. gondii seropositivity in pigs, (OR= 0.17, 95% C. I 0.05-0.45) as seen in table 4.3  . 

Table 4. 3: Logistic regression outcome for variables associated with T. gondii seroposi-

tivity for pigs slaughtered at Ndumbu-ini abattoir Kiambu, Kenya in January-March 

2021 

Description of varia-

bles  

Esti-

mates 

SE Z-Value P- value OR 95% CI 

Liveweight-kg 0.006 0.004 1.64 0.144 1.006 0.998-1.014 

Farm Size>100 -1.734 0.544 -3.19 0.014** 0.177 0.052-0.459 

Farm size10<50 -0.474 0.247 -1.92 0.055 0.622 0.379-1.003 

Farm size 50<100     -1.111 1.105 -1.005 0.315 0.329 0.017-2.092 

 

 

4.4 Risk practices that exposes slaughter house workers to T. gondii infection  

Within the slaughterhouse, 100 % of the abattoir workers did not wash their hands and work-

ing tools with soap and water at the stunning, scalding and dehairing areas, and 95.83% (95% 

C.I.76.88-99.78%) at the evisceration points. Washing of hands and working tools with soap 

and water was only prevalent at cutting and dispatch section. Abattoir workers were observed 

adhering to basic personal protective clothing with 100 % wearing their gumboots and white 

overcoats in three stations with only a small number, 1.04% (95% C.I 0.05- 6.49%) who did 
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not wear their white overcoats at the cutting and dispatch area. Wearing of gloves was not 

common practice with 100 % of workers at stunning, scalding and dehairing and evisceration 

areas and 95.83% (95% C.I 76.88-99.78 %) at cutting and dispatch section observed not 

wearing gloves. Splash of blood and raw pork on the faces of the slaughterhouse workers was 

observed in; 62.5% (95% C.I 40.8-80.5 %) of workers at the stunning area, 50.00% (95% C.I 

31.4-68.5%) at the scalding and dehairing area, 58.33% (95% C.I 37.0-77.7 %) at eviscera-

tion and 62.50% (95% C.I 40.76-80.45 %) at cutting and dispatch section.  A small number, 

8.33% (95% C.I 1.5-28.5 %) and 4.17 % (95% 0.22-23.12 %) were observed eating within 

the slaughter house at evisceration and at cutting and dispatch sections respectively. Majority, 

70.83% (95% C.I 48.85-86.56 %) of workers at stunning, 70.83% (95% C.I 48.85-86.56 %) 

at scalding and dehairing, 45.83% (95% C.I 26.17-66.76 %) at evisceration and 66.67% (95% 

C.I 44.69-83.57 %) at cutting and dispatch areas were observed not wearing their mask 

properly despite the ongoing Covid-19 pandemic. The prevalence of these risk practices 

across the slaughter house can be seen in Table 4.4 below
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Table 4. 4 The prevalence of risk practices that expose abattoir workers to T. gondii infection as observed across the four areas in the 

abattoir in Kiambu, Kenya in January -March 2021 

STATIONS  

STUNNING 

 SCALDING AND 

DEHAIRING 

             EVISCERA-

TION 

CUTTING AND DIS-

PATCH  
propor-

tion 

Percent  

(C. I) 

proportion Percent  

(C. I) 

Propor-

tion 

Percent  

(C. I) 

propor-

tion 

Percent  

(C. I) 

Not wearing gumboots 0/24        0 

(0.0-17.2) 

0/24        0 

(0.0-17.2) 

0/24        0 

(0.0-17.2) 

0/24        0 

(0.0-17.2) 

Not wearing lab coats 0/24        0 

(0.0-17.2) 

0/24        0 

(0.0-17.2) 

0/24        0 

(0.0-17.2) 

1/24 4.17 

(0.2-23.1) 

Splash of blood and raw pork on 

face 

15/24    62.5 

(40.8-80.5 

12/24 50.00 

(31.4-68.5) 

10/24 58.33 

(37.0-77.7) 

15/24 62.5 

(40.76-

80.45) 

Incorrect use of masks 17/24  70.83 

(48.85-

86.56)  

17/24 70.83 

(48.85- 86.56)  

11/24 45.83 

(26.17-

66.76) 

16/24 66.67 

(44.69-

83.57)  
Eating at work 0/24        0 

(0.0-17.2) 

0/24 0.00 

(0.0-17.2) 

2/24 8.33 

(1.5-28.5) 

1/24 4.17 

(0.22-23.12) 

Not wearing gloves 24/24 100 

(82.83-100) 

24/24 100 

(82.83-100) 

24/24 100 

(82.83-100) 

23/24 95.83 

(76.88-

99.78) 

Not washing hands 24/24 100 

(82.83-100) 

24/24 100 

(82.83-100) 

23/24 95.83 

(76.88-

99.78) 

1/24 4.17 

(0.22-23.12) 

Not washing tools 24/24 100 

(82.83-100) 

24/24 100 

(82.83-100) 

23/24 95.83 

(76.88-

99.78) 

0/24        0 

(0.0-17.2) 
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CHAPTER 5. DISCUSSION 

The study showed an overall sero-prevalence of T. gondii infection using Indirect ELISA an-

tibody test to be   34.53 % confirming the presence of T. gondii antibodies in pigs slaughtered 

at Ndumbui-ni abattoir. This indicates that these animals had been exposed to T. gondii infec-

tion either through consumption of contaminated feed and water and ingestion of tissue cysts 

containing bradyzoites. The present study reported higher seroprevalence than studies in; Po-

land, 11.9% using Direct agglutination  Test (DAT)  (Sroka et al., 2020) , Serbia, 9.2% with 

Modified Agglutination Test (MAT) (Klun et al., 2011) , Northeastern China, 19.1% through 

an indirect hemagglutination antibody test (IHAT) (Yang, 2020), Nordic-Baltic region, 6% in 

a systematic review and meta-analysis study (Olsen et al., 2019). In contrast higher seroprev-

alence than the current  was reported in Jos Nigeria 46.2% by  Ishaku et al. (2018). However, 

the result of this study was comparable with reports from; Central Ethiopia, 32.1% by 

Gebremedhin et al. (2015), South-west China, (30.6%), Northwestern Taiwan, (28.8%) (Fan 

et al., 2004) and in Peru (32.3%) (Suaréz-Aranda et al., 2000). 

 The difference in seroprevalence between the present study and the mentioned reports could 

be related to differences in; sensitivity and specificities of the diagnostic methods employed 

(Onyiche et al., 2015), sample sizes, cut-off values, sampling methods (Halová et al., 2013) 

and  climatic variation (Dubey, 2016). 

 Dubey, (2016) reported that moist and warm climate is associated with high prevalence as 

compared to hot and dry.  This argument was  supported by Villari et al.  (2009a) who report-

ed that warm and moist environment promote survival and sporulation of T. gondii oocysts 

which is not so in hot and dry conditions. Other possible causes of high seroprevalence in this 

present study could be environmental and feed contamination with sporulated oocysts from 

feces of infected cats that gained free access to the pig premises and feed stores and also 
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feeding pigs with unwashed vegetables, fruits and household leftovers contaminated with the 

infective stages. 

In this study, liveweight was used as a rough proxy for age and their mean had statistically 

significant association (p=0.04) with T. gondii seroprevalence in univariate analysis. This is 

in agreement with studies by Onyiche et al (2015) and Halová et al  (2013), which found sta-

tistical association between age and T. gondii prevalence. It is therefore expected that the 

probability of exposure to the parasite would increase with the length of time animals are 

reared in the farms.  Pigs from farms with approximately > 100 pigs had lower likelihood of 

getting infection as compared to those pigs from farm sizes with <100 pigs. Similar results 

were reported by Assadi-Rad et al. (1995)  where sows from small farm size (<29 sows) were 

4.5 times seropositive than those from large farm size (>29 sows). Also, Villari et al. (2009b) 

found that T. gondii seropositivity decreased with pigs from farms with more than 50 ani-

mals. This could likely be that farms with high population of animals have good husbandry 

practices put in place which include proper hygiene practices, intensive production system, 

rodent control systems and uncontaminated water and  feed that reduced exposure to infective 

stages of T. gondii (Hove et al., 2005).  

This high prevalence of T. gondii in the sampled pigs is a public health threat to pork con-

sumers and people who are occupationally exposed to raw pork. In the recent past, the de-

mand in pork in Kenya has been anticipated to increase at a rate of 400 tons yearly with the 

population rise of approximately 1 million persons and eating rate of 0.4kg for each (FAO, 

2012). The increasing demand for pork suggests that there may be an increased risk of expo-

sure to T. gondii through this value chain.  

With respect to exposure factors for T. gondii infection, abattoir workers may be differently 

exposed to T. gondii infection depending on the activities they are involved in at their various 
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work stations. Those working at stunning, scalding & dehairing and at evisceration areas 

were observed not washing their hands and working tools with soap and water as compared 

to those working at cutting and dispatch area. These practices were likely to be due to the 

lack of direct provision of piped water and soap for washing hands and working tools at these 

points, slaughterhouse workers at these areas are predominately paid on a ‘per-pig’ basis 

[communication by slaughterhouse management], such pay incentives encourage a rapid pace 

of work and may deter workers from breaking to wash hands and tools.  

Hand and tool washing was a prevalent practice only at the cutting and dispatch section of the 

slaughterhouse. This was possible since the slaughter house management had made provision 

of two water points within the slaughter house next to cutting and dispatch section and at the 

entrance which also serves as dispatch point. Presence of  these two water points for washing 

hands and tools demonstrates a greater level of infrastructure investment in this peri-urban 

slaughterhouse, compared to slaughterhouses in western Kenya where only 3% of all the 

slaughter houses sampled were able to provide piped water (Cook et al., 2017).  

Tachyzoites which has been detected in blood  and other body fluids of infected animals 

(Tenter et al., 2000) and tissue cysts bradyzoites, the infective stages of T. gondii are killed 

by water (Ambroise-Thomas & Petersen, 2000). Inadequate washing of hands and tools has 

been previously associated with exposure to T. gondii. Kapperud et al. (1996)  demonstrated 

that inability to wash kitchen knives after using them on raw meat was independently associ-

ated with T. gondii seropositivity in pregnant women. Ekanem et al. (2018) on the other hand 

reported in a study in Southern Nigeria that not washing hands before eating at the work 

place by abattoir workers was significantly associated with T. gondii seropositivity. Washing 

hands and  working tools also prevent abattoir workers  from zoonotic bacterial infections  

(Di Ciccio et al., 2016) and  is  one of the  method of maintaining meat hygiene for food safe-

ty (Cook et al., 2017). The provision of accessible tap water for washing hands and working 
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tools at the four stations and strict rules on adherence on these practices should be encour-

aged.  

Not wearing personal protective clothing such as gumboots and overalls was not a challenge 

in this current study because of strict management rules enforcement, and without which a 

worker would not be allowed in. This was the same case with a study by Youssefi et al 

(2018) where 95.6 % of the slaughterhouse workers were using boots and overalls. This was 

not so in a study in western Kenya  where only half of the slaughterhouse workers wore pro-

tective clothing; with 53% wearing protective coats and 49% wearing rubber boots (Cook et 

al., 2017).  Apart from the strict management rules, the economic status of the slaughterhouse 

workers in this present study could be much better than for those in western Kenya and they 

would afford to buy the personal protective clothing (Cook et al., 2017). Abattoir workers are 

at risk of getting injuries on their upper extremities with sharp working tools making it easy 

for infective stages present in the body fluids and raw pork to penetrate through percutaneous 

route (Alvarado-Esquivel et al., 2011). Wearing of gloves plays a role in preventing the in-

fection through this route. In this present study, slaughterhouse workers in all the four sta-

tions were observed not wearing gloves as there were no strict rules on putting on this protec-

tive clothing. This makes  this results consistent with  a study by  Alvarado-Esquivel et al. 

(2011), where 71 % of the workers did not wear gloves, the opposite happen in a study by 

Youssefi et al., (2018), where only 3.4% of the slaughter house workers did not wear gloves. 

Wearing of gloves should be part of the personal protective clothing so as to minimize trans-

mission of zoonotic infections and contamination of meat. 

Slaughterhouse workers at stunning, evisceration and at cutting and dispatch areas may be 

exposed  through accidental ingestion of infective stages present in blood, body fluids as they 

eviscerate and in raw pork respectively (Tenter et al., 2000). At the stunning box, stunned 

pigs were slaughtered and bled by severing the jugular blood vessel (Shimshony & Chaudry, 
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2005).  Since most pigs were not completely unconscious due to poor stunning, their body 

movements at times made it possible for the splash of blood on the face of the person slaugh-

tering. Delay to clean off blood after slaughtering could cause a pool of blood to accumulate 

at the stunning box, increasing likelihood of blood splash on the face of a worker who could 

be bending while slaughtering. At times overcrowding pigs at the stunning box also caused a 

lot of commotion and in the case where there is a pool of blood, splash of blood on the faces 

was possible. At the evisceration area, the workers may be exposed to infection  through ac-

cidental ingestion of tachyzoites present in the body fluids as they eviscerate while at the cut-

ting and dispatch section, cutting of meat also could cause small pieces of pork to get on 

someone’s mouth. Alvarado-Esquivel et al. (2011), found that 7% of the individuals that had 

splash of blood and raw meat on their faces were seropositive with T. gondii as compared to 

3% seropositive individuals who did not have splash of blood and raw meat on their faces. 

The splash of blood and raw pork could cause accidental ingestion of infective stages of T. 

gondii present in the raw meat and blood and also a possibility of penetration through muco-

sal route (Tenter et al., 2000). Wearing of mask by the slaughterhouse workers is one of the 

best preventive methods for T. gondii infection through these routes. Wearing of mask by the 

slaughterhouse workers in this study may have been a result of government directives against 

Covid-19. This was not the case in a study by Alvarado-Esquivel et al. (2011), and Youssefi 

et al. (2018), where masks were part of personal protective clothing. To minimize the risk of 

infection through these routes, education on proper use of personal protective equipment and 

its importance on persons health and in meat hygiene should be put in place.   

Eating while at work is one of the easiest ways of ingesting the infective stages of T. gondii 

that might have contaminated the unwashed hands. In this study eating within the slaughter-

house structure was not a common practice among the slaughterhouse workers as the slaugh-

terhouse management did not allow selling of cooked food within the slaughterhouse though 
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8.33 % and 4.17% were observed eating at evisceration and cutting and dispatch sections re-

spectively. These results were unrelated with studies by Alvarado-Esquivel et al (2011), 

where 44% of the slaughterhouse workers were seen eating while at work. On the other hand 

Youssefi et al. (2018), reported strict rules in industrial abattoirs in Iran where slaughterhouse 

workers were not allowed to eat and drink while working and they were supposed to change 

their clothes and wash their hands before eating and drinking in the eateries. Adoption of 

these strict management rules in our abattoirs and continuous training of both the abattoir 

workers and management team on zoonotic infections and their routes of exposure to humans 

will help to mitigate these infections. 
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CHAPTER 6. CONCLUSION AND RECOMMENDATION 

6.1 CONCLUSION 

This study has shown the presence of T. gondii infections in pigs slaughtered at Ndumbui-ni 

abattoir for human consumption in Kiambu County and its environs and the potential risk 

practices that expose slaughterhouse workers to this Zoonotic disease. The high sero-

prevalence is an indication of the presence of infective stages of T. gondii either in the envi-

ronment, pig premises, water or feed. The pork consumers, especially those who consume 

raw and undercooked pork and abattoir workers who don’t observe good basic practices at 

work are at risk of contracting the infection.  

6.2 RECOMMENDATIONS 

The following are recommended based on the conclusion above; 

1. Strategies that minimize exposure of pigs to the pathogen should be put in place, 

these include; proper farm sanitation, feeding pigs with uncontaminated feed and wa-

ter, adopting effective rodent control measures, adopting farm measures that mini-

mize contact with cats. 

2. Enhance public awareness on the parasite’s transmission chain and the role of every 

stakeholder in mitigating the infection 

3. The abattoir administration should strictly enforce the basic preventive measures on 

workers to avoid contracting disease 

4. Further risk assessments and Zoonoses mitigation strategy should be developed      
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APPENDICES 

 Observation checklist 

 Stunning 

box 

Scalding and 

dehairing 

Evisceration Cutting and dis-

patch 

 Yes No Yes No Yes No Yes No 

1. Protective clothing         

White over-coats         

Mask         

Gumboots         

Gloves         

2. Splash of blood & raw 

meat on the face 

        

3. Eating while at work         

4. Washing hands (with soap 

and water)  

        

5. cleaning working tools 

(with soap and water) 
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