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ABSTRACT

Toxoplasma gondii is a protozoan parasite that infects humans and animals worldwide with the ability to result in abortion, congenital 
malformations, neurological disorders, and immunosuppression in the hosts. The objective of  this review is to state the potential 
risk factors among small ruminants and humans and recommend practicable control and prevention strategies. The global and 
regional distribution and prevalence of  the infection vary depending on environmental, climatic, cultural, and behavioral factors. 
There are many risk factors for Toxoplasma gondii, whose genotypes also vary geographically and may influence the pathogenicity and 
clinical manifestations of  the infection. Eating raw or undercooked meat or shellfish, contact with infected cat feces, and vertical 
transmission during pregnancy are some of  the main transmission routes for Toxoplasma gondii infection. The clinical signs in small 
ruminants vary depending on the stage of  infection, the strain of  the parasite, and the immune status of  the host. These signs 
and symptoms can be diagnosed by different methods, such as serological and molecular tests, histopathology, and isolation of  
the parasite. The treatment options for small ruminants are not very effective, as most drugs can only kill the active forms of  the 
parasite, not the dormant cysts. The prevention is based on reducing the exposure, keeping cats away from farms or vaccinating 
them, and, if  available, vaccinating the small ruminants. The epidemiological situation and trends in small ruminants were not well 
studied, leading to more significant socio-economic impact and public health implications in developing countries like Ethiopia, 
where the prevalence of  infection is high and the resources for prevention and treatment are limited. Even though it is very vital to 
have standardized rules and regulations established, there is no specific policy or program for toxoplasmosis control and eradication 
in Ethiopia. It is indirectly prevented and managed by some of  the existing policies and programs for neglected tropical diseases. 
Therefore, it is essential to focus on the epidemiology of  Toxoplasma gondii infection in small ruminants.
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INTRODUCTION

Toxoplasma gondii is a protozoan parasite that infects humans and 
animals worldwide. It can cause toxoplasmosis, a disease that 

can result in abortion, congenital malformations, neurological dis-
orders, and immunosuppression in the host.1 Small ruminants, such 
as sheep and goats, are important intermediate hosts of  Toxoplasma 
gondii and can transmit the infection to humans through the con-
sumption of  raw or undercooked meat, milk, or dairy products.2 
Therefore, understanding the sero-epidemiology of  Toxoplasma gondii 
in small ruminants is crucial for the prevention and control of  toxo-

plasmosis in both animals and humans. Ethiopia is a country in East 
Africa with a population of  about 114 million people and a livestock 
sector that contributes to 12% of  the gross domestic product. Small 
ruminants are widely kept by rural households for meat, milk, in-
come, and social functions.3 However, the productivity and health 
of  these animals are affected by various infectious diseases, including 
toxoplasmosis. Several studies have reported the seroprevalence of  
Toxoplasma gondii in small ruminants in different regions of  Ethiopia, 
ranging from 5.6-71.4%.4 However, there is limited information on 
the risk factors, genetic diversity, and zoonotic potential of  Toxoplas-
ma gondii in small ruminants in Ethiopia.
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 Moreover, the consumption of  infected meat, cured meat 
products, or unpasteurized milk and dairy products can facilitate 
zoonotic transmission to humans, especially pregnant women and 
immunocompromised individuals.5 Toxoplasma gondii infection can 
range from asymptomatic to severe, depending on the host’s im-
mune status and the stage of  infection. It can cause flu-like symp-
toms, eye disease, brain inflammation, lung infection, miscarriage, 
birth defects, and other complications. Sero-epidemiology is the 
study of  the occurrence and distribution of  antibodies to infec-
tious agents in a population. It can provide information on the 
exposure, immunity, transmission, and risk factors of  infectious 
diseases.6

 Seroprevalence is the frequency of  individuals in a popu-
lation who have antibodies to an infectious agent in their blood 
serum. It reflects the cumulative incidence of  past or current infec-
tions in a population.7 Seroincidence is the rate of  new seroconver-
sions (the development of  detectable antibodies) to an infectious 
agent in a population over a period of  time. It reflects the current 
or recent incidence of  infections in a population.8 Small ruminants 
are hoofed herbivorous mammals that have a specialized stomach 
for fermenting plant-based food before digestion. They include 
sheep, goats, and other related species. They are often raised for 
meat, milk, fiber, and skins.9

 Toxoplasma gondii is a protozoan parasite that can infect a 
wide range of  warm-blooded animals and humans, causing toxo-
plasmosis, a zoonotic disease of  global importance. Sheep and 
goats are among the most susceptible hosts, serving as sources of  
infection for humans. Therefore, the objective of  this paper is:

• To state the potential risk factors of  Gondii that influence its 
transmission and spread among small ruminants and humans to 
address control and prevention strategies.

• To provide future directions for public health and animal produc-
tion interventions so that the disease burden will be reduced.

EPIDEMIOLOGY OF Toxoplasma gondii INFECTION IN SMALL 
RUMINANTS

Toxoplasma gondii is a protozoan parasite that can infect humans and 
various animals, especially cats, which are the definitive hosts. The 
infection can cause toxoplasmosis, a disease that can have serious 
consequences for immunocompromised individuals and pregnant 
women.10 The global and regional distribution and prevalence of  
Toxoplasma gondii in small ruminants and humans vary depending 
on environmental, climatic, cultural, and behavioral factors.11

The Global and Regional Distribution and Its Prevalence

According to Wanget al,12 the global seroprevalence of  Toxoplasma 
gondii in humans was estimated to be 30.8% (95% CI: 27.7-34.0%), 
with the highest rates in Africa (50.8%), Latin America (45.5%), 
and Oceania (37.4%), and the lowest rates in North America 
(12.3%) and Asia (18.5%). The global seroprevalence of  Toxoplas-
ma gondii in sheep was estimated to be 47.1% (95% CI: 43.9-50.4%), 
with the highest rates in Africa (62.9%), Europe (58.6%), and Asia 

(51.8%), and the lowest rates in North America (17.6%) and Ocea-
nia (23.8%). The global seroprevalence of  Toxoplasma gondii in goats 
was estimated to be 36.7% (95% CI: 33.2-40.3%), with the highest 
rates in Africa (54.2%), Asia (42.9%), and Europe (40.4%), and the 
lowest rates in North America (13.8%) and Oceania (19.4%). In 
China, a large-scale study conducted by Zhou et al13 reported that 
the overall seroprevalence of  Toxoplasma gondii in food animals was 
23.7% (95% CI: 23.49-23.90%), which was significantly higher than 
that in humans (8.2%, 95% CI: 8.06-8.39%). The seroprevalence 
of  Toxoplasma gondii in animals and humans increased significantly 
from 2000-2017, suggesting a rising trend of  infection in China.

 In Iran, another study by Yousefvand et al14 found that 
the seroprevalence of  Toxoplasma gondii in sheep and goats was 
13.3% and 10.6%, respectively, based on enzyme-linked immu-
nosorbent assays (ELISA). The polymerase chain reaction (PCR) 
analysis of  liver, meat, and heart samples from sheep and goats 
showed positive results for Toxoplasma gondii deoxyribonucleic acid 
(DNA) in 17.3%, 22%, and 32% of  sheep samples, and 16%, 
17.3%, and 24% of  goat samples, respectively. The risk factors for 
Toxoplasma gondii infection include water contamination by oocysts 
from cat feces, consumption of  raw or undercooked meat con-
taining tissue cysts, contact with soil or animals, blood transfusion 
or organ transplantation, congenital transmission from mother to 
fetus, and genetic susceptibility of  the host.15 The genotypes of  
Toxoplasma gondii also vary geographically, which may influence the 
pathogenicity and clinical manifestations of  the infection.16 The 
most common genotype in food animals from China is Chinese 1 
(ToxoDB#9), which belongs to the type I lineage.17

The Main Transmission Routes and Risk Factors

Eating raw or undercooked meat or shellfish that contain the para-
site’s cysts is one way of  transmission. This is a common way of  
infecting both humans and animals, especially sheep and goats that 
graze on contaminated pastures. To prevent this, meat and shell-
fish should be cooked thoroughly and handled with care to avoid 
cross-contamination.18 Contact with infected cat feces that contain 
the parasite’s oocysts. Cats are the only animals that can shed the 
parasite in their feces, and they can infect other animals or humans 
who accidentally ingest the oocysts from the soil, water, litter box, 
or unwashed fruits and vegetables.10 To prevent this, cat owners 
should dispose of  cat litter properly, wash their hands after han-
dling cats or their litter, and keep cats indoors or away from wild-
life. Pregnant women and immunocompromised people should 
avoid contact with cats or their feces altogether.19

Mother-to-child transmission during pregnancy: If  a woman gets 
infected with Toxoplasma for the first time during pregnancy, she 
can pass the infection on to her unborn child, which can cause seri-
ous complications such as miscarriage, stillbirth, or congenital de-
fects.15 To prevent this, pregnant women should avoid the risk fac-
tors mentioned above, get tested for Toxoplasma antibodies before 
or during pregnancy, and take preventive medication if  needed.20

Clinical Signs and Diagnosis

The clinical signs of  toxoplasmosis in small ruminants vary de-
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pending on the stage of  infection, the strain of  the parasite, and 
the immune status of  the host.21 The most common clinical signs 
are abortion, stillbirth, mummification, and congenital malforma-
tions in the fetuses. Other signs may include fever, anorexia, weight 
loss, lymphadenopathy, pneumonia, and neurological disorders.22

 The diagnosis of  toxoplasmosis in small ruminants can 
be done by different methods, such as serological tests, molecular 
tests, histopathology, and isolation of  the parasite. Serological tests 
are useful for detecting the presence of  specific antibodies against 
Toxoplasma gondii in the serum or milk of  animals.23 However, se-
rological tests cannot distinguish between acute and chronic infec-
tions, nor between maternal and fetal antibodies. Molecular tests 
are based on the amplification of  DNA or ribonucleic acid (RNA) 
of  Toxoplasma gondii from various samples, such as blood, tissues, 
placenta, or fetal fluids. These tests are more sensitive and specific 
than serological tests and can also provide information on the ge-
netic diversity of  the parasite.5 Histopathology is the examination 
of  tissue sections stained with special dyes to identify the char-
acteristic lesions and cysts of  Toxoplasma gondii. Isolation of  the 
parasite is the definitive method for confirming the infection, but 
it is laborious and requires biohazard facilities and animal models.21

Prevention and Treatment 

The treatment of  toxoplasmosis in small ruminants is not very ef-
fective, as most drugs can only kill the active forms of  the parasite 
but not the dormant cysts. Moreover, some drugs may have adverse 
effects on animals or cause residues in their products. Therefore, 
treatment is usually reserved for valuable animals or those with se-
vere clinical signs. Some of  the drugs that have been used for treat-
ing toxoplasmosis in small ruminants are sulfonamides, pyrimeth-
amine, clindamycin, spiramycin, and toltrazuril.24 The prevention 
of  toxoplasmosis in small ruminants is based on reducing exposure 
to the sources of  infection, such as cat feces, contaminated feed 
and water, raw meat and milk, and infected rodents.25

 Keeping cats away from farms or vaccinating them 
against Toxoplasma gondii, providing clean and dry bedding for preg-
nant animals, disposing of  aborted fetuses and placentas properly, 
cooking or freezing meat before feeding it to animals, pasteuriz-
ing milk before consumption, controlling rodent populations, and 
testing animals for Toxoplasma gondii before introducing them to a 
flock or herd are some of  the preventive measures.26 Additionally, 
vaccination of  small ruminants with attenuated or recombinant 
Toxoplasma gondii strains has been shown to induce protective im-
munity against abortion and congenital infection. However, there 
is no commercially available vaccine for small ruminants yet.27

TRENDS OF TOXOPLASMOSIS IN SMALL RUMINANTS IN 
ETHIOPIA

The epidemiological situation and trends of  toxoplasmosis in small 
ruminants in Ethiopia are not well studied, but some recent re-
search has provided some insights.10 According to a cross-sectional 
study conducted from November 2016 to April 2017 in six peas-
ant associations in the Yabello district of  Borana zone, Southern 
Ethiopia, the overall seroprevalence of  Toxoplasma gondii infection 

in small ruminants was 52.8%. The study identified age, sex, water 
source, and altitude as significant risk factors for Toxoplasma gondii 
infection in small ruminants. The study also revealed that 97% of  
the respondents had no knowledge about toxoplasmosis, and 75% 
of  them consumed raw milk and meat from sheep and goats, indi-
cating a potential public health threat.25

 Another cross-sectional study conducted from Novem-
ber 2019 to April 2020 in three towns in West Shewa Zone, Oro-
mia regional state, Ethiopia, reported a high seroprevalence of  
Toxoplasma gondii infection in dogs, which are considered potential 
reservoirs and indicators of  environmental contamination by the 
parasite. The study found that 82.86% of  the dogs were seroposi-
tive for Toxoplasma gondii IgG antibodies and that the seropreva-
lence was significantly different among the study towns and higher 
in adult dogs than juvenile dogs.26 The study also detected a high 
seroprevalence of  Leishmania spp. infection in dogs (92.47%), sug-
gesting a possible co-infection or cross-reactivity with Toxoplasma 
gondii.

 Another study indicates that toxoplasmosis is a preva-
lent and important disease in small ruminants and other animals 
in Ethiopia and that it poses a significant economic and public 
health impact.28 However, there is still a lack of  comprehensive 
data on the epidemiology, transmission dynamics, genetic diversity, 
and clinical manifestations of  Toxoplasma gondii infection in small 
ruminants and humans in Ethiopia.1 Therefore, further research is 
needed to fill these knowledge gaps and to design effective preven-
tion and control strategies for toxoplasmosis in Ethiopia.

THE SOCIO-ECONOMIC IMPACT AND PUBLIC HEALTH 
IMPLICATIONS

The socio-economic impact and public health implications of  toxo-
plasmosis are significant, especially in developing countries like Ethi-
opia, where the prevalence of  infection is high and the resources 
for prevention and treatment are limited.29 Loss of  productivity and 
income due to morbidity and mortality of  humans and animals in-
fected with Toxoplasma gondii. For example, toxoplasmosis can cause 
abortion, stillbirth, neonatal death, and reduced growth and milk 
yield in small ruminants, which are important sources of  food and 
income for many rural households in Ethiopia.22

 Increased health care costs and burden on the health 
system due to the diagnosis, treatment, and management of  toxo-
plasmosis cases. For example, toxoplasmosis can cause severe 
complications such as encephalitis, chorioretinitis, myocarditis, 
pneumonitis, and disseminated infection in immunocompromised 
persons, such as those with human immunodeficiency virus/ac-
quired immunodeficiency syndrome (HIV/AIDS), cancer, or or-
gan transplantation.30 Reduced quality of  life and social stigma for 
persons affected by toxoplasmosis, especially those with ocular or 
neurological manifestations. For example, toxoplasmosis can cause 
visual impairment, blindness, cognitive impairment, seizures, and 
psychiatric disorders.31

 Risk of  congenital transmission and adverse outcomes 
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for pregnant women and their fetuses or newborns. For example, 
congenital toxoplasmosis can result in miscarriage, intrauterine 
growth restriction, hydrocephalus, microcephaly, cerebral calcifica-
tions, hearing loss, mental retardation, and epilepsy.32 Risk of  food-
borne transmission and outbreaks due to consumption of  raw or 
undercooked meat or milk products contaminated with Toxoplasma 
gondii tissue cysts or oocysts. For example, several outbreaks of  
clinical toxoplasmosis have been reported worldwide after the in-
gestion of  infected meat or dairy products.33 Risk of  environmen-
tal transmission and zoonotic potential due to exposure to soil, 
water, or vegetation contaminated with Toxoplasma gondii oocysts 
shed by cats or other felids. For example, Toxoplasma gondii oocysts 
can survive for long periods in the environment and infect a wide 
range of  intermediate hosts, including rodents, birds, livestock, 
wildlife, and humans.34

THE EXISTING POLICIES AND PROGRAMS FOR CONTROL 
AND ERADICATION

Toxoplasmosis is usually transmitted through contact with contam-
inated cat feces, undercooked meat, or congenitally from mother 
to fetus. It can cause serious complications in pregnant women and 
immunocompromised individuals, such as miscarriage, stillbirth, 
neurological disorders, and ocular lesions.18 In Ethiopia, toxoplas-
mosis is not considered a neglected tropical disease (NTD), unlike 
other parasitic infections such as malaria, dracunculiasis, schisto-
somiasis, and soil-transmitted helminths. Therefore, there is no 
specific national policy or program for toxoplasmosis control and 
eradication in the country. However, some of  the existing policies 
and programs for NTDs may have indirect impacts on toxoplas-
mosis prevention and management.10

 For example, the Ethiopia Malaria Elimination Strategic 
Plan 2021-2025 aims to reduce malaria morbidity and mortality by 
strengthening vector control interventions, improving case man-
agement and surveillance, and enhancing community engagement 
and health system capacity.35 These measures may also reduce the 
exposure of  humans and animals to Toxoplasma gondii by decreas-
ing the density of  mosquitoes that can transmit the parasite from 
infected animals to humans. Another example is the World Health 
Organization (WHO) Support for Ethiopian Dracunculiasis Erad-
ication Program,36 which focuses on interrupting the transmission 
of  Guinea worm disease by providing safe drinking water sources, 
promoting health education and behavior change, and implement-
ing surveillance and case containment activities. These interven-
tions may also prevent the ingestion of  Toxoplasma gondii oocysts 
from contaminated water sources by humans and animals.

 Furthermore, the NTDs Program of  the Ministry of  
Health37 and the Third National Neglected Tropical Diseases Stra-
tegic Plan 2021-2025 address several NTDs that affect millions of  
people in Ethiopia, such as lymphatic filariasis, onchocerciasis, tra-
choma, leishmaniasis, podoconiosis, and rabies. These programs 
aim to eliminate or control these diseases by implementing mass 
drug administration, vector control, environmental sanitation, 
health education, case management, and surveillance. These ac-
tions may also reduce the co-infection of  Toxoplasma gondii with 

other parasites, which can worsen the clinical outcomes of  toxo-
plasmosis.38

CONCLUSION AND RECOMMENDATIONS  

This review has shown that Toxoplasma gondii is a widespread and 
serious parasite that affects both small ruminants and humans, 
especially in developing countries like Ethiopia. The infection 
can cause various health problems, such as abortion, congenital 
malformations, neurological disorders, and immunosuppression. The 
risk factors for the infection include eating raw or undercooked meat 
or shellfish, contact with infected cat feces, and vertical transmission 
during pregnancy. The diagnosis of  the infection can be done by 
different methods, such as serological, molecular, histopathological, 
and parasitological tests. However, the treatment options are limited 
and not very effective, as most drugs can only kill the active forms of  
the parasite, not the dormant cysts. Therefore, the prevention of  the 
infection is crucial and based on reducing the exposure, keeping cats 
away from farms or vaccinating them, and, if  available, vaccinating 
the small ruminants. The epidemiological situation and trends of  the 
infection in small ruminants are not well studied and require more 
attention and research, as they have significant socio-economic and 
public health implications.

Depending on the above conclusion, the following recommendations 
are suggested:

• Toxoplasmosis epidemiology in ruminants and humans should be 
researched more in developing countries, using uniform and sound 
methods.

• Toxoplasmosis control in ruminants and humans should be 
improved and applied using low-cost and efficient methods like 
hygiene, education, testing, treatment, and vaccination.

• Stakeholders should work together and align to increase awareness 
and resources for toxoplasmosis prevention and control in ruminants 
and humans.
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