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INTRODUCTION 

 

Toxoplasma gondii is an intracellular parasite that causes 

toxoplasmosis, a zoonotic infection. Toxoplasmosis is a highly 

contagious zoonotic parasite disease caused by Toxoplasma 

gondii that affects people, livestock, poultry, and other animals 

(Dubey 2010). Infection with T. gondii varies by geography, 

season, and animal. Toxoplasmosis in humans is usually 

recessive, and it can cause a variety of congenital and acquired 

illnesses. Animals infected with T. gondii show changes in their 

development and reproduction, which can result in 

miscarriage, stillbirth and malformed fetuses in female animals, 

obstructing the growth of animal husbandry and causing 

economic losses (Elsheikha et al. 2020). More importantly, T. 

gondii-infected animal foods pose a serious risk to human health 

and life. Therefore, understanding the epidemiology of 

toxoplasmosis, particularly the epidemiological characteristics 

of toxoplasmosis in recent years, is critical for toxoplasmosis 

prevention and control. The epidemiological characteristics, 

diagnosis, treatment, and vaccine of toxoplasmosis are briefly 

reviewed in this paper with statistical analysis of the 

epidemiological survey of toxoplasmosis in humans and 

important animals. 
 

Source of Infection 

 

Pathogen 

 

T. gondii was found in 1908, but its life history was only studied 

by international researchers in 1969, indicating that it has a 

more intricate life history. To complete its life cycle, T. gondii 

requires two hosts, namely intermediate host and terminal 

host. It has two modes of reproduction, asexual reproduction 

and sexual reproduction. Sexual reproduction occurs only in 

the small intestinal epithelial cells of the terminal host. Oocysts 

are the final product of sexual reproduction that can only be 

found in infected feline intestines. Tachyzoites and bradyzoites 

are the two basic stages of asexual reproduction. The terminal 

host ingests food or water contaminated with tachyzoites, 

cysts and oocysts. The capsule membrane dissolves after the 

terminal host digests it, and the tachyzoites, bradyzoites in 

cysts and sporozoites in oocysts penetrate the terminal host's 

small intestinal epithelial cells. The merozoites are first 

propagated to form sexual gametes and then the sexual 

gametes are propagated to form large and tiny gametes. The 

large and small gametophytes undergo sexual reproduction and 

combine to form oocysts, which overflow in the terminal host’s 

long epithelial cells and are excreted with the terminal host's 

feces. The oocysts mature and become infectious after a period 

of external nutrition. The mature oocysts are ingested by the 

intermediate host, and the sporozoites in the oocysts undergo 

internal budding in the intermediate host's nucleated cells, 

eventually becoming tachyzoites. In host cells, tachyzoites 

represent the rapidly dividing stage and have the ability to 

spread to multiple and distant tissues within the host’s body, 

triggering strong immunological responses. Then tachyzoites 

form pseudocysts in diverse tissues, which can last for a long 

time in intermediate hosts. Some tachyzoites can change into 

slow-reproducing bradyzoites despite chemotherapeutic 

medicines and host immunological protection. Unlike 

tachyzoites, bradyzoites split slowly and remain dormant inside 

a cyst that is mostly found in the brain and muscle, possibly due 

to the sluggish clearance of parasites caused by lower cellular 

renewal in these tissues compared with other organs 

(Elsheikha et al. 2020). When the immune system of the 

intermediate host is normal, no toxoplasmosis develops, 

resulting in a dormant infection (Dubey 2010). 

 

Host 

 

The main source of infection is toxoplasmosis-infected animals. 

T. gondii has a wide range of hosts, including practically all 

warm-blooded mammals and marine organisms. According to 

pathogenetic studies, T. gondii was found in 141 species of 

mammals (Dubey 2010). The epidemiological survey of the 

major hosts (cats, pigs, and humans) is examined in this chapter. 
 

Cat 

 

Toxoplasma cysts can be excreted by practically any type of cat. 

Cats can shed their oocysts during the three infection stages 

of T. gondii, namely tachyzoite, bradyzoite and oocyst stage 

(Dubey 2010). As a terminal host of T. gondii, cats infected with 

T. gondii excrete the oocysts from the feces, and the oocysts 

are highly infective after sporulation. Domestic cats (mostly 

stray cats) emit oocysts, which are one of the main causes of 

T. gondii infection in people and animals (Rahimi et al. 2015). In 

cats, T. gondii infection usually manifests as subclinical 

symptoms. Feline toxoplasmosis has a wide geographic 

distribution, with a global infection rate ranging from 30 to 40% 
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(Dubey 2010), and infection rates in feral cats are often higher 

than those in domestic cats. The infection rates in some parts 

of Africa and Europe are higher than the world average infection 

level, such as a 97.4% positive serological test for T. gondii in wild 

cats in Egypt (Dubey 2010), 62.3% in Albanian cats (Spada et al. 

2012), 70.9% in Algeria cats (Ouchetati et al. 2021), 40.3%-76% 

in Turkish cats (Dubey 2010; Can et al. 2014), 48.4% in Finnish 

cats (Jokelainen et al. 2012), 42.4% in Switzerland (Schreiber et 

al. 2021), 51.6% in Latvia (Deksne et al. 2013), 58.95% in France 

(Afonso et al. 2013), 60.8% in Estonia (Must et al. 2015), 32.3% 

in Cyprus (Attipa et al. 2021) and 24.2 to 60% in Spain (Montoya 

et al. 2018; Candela et al. 2022). The prevalence rates of T. gondii 

infection in cats in most of Asia are generally lower than the 

world average, such as 19.6% in Kuwait (Abdou et al. 2013), 

30.4% in Iraq (Switzer et al. 2013), 24.5% in China (Ding et al. 

2017; Li et al. 2022), 2.2 to 47.2% in Korea (Hong et al. 2013; 

Jung et al. 2017), 4.8 to 11% in Bangkok (Jittapalapong et al. 

2010; Sukhumavasi et al. 2012), 40% in Iran (Sharif et al. 2009), 

14.5% in Malaysia (Wana et al. 2020), 9 to 26.7% in Japan 

(Matsuu et al. 2017; Kyan et al. 2021) and 18.7% in Thailand 

(Huertas-López et al. 2021). For countries in Americas, the 

prevalence rates were 8 to 84.4% in Brazil (Cavalcante et al. 

2006; Bastos et al. 2014; Magalhães et al. 2017; Lima et al. 2018), 

and 6 to 66.7% in the United States (Lilly et al. 2013; Ballash et 

al. 2015; Scorza and Lappin 2017). As the soul mate of humans, 

cats are inextricably linked to people's daily lives. T. gondii-

infected cats pose a serious threat to human health. The 

number of pet cats is steadily increasing as people's living 

standards and spiritual levels improve. Therefore, controlling 

toxoplasmosis in cats is critical to preventing the disease. 

 

Pig 

 

T. gondii infection in livestock and poultry results in financial 

losses for the farming business and poses a potential risk for 

human infection. Pigs are significant carriers of T. gondii and are 

the main infection source of human infection. T. gondii infection 

in pigs usually manifests as subclinical symptoms. There were 

considerable geographical differences in the prevalence of 

porcine toxoplasmosis, with a global average infection rate of 

30 to 40% (García-Bocanegra et al. 2010). Some parts of Africa 

and Europe had higher infection rates than the global average, 

such as 16.6 to 24.52% of domestic pigs seropositive for T. 

gondii in Spain (García-Bocanegra et al. 2010; García-Bocanegra 

et al. 2010; Herrero et al. 2016; Castillo-Cuenca et al. 2020), 

52.8% in Austria (Dubey et al. 2020), 5.8 to 8.9% in Iberian 

(Pablos-Tanarro et al. 2018), 12.5% in Pernambuco (Samico 

Fernandes et al. 2012), 24.4% in Brandenburg, Germany (Bier 

et al. 2020). T. gondii infection in pigs was more common in 

China, with an average infection rate of about 40% in pigs 

nationwide and 20 to 45% in most provinces; The rates were 

19.1 to 50.4% in Jilin Province, northeast China (Zhang et al. 

2013; Xu et al. 2015), 9.94% in Henan province (Su et al. 2020), 

70.0% in Guizhou province (Li et al. 2015), 53.4% in Zhejiang 

province (Yu et al. 2011), 13.8% in Shanghai (Zhang et al. 2020), 

and 27.0% in southern China (Zhou et al. 2010). Pigs kept for 

fresh pork consumption (feeder pigs, market pigs) in the United 

States are raised indoors in well-managed facilities for the most 

part of the life to avoid contact with rodents and cats. T. gondii 

prevalence has decreased dramatically in these well-managed 

facilities during the last decade. Seroprevalence was 23% in 

market pigs and 42% in breeder pigs (sows) in a statistically 

valid population-based nationwide survey conducted in 

America in 1983-1984. When pigs from these same areas were 

tested in 1992, the prevalence had reduced to 20.8% in 

breeders and 3.1% in finishers (Dubey 2010). Pork, as an 

important meat ingredient, is closely associated with the human 

existence, and pork with T. gondii poses a serious health risk to 

humans. 

 

Human 

 

T. gondii infection is widespread among humans and its 

prevalence differs among various regions and countries. Some 

investigations have pointed out that the prevalence of human 

infection varied from 4% in Korea to 92% in Brazil. Some of the 

variations in the report could be explained by sample size, age, 

and serological methods (Dubey 2010). T. gondii infection is 

mostly asymptomatic in healthy people, but it can be fatal in 

immunocompromised patients such as patients with malignant 

tumors, AIDS and organ transplant (Dubey et al. 2008). T. gondii 

infection in pregnant women and pregnant female animals (such 

as goats, sheep) can result in birth abnormalities, stillbirth or 

miscarriage. It is estimated that about one-third of the world's 

population is infected with T. gondii. The positive rate of T. 

gondii antibodies in European and American is high, about 25 to 

50% (Petersen et al. 2007; Villena et al. 2007). T. gondii infection 

rate was 29% in Mexico (Ramirez et al. 2010), 33% in Auckland 

(Morris et al. 2004) and 50 - 80% in Brazil (Dubey et al. 2012). 

The positive rate of T. gondii antibodies in African was also 

relatively high. The infection rate was 36.7 - 62.1% in Morocco 

(Tlamcani et al. 2017), 39.8 - 53.2% in Algeria (Schneider et al. 

1977; Messerer et al. 2014; Berredjem et al. 2017), 39.3 - 47.7% 

in Tunisia (Ben Abdallah et al. 2008; Sellami et al. 2010; 

Fakhfakh et al. 2013; Lachkhem et al. 2020), 38.5 - 47.7% in 

Libya (Kassem and Morsy 1991; Gamal and Jaroud 2015; 

Gashout et al. 2016) and 35.7 - 59.6% in Egypt (Youssef 1993; 

Ibrahim et al. 1997; Elsheikha et al. 2009; Abou Elez et al. 2017). 

The positive rate of T. gondii antibodies in Asian was also 

relatively high. The rate was 55-67% in Beirut (Bouhamdan et 

al. 2010), 37.9 - 43.9% in Turkey (Aynioglu et al. 2015; Alver et 

al. 2021), 43.9% in Turkey (Aynioglu et al. 2015), 27.9% in 

Palestine (Nijem and Al-Amleh 2009), 22% in Thailand 

(Andiappan et al. 2014) and 19.3 - 37.8% in Iran. T. gondii 

infection in Chinese people is low when compared with people 

in other countries. According to recent research, the overall 

positive rate of T. gondii antibodies in the Chinese population is 

8.20 to 8.60% in pregnant women, but the antibody positive 

rate in cancer patients is 16.8%, which is significantly higher 

than the rate in the general population (Li et al. 2017; Dong et 

al. 2018). This fact has been found especially in certain types of 

cancer patients (Jiang et al. 2015; Cong et al. 2015; Zhou et al. 

2018). The reasons for the high T. gondii antibody positive rate 

in tumor patients need to be further studied. 

 

Way of Transmission 

 

In humans, Toxoplasmosis is divided into two types, congenital 

infection and acquired infection. And the acquired 

toxoplasmosis is mainly through the ingestion of T. gondii cysts 

or oocysts. 

 

Congenital Infection 

 

In humans, toxoplasmosis is acknowledged as an essential 

public health problem. Congenital infection is that T. gondii 
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infects pregnant women or pregnant animals during pregnancy, 

and vertically transmitted to the fetus in the uterus through the 

placenta, affecting fetal development and resulting in 

abnormalities or stillbirths, as well as premature birth and 

miscarriage. Several studies have found that as the gestational 

age at the time of maternal infection rises, the risk of materno-

fetal transfer also increases. However, the clinical severity of 

congenital toxoplasmosis is less noticeable when the infection 

occurs late in pregnancy (Cortina-Borja et al. 2010; Hotop et 

al. 2012; Wallon et al. 2013; Prusa et al. 2015). After the fetus 

is infected with T. gondii, it shows congenital defects. Therefore, 

women of reproductive age and first trimester should be 

routinely checked for serum T. gondii antibodies, which will 

effectively reduce the occurrence of congenital malformations 

and protect the health of newborns. 

 

Acquired Infections 

 

Ingestion of T. gondii cysts Infection 

 

Uncooked animal food products such as meat, eggs, milk could 

contain the trophozoites or cysts of T. gondii not completely 

killed and people may be infected after ingestion. In addition, in 

the process of meat production, if the temperature is too low 

to kill the worms, cysts may still exist in the meat, or the raw 

meat may contaminate the relevant tableware and be ingested 

into the body, which may also cause infection. This is mainly 

infection in the form of cysts in the meat. The bradyzoites from 

the tissue cysts or sporozoites from the oocyst penetrate the 

intestinal epithelial cells and propagate in the intestine. T. gondii 

may spread locally to mesenteric lymph nodes and to distant 

organs by invasion of lymphatics and blood. A host may die 

because of necrosis of the intestine and mesenteric lymph 

nodes before other organs are severely damaged. Some tissue 

cysts survive for several days after the death of an infected 

animal, even though its tissues have begun decomposing 

(Dubey 2010). It is obvious to find that the transmission of this 

cyst through meat has a great impact on humans infected with 

T. gondii. 

 

Ingestion of T. gondii Oocyst Infection 

 

Cats and their felines are the ultimate hosts of T. gondii, with a 

large number of T. gondii oocysts in their feces. People can be 

infected by touching or ingesting these developed oocysts shed 

by felines exposed to T. gondii. Mature oocysts pollute people's 

drinking water or food, which is a more common form of 

transmission.  

 

Genotype, Regionality and Seasonality 

 

T. gondii pathogenicity is tightly linked to the strain's genotype 

and virulence. T. gondii has a genetically and geographically 

diversified population structure. Types I, II, III, and atypical 

genotypes are included in the standard classification of T. gondii 

genes. BrI, BrII, BrIII, African 1, China 1, and China 12 are all 

atypical genotypes (Howe and Sibley 1995). The use of PCR 

restriction fragment length polymorphism analysis (PCR-RFLP) 

to detect the genotype of T. gondii is now generally 

acknowledged (Yu et al. 2018). Type I strains are particularly 

pathogenic to outbred mice and immunosuppressed 

individuals, whereas types II and III strains are less pathogenic 

(Howe and Sibley 1995). Type II strains are the most common 

cause of human T. gondii infection in Europe, hence most strains 

isolated from congenital T. gondii pathological tissues are 

likewise type II (Ajzenberg et al. 2002). Followed by type I, type 

III strains are mainly found in animals (Howe and Sibley 1995). 

In South America, however, the majority of congenital 

infections are caused by atypical strains with high virulence 

(Pardini et al. 2019). The genotypes revealed a high level of 

genetic variability, and the gene sequences of these strains are 

distinct, despite the fact that they were made up of diverse lines 

and showed significant differences between populations. The 

majority of strains that cause severe toxoplasmosis in 

immunocompromised people are of unusual South American 

genotypes. T. gondii usually spreads through asexual 

reproduction in North America and Europe, and by sexual 

union in South America, according to these distinct gene 

sequences (Rajendran et al. 2012). The ToxoDB#9 (Chinese 1) 

genotype is the most prevalent one identified in Asia. In Asia, 

the clonal types I, II, II variant, and III were also common 

(Chaichan et al. 2017).  

T. gondii infection is distributed worldwide. It is estimated that 

approximately one-third of the global population is 

seropositive for T. gondii, but infection rates differ greatly by 

region. Almost all Chinese provinces, municipalities, 

autonomous areas, and municipalities have proven the 

existence of this disease, which has a very variable infection 

rate. The seroprevalence of T. gondii was higher among ethnic 

minority blood donors than in other ethnic groups (Li et al. 

2019). In contrast, Western populations have a greater rate of 

T. gondii antibody positivity (Dubey et al. 2012). All of this is 

attributable to the consumption of raw and semi-raw meat. 

Zones with severe T. gondii infection are mostly found in 

China's coastal subtropical areas. Because the coastal provinces 

of China have a greater seropositivity rate than the inland 

provinces of China, it can be concluded that coastal provinces 

have a higher T. gondii infection rate than inland provinces in 

China. This could be due to increasing maritime transportation 

in coastal provinces and increased interaction with foreign 

pathogens, resulting in a higher risk of infection (Pan 2018), 

whereas T. gondii infection rates are generally low in cold and 

dry places. Pathogens cannot survive or spread in 

environments that are relatively cold and dry.  

The spread of T. gondii has a seasonality. For example, in pigs, 

the incidence of pig T. gondii is highest in the summer and 

autumn and the lowest in the winter and spring (Zhang et al. 

2020). The higher the ambient temperature in the enclosure, 

the more probable the disease will spread, which may be more 

closely linked to the growth of insects (mosquitoes, ticks, etc.). 

Therefore, more attention should be paid to the control of T. 

gondii in summer and autumn. 

 

Diagnosis 

 

T. gondii can be diagnosed in two ways: pathogenic diagnosis 

and serological diagnosis. Etiological examinations, such as 

direct microscopic inspection, trophozoite isolation, and cyst 

investigation, are difficult to diagnose. These routine etiological 

examination procedures, on the other hand, are usually used 

in animal infection diagnosis or insect body isolation, as well as 

human pathological tissue investigation in special cases. 

Pathogenic diagnosis can be detected histologically on-site, and 

the detection time is short. However, because it is based on 

human factors observations, and the testing personnel's 

judgment standards differ, there is a subjective awareness 
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effect, and the likelihood of erroneous detection or missed 

detection is considerably to be increased. Although the 

accuracy of the cell infection test is higher than that of the 

animal infection test, it is insufficient and takes too long to 

detect. Overall, the developing approaches will gradually 

replace the inadequacies of pathogenic detection of pathogens 

(Pan 2018). T. gondii nucleic acid, serum circulating antigen, and 

specific antibody detection are now more widely employed in 

clinic. Conventional PCR, nest PCR, RT-PCR and other nucleic 

acid detection technologies are available. In theory, positive 

nucleic acid detection is only identified when T. gondii is present 

in parasitemia, diseased tissue, or body fluid and it is not suited 

for the diagnosis of hidden T. gondii infection in the human 

body. Immunological diagnosis technology has benefited from 

the advances in antibody cloning technology. Antibody 

detection for T. gondii can alleviate this difficulty, thus it 

becomes more commonly employed, mostly by enzyme-linked 

immunosorbent assay (ELISA) and agglutination tests. Although 

ELISA has a higher sensitivity than agglutination tests, such as 

modified agglutination test (MAT), indirect hemagglutination 

assay (IHA), and latex agglutination test (LAT), agglutination 

tests are superior for field epidemiological investigations since 

they do not require the use of a second antibody in the 

detection process. 

 

Treatment 

 

For toxoplasmosis, there are currently no preventive and 

specific therapeutic drugs. At present, pyrimethamine 

combined with sulfadiazine (PS) and trimethoprim combined 

with sulfamethoxazole (TMP-SMX) and spiramycin (SPI) are the 

first choices for the clinical treatment of toxoplasmosis, and 

the second-line therapeutic drugs are atovaquone and 

clindamycin, etc. (Deng et al. 2019). Although these regimens 

are effective against active infections, they are not conclusive 

cures. Western medicine treatment of toxoplasmosis has 

shortcomings. For example, it is easy to produce drug 

resistance and noticeable side effects for Western medicine 

treatment, while traditional Chinese medicine has the 

advantages of having a wide variety of selections and minimal 

side effects, which makes the treatment of toxoplasmosis with 

traditional Chinese medicine to be a well-deserved research 

topic (Chen et al. 2009; Zhang et al. 2018). 

Traditional Chinese medicines have direct or indirect 

inhibitory effects on the proliferation of T. gondii, such as 

artemisinin and allicin. For example, Artemisinin, an extract of 

the plant Artemisia carvifolia, is an antimalarial drug with in vivo 

and in vitro activity against T. gondii. At a concentration of 0.4 

g/mL, it can eliminate T. gondii in Plaques formed in fibroblasts 

with IC50 values in the very low micromolar range (Guo et al. 

2018). De Oliveira et al. (2009) demonstrated that artemisinin 

treatment of mice infected with ME49 strain for 30 days 

resulted in a 100% survival rate, but the protection rate of mice 

infected with RH strain was only 20 to 50%. Researchers 

synthesized a series of unsaturated artemisinin-thiazole 

derivatives based on the principle of pharmacophore 

hybridization, which can effectively inhibit the proliferation of 

tachyzoites, thereby playing a role in killing T. gondii (Hencken 

et al. 2010). Further studies by Schultz et al. (2014) showed 

that the 10-position of artemisinin is connected to the thiazole 

ring linker, which can improve the activity of artemisinin 

derivatives against extracellular and intracellular T. gondii. In 

addition, it is reported that using dihydroartemisinin 

piperaquine tablets and artesunate tablets to treat 

toxoplasmosis encephalopathy can enhance the therapeutic 

effect, and the absorption of intracranial lesions is obviously 

improved, which is better than that using sulfamethoxazole and 

azithromycin alone (Chen and Deng 2016). 

Currently, although there are no ideal drugs available, the 

development of promising drug candidates is still ongoing. 

Many preclinical in vivo and in vitro studies have shown that 

many compounds have therapeutic effects on both acute and 

chronic toxoplasmosis, and some of them show significantly 

higher anti-toxoplasma activity than current clinical anti-

toxoplasma drugs (Qiu et al. 2020).  

 

Vaccine 

 

Almost all individuals are at a risk of being infected with 

toxoplasmosis sometime in their lifetime, so a vaccine to 

prevent human toxoplasmosis would benefit all people. A 

vaccine targeting T. gondii in livestock is needed not only to 

prevent the formation of cysts, minimizing transmission of the 

parasite to humans through eating raw meat, but also reduce 

the economic loss caused by animal abortion. Domestic cat 

vaccination can minimize oocyst excretion and increase 

livestock production, and in addition it can reduce the quantity 

of cysts in meat and lessen the risk of human infection. At 

present, several toxoplasmosis vaccines have been developed, 

such as live-attenuated vaccines, DNA vaccines, nanoparticle-

based, exosome-based, and carbohydrate-based vaccines 

(Elsheikha et al. 2020). Unfortunately, the "Toxovax" vaccine is 

currently the only commercial veterinary live-attenuated 

Toxoplasma vaccine on the market, which is derived from the 

live-attenuated tachyzoite S48 strain and can be used to 

prevent infection in sheep and goats (Buxton and Innes 1995; 

Zhang et al. 2013; Katzer et al. 2014; Wang et al. 2019). The 

"Toxovax" vaccine strain was originally isolated from sheep, 

and after long-term proliferation in mice, its tachyzoites lost 

their pathogenicity to sheep and their ability to form oocysts 

in cats' intestine. The worm burden in the body was obviously 

reduced after immunizing sheep with the vaccine, and muscle 

and central nervous system lesions were alleviated, but the 

formation of tissue was not completely prevented. As a non-

persistent infection strain, it has a good safety record, but there 

is still the possibility of reversion, as well as re-infection and 

transmission to immunocompromised animals and people. In 

2015, researchers developed a non-reverting and non-

replicating uracil auxotrophic type II live attenuated vaccine, 

which is a completely attenuated PruΔOMPDC irreversible 

strain obtained by knocking out the OMPDC gene in T. gondii 

type II Pru strains. The ability to replicate, virulence, and the 

ability to form cysts and chronic infection were all lost when 

the OMPDC gene was knocked out. Therefore, the vaccine is 

non-virulent and does not form cysts in the body after 

inoculating mice, so it will not cause chronic infection, and can 

induce mice to produce CD8+-mediated complete protection 

against acute infection of type I virulent or type II attenuated 

strains. It also prevents cyst formation in type II strains. This 

research is another promising genetically modified live insect 

vaccine after "Toxovax" (Fox and Bzik 2015). In addition, the 

research on recombinant or natural molecular vaccines almost 

includes all the protein antigens of T. gondii life cycle stages 

except cysts, but ideal candidate molecular vaccines have not 

been screened. With the widespread application of 

CRISPR/Cas9 gene editing technology in the field of T. gondii, 
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more and more gene deletion strains have been constructed. 

For example, RHΔGRA17, PRUΔCDPK2, RHΔTKL1, 

RHΔNPT1, ME49ΔLHD, RHΔMORN1, and ME49ΔADSL may 

become candidate strains of live attenuated vaccines for T. 

gondii (Zhang et al. 2013). Although significant progress has 

been made in vaccine discovery, including many promising 

proof-of-concept vaccination trials in mice, none of the tested 

vaccines has been applied to human clinical trials (Elsheikha et 

al. 2020). In addition, T. gondii has a complex life cycle with 

several antigenically distinct developmental stages that elicit 

different immune responses. Thus, developing a vaccine 

targeting several developmental stages is not straightforward.  

 

Summary 

 

Toxoplasmosis, an important food-borne parasitic disease, will 

face severe challenges as society and economy develop, dietary 

patterns diversify, and pet cats are raised. International 

interconnection and frequent population movements increase 

the risk of T. gondii infection in humans and animals around the 

world. To effectively reduce the infection rate of human and 

animal food-borne T. gondii, it is necessary to strictly control 

the centralized and scientific breeding of domestic animals, 

strengthen pet management, strengthen food hygiene 

inspection and pre-market harmless processing, and 

extensively carry out scientific education of prevention. 

Toxoplasmosis prevention, control, and treatment will greatly 

benefit from the use of novel theories, technologies and 

techniques to conduct in-depth biology and clinical research on 

T. gondii, which is found in humans and animals. 
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