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Toxoplasma gondii is an extremely widespread intracellular obligate parasite that infects both animals 
and birds. This protozoan pathogen usually causes asymptomatic infection in humans but can cause 
significant disease in congenitally infected infants, immunodeficient patients and occasionally in 
immunocompetent individuals. In the complex life cycle of T. gondii, sexual development occurs 
uniquely in felines whereas asexual reproduction may take place in humans and other warm-blooded 
animals serving as intermediate hosts. The prevalence of infection varies considerably among different 
geographic areas and also among individuals, depending on a variety of factors, including culinary 
habits and cleanliness of surroundings. Studies to date show low genetic diversity of T. gondii, with 
three main lineages, designated types I, II and III, found at least within Europe and North America. T. 
gondii uses various mechanisms to invade host cells and to alter their signal pathways and gene 
expression. Kinases within the rhoptry, a unique apical organelle, and T. gondii granule proteins are 
key virulence factors that promote attachment to, and invasion of, host cells. Human Toxoplasma 
infection is acquired by ingestion of raw or undercooked meat that contains tissue cysts, or through the 
ingestion of water or food contaminated with oocysts. It is also transmitted congenitally from mother-
to-foetus and less commonly by transfusion of contaminated blood or transplantation of an infected 
organ. Life-threatening toxoplasmosis can develop in immunocompromised patients. Diagnostic tests 
are critical to surveillance, control and prevention of toxoplasmosis. However, different technologies 
presently utilized around the world to detect different parasite stages are not of a uniformly sufficient 
standard to indicate clearly the epidemiology and severity of infection at global, regional and national 
levels. While a prophylactic vaccine is licensed for veterinary administration, no similarly efficacious 
preparation is available to prevent human infections. Here, we review the epidemiology and genotypes 
of T. gondii, as well as current detection methods and the state of vaccine development. In addition, the 
mechanisms by which this parasitic pathogen invades and overcomes the human immune system are 
considered. 
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INTRODUCTION  
 
Toxoplasma gondii is a geographically widely distributed 
intracellular parasitic protozoan eukaryote. The genus 
name, Toxoplasma, refers to a bow-shaped organism 
and derives from two Greek words: ‘toxon’, which means 
‘bow’; and ‘plasmid’, meaning ‘form’ (Dubey, 2010). T. 
gondii was first observed in rodents by Nicolle and 
Manceaux in North Africa and by Splendore in Brazil, 
both in 1908 (Ferguson, 2009), but it took another 60 
years before the parasite was identified as the causative 
agent of the disease that we now recognize as 
toxoplasmosis (Dubey, 2008). T. gondii is the only known 
species associated with toxoplasmosis and about one 
third of the human population worldwide is infected with 
this parasite. Humans are infected with T. gondii either by 
eating undercooked or raw meat of animals harbouring 
tissue cysts or by eating contaminated food and/or 
drinking contaminated water containing oocysts shed by 
T. gondii-infected cats (Hill and Dubey, 2002). 

In Europe and the United States only 10 to 20% of 
cases of T. gondii infection in immunocompetent adults 
and children are symptomatic. However, this proportion 
may be higher in other regions of the world, such as Latin 
America. Patients with acute infection may develop 
cervical lymphadenopathy and influenza-like illness. 
Rarely, an organ transplant or blood donation recipient is 
infected by T. gondii when they receive an organ or blood 
from a T. gondii-positive donor (Patel and Paya, 1997; 
Morris et al., 2010; Schwartz, 2013; Bahhaj et al., 2017; 
White et al., 2018). In immunocompromised patients and 
during trans-placental infection, toxoplasmosis most 
frequently causes neurological complications or 
toxoplasmic encephalitis (McFarland et al., 2016). 
Congenital toxoplasmosis occurs almost exclusively 
when a seronegative mother becomes infected during 
pregnancy but can also develop among 
immunosuppressed mothers who react to T. gondii during 
pregnancy (Döşkaya et al., 2018; Wallon and Peyron, 
2018). In the early 1980s, T. gondii was widely 
recognized as causing morbidity in immunodeficient 
patients associated with human immunodeficiency virus-
caused acquired immunodeficiency syndrome (HIV/AIDS). 
This continues to this day as an important disease-
causing agent globally, especially in pregnant women 
(Döşkaya et al., 2018; Wallon and Peyron, 2018). 

This focused review outlines the life cycle, 
epidemiology, genotypes, virulence, host immune 
response and pathophysiology of T. gondii. Drawing on 
this information, we discuss how enhancing knowledge of 
these  integrated  subjects  will  facilitate  development  of 
 

 
 
 
 
improved diagnostic tools and better inform vaccine 
design against this important yet arguably under-
researched global pathogen. 
 
 
LIFE CYCLE OF T. GONDII 
 
Toxoplasma is an intracellular obligate parasitic pathogen 
that is capable of infecting and replicating within any 
nucleated mammalian or avian cells (Dubey, 2010) and 
can even alter the host’s behaviour to increase its own 
transmission (Ferguson, 2009; Laing et al., 2020). T. 
gondii infects most species of warm-blooded animals, 
including humans. The definitive host is the domestic cat 
or their relatives (family Felidae), while rodents, 
particularly mice and rats, act as intermediate hosts 
(Bahia-Oliveira et al., 2003; Jones et al., 2003). 

T. gondii can be found anywhere in the world and in 
humans infection can cause life-threatening encephalitis 
in immunocompromised individuals such as HIV/AIDS 
patients or organ transplant recipients (McFarland et al., 
2016). Infection acquired during pregnancy may spread 
into the foetus and cause severe damage to foetal 
development (Gilot-Fromont et al., 2012; Blader et al., 
2015). The T. gondii life cycle starts in felids usually 
through the consumption of infected prey containing 
tissue cysts. The cyst wall is digested in the stomach and 
intestines, liberating bradyzoite stage parasites that 
penetrate the epithelial cells of the small intestine. This 
initiates the progressive development of asexual and by 
gametogony sexual forms of the parasite (Figure 1). 

The complex life cycle of this pathogenic parasite 
alternates between feline and non-feline infections where 
sexual and asexual reproduction takes place, 
respectively (Morrison and Höglund, 2005). Tachyzoites 
(tachos = fast) and bradyzoites (brady = slow) are rapidly 
and slowly growing stages of T. gondii, respectively 
(Dubey, 2002, 2006, 2010). Domestic cats are infected 
through consuming either sporulated oocysts or 
intermediate hosts containing tissue cysts (Gilot-Fromont 
et al., 2012). To be infective, an unsporulated oocyst is 
converted into a sporulated one within 1-5 days (Black 
and Boothroyd, 2000; Gilot-Fromont et al., 2012). T. 
gondii undergoes asexual replication in all warm-blooded  
vertebrates or in intermediate hosts (Ferguson, 2009). 
Tachyzoites, also termed endozoites, replicate inside 
cells for a 6 to 8 h generation time (observed in vitro) till 
regress to infect neighbouring cells. This stage may be 
identified in the blood during acute phase toxoplasmosis 
(Blader et al., 2015). Tachyzoites multiply slowly in 
infected   host   cells   and   differentiate  into  bradyzoites  
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Figure 1. Life cycle of Toxoplasma gondii. The only known definitive hosts for Toxoplasma gondii are members of family 
Felidae (domestic cats and their relatives). Unsporulated oocysts are shed in the cat’s faeces (1). Although oocysts are 
usually only shed for 1-3 weeks, large numbers may be shed. Oocysts take 1-5 days to sporulate in the environment and 
become infective. Intermediate hosts in nature (including birds and rodents) become infected after ingesting soil, water or 
plant material contaminated with oocysts (2). Oocysts transform into tachyzoites shortly after ingestion. These tachyzoites 
localize in neural and muscle tissue and develop into tissue cyst bradyzoites (3). Cats become infected after consuming 
intermediate hosts harbouring tissue cysts (4). Cats may also become infected directly by ingestion of sporulated oocysts. 
Animals bred for human consumption and wild game may also become infected with tissue cysts after ingestion of 
sporulated oocysts in the environment (5). Humans can become infected by any of several routes: Eating undercooked meat 
of animals harbouring tissue cysts (6). Consuming food or water contaminated with cat faeces or by contaminated 
environmental samples (such as faecal-contaminated soil or changing the litter box of a pet cat) (7). Blood transfusion or 
organ transplantation (8). Transplacentally from mother to foetus (9). In the human host, the parasites form tissue cysts, 
most commonly in skeletal muscle, myocardium, brain, and eyes; these cysts may remain throughout the life of the host. 
Diagnosis is usually achieved by serology, although tissue cysts may be observed in stained biopsy specimens (10). 
Diagnosis of congenital infections can be achieved by detecting T. gondii DNA in amniotic fluid using molecular methods 
such as PCR (12). 
Source: Image adapted from Division of Parasitic Diseases and Malaria, US Centers for Disease Control and Prevention. 
https://www.cdc.gov/parasites/toxoplasmosis/biology.html 

 
 
 
(cystozoites) (Weiss and Kim,  2000). In order to remain 
life-long in their hosts, tachyzoites reside predominantly 
in brain, eyes, skeletal and cardiac muscle and it takes 7 
to 10 days post infection to detect tachyzoites (Black and 
Boothroyd, 2000; Dubey, 2010). 

Tissue cysts develop within the cytoplasm of host cells 
and they enclose hundreds of crescent-shaped 
bradyzoites (Morrison and Höglund, 2005). The chronic 
phase of toxoplasmosis is indicated by development of 
tissue  cysts  of  the  asexual   cycle.  While   digestion  is  
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ongoing rupturing may happen to cysts ingested with 
infected tissues. This releases bradyzoites that infect the 
epithelium of intestinal lumen where they can differentiate 
back to the rapidly dividing tachyzoite stage to 
disseminate throughout the body, thereby completing the 
asexual cycle (Tenter, 2009; Caldas and de Souza, 
2018). 
 
 
T. GONDII HOST CELL INVASION 
 
Protozoan parasites of the subphylum Apicomplexa, 
class Sporozoa possess elaborate motility systems that 
facilitate infection and dissemination. The three infective 
stages of the complex life cycle of T. gondii are 
sporozoites (inside oocysts), tachyzoites (trophozoites) 
and bradyzoites (tissue cysts) (Dubey, 2006; Attias et al., 
2020). The infective form is the oocyst, which is round to 
slightly oval in shape measuring 10 to 15 µm long by 8 to 
12 µm wide (Dubey, 2010). This is transparent, 
containing two sporocysts, each with four sporozoites. 
The tachyzoite is crescent shaped, more rounded at one 
end, and ranges in size from 3 to 7 µm by 2 to 4 µm. The 
bradyzoite appears physically similar to the tachyzoite, 
but is smaller and viable forms gather in clusters inside 
the host cell (Ngô et al., 2017). Bradyzoites and 
tachyzoites differ slightly by location of their nucleus, 
which is situated towards the posterior end in bradyzoites 
and more centrally in tachyzoites (Weiss and Kim, 2000). 
They also differ in contents; bradyzoites contain electron-
dense rhoptries, several amylopectin granules and they 
are less susceptible to proteolytic enzyme destruction 
than are tachyzoites (Morrison and Höglund, 2005; 
Dubey, 2006; Hakimi et al., 2017). 

Parasitic motility and secretory organelle proteins of T. 
gondii are involved in host cell invasion (Carey et al., 
2004; Jones et al., 2017). Attachment of T. gondii to the 
host cell membrane requires secretion of adhesins that 
recognize receptors and promote parasite re-orientation 
for attachment (Bonhomme et al., 1999; Robert-
Gangneux and Dardé, 2012). Calcium stored 
intracellularly by T. gondii supports the parasite to 
secrete molecules that facilitate motility and invasion of 
host cells (Lovett and Sibley, 2003; Randall and Hunter, 
2011). Micronemes are used to secrete adhesins that are 
required by the parasite life cycle to span egress, move 
to a new host cell and to subsequently invade (Blader et 
al., 2015). Toxoplasma rhoptry neck protein4 is a 
component of the moving junction macromolecular 
complex of T. gondii that plays a central role during host 
cell invasion and interacts specifically with the host cell 
cytoskeleton in parasite-infected cells (Takemae et al., 
2013). 

The motile and invasive stages of T. gondii contain a 
unique organelle called a glideosome (Weiss and Dubey, 
2009).    Composed    of    actomyosin,    the  glideosome  

 
 
 
 
promotes substrate-dependent gliding motility that 
powers migration across biological barriers and also 
drives the parasite`s entry into and egress from infected 
cells (Kappe et al., 2004). The invasive stages of T. 
gondii are able to actively penetrate host cells to maintain 
an intracellular life style and they are highly motile, 
moving rapidly on solid substrates; however, they have 
no special structures such as cilia, pseudopods or flagella 
for locomotion (Daher et al., 2010). The cellular features 
that define the unique adaptation of apicomplexan 
parasites like T. gondii were revealed by electron 
microscopy and include two distinct types of organelle, 
club-shaped rhoptries and surrounding small, rod-shaped 
micronemes, both of which perform an important 
secretory function during invasion of host cells (Hakimi et 
al., 2017).  

T. gondii rhoptry proteins (ROPs) are presented first to 
the host immune system and thus constitute key 
molecules for Toxoplasma immunodiagnosis and 
immunoprophylaxis (Dlugonska, 2008; Zhang et al., 
2018). Long non-coding RNAs (lncRNAs) are non-
protein-coding transcripts of greater than 200 nucleotides 
that regulate gene expression yet little is known about 
their role in response to infection by intracellular 
pathogens including T. gondii. However, recently it was 
hypothesized that T. gondii regulates lncRNA molecules 
to modify the host immune response (Menard et al., 
2018). Upon host cell invasion, ROPs secreted by T. 
gondii produce active protein kinases that exert a long-
lasting effect on intracellular development and virulence 
towards the host (El Hajj et al., 2007; Etheridge et al., 
2014). Rhoptry secretory products also prevent the 
parasitic pathogen from exposure to lysosomal fusion by 
altering the parasitophorous vacuole membrane (Randall 
and Hunter, 2011). 
 
 
EPIDEMIOLOGY AND RISK FACTORS FOR 
TOXOPLASMOSIS 
 
T. gondii infects about 30 to 50% of human populations 
worldwide and more than one million cases of infection 
contracted through drinking oocyst-contaminated water or 
eating tissue cyst-contaminated food, primarily raw or 
undercooked pork and lamb, are reported every year in 
Europe alone (WHO, 2015). Hence, although it is 
extremely prevalent in low-income countries this 
widespread distribution means that toxoplasmosis not 
considered as a classic ‘disease of poverty’. Globally, 
geographical differences and food cultural habit variation 
from one country to another, even from one area to 
another within the same country, contribute greatly to 
regional variation in prevalence of T. gondii human 
infection. In particular, food cultural variation among 
ethnic groups in the same location is the main reason for 
their different  observed rates of infection of T. gondii. For  



 

 

 
 
 
 
instance, the highest prevalence of toxoplasmosis was 
reported from France (54.3%) when compared with other 
European countries in earlier studies (Serranti et al., 
2011). A two-year survey in the US revealed the 
seroprevalence of T. gondii among persons ≥6 years was 
13.2%, and the age-adjusted prevalence was 12.4%, with 
the largest prevalence (9.1%) among women in the 15 to 
44 years age group (Jones et al., 2014). Data analyzed 
for 19 years (1995-2008) from 88 countries, 29 of which 
were in Europe, indicated the correlation of 
toxoplasmosis with specific diseases burden estimated 
as age-standardized disability adjusted life years 
(DALYs) and also with mortality of women of child-
bearing age. According to this published survey, the 
prevalence of toxoplasmosis correlated with 23% of 
various diseases burden in Europe (Flegr et al., 2014). 

Studies conducted for 16 years at three intervals (1988-
1994, 1999-2004 and 2009-2010) among US women of 
child-bearing age (15-44 years) revealed a declining age-
adjusted prevalence of toxoplasmosis (15, 11 and 9%) 
from earliest to most recent years. These findings 
indicate that there was an incremental increase in 
awareness over time to control toxoplasmosis 
transmission (Maldonado and Read, 2017). Some African 
nations reported highest prevalence of toxoplasmosis 
among child-bearing age women that indicates the 
highest rate of transmission and lack of awareness to 
control toxoplasmosis. For instance, the prevalence of 
toxoplasmosis among child-bearing age women reported 
from Ghana was 92.5% (Ayi et al., 2010). T. gondii 
infects children not only after birth but also congenitally in 
utero. Between 40 and 400 children born each year in 
Canada are infected congenitally by T. gondii (University 
of Guelph Centre for Public Health and Zoonoses, 2009).  

The highest seroprevalence of T. gondii has been 
reported from developing countries like Ethiopia. For 
example, the seroprevalence of T. gondii recorded in 
northern Ethiopia was 76.5% (Muluye et al., 2013). The 
prevalence of toxoplasmosis was similar among pregnant 
women with previous histories of normal delivery and 
abortion (21.5% vs. 24.6%, respectively) (Saki et al., 
2015). An investigation in Sudan showed the highest 
prevalence of T. gondii among HIV patients (75%), then 
aborting women (58.3%) and suspected cases of T. 
gondii (55.5%) (Mohamed et al., 2013). There is a risk of 
toxoplasmic encephalitis in HIV-positive patients and 
among HIV-negative immunosuppressed patients. 
Hence, immune status improvement among 
immunosuppressed patients such as those with 
HIV/AIDS reduces the chance of being infected by T. 
gondii. For instance, studies from Iran on HIV/AIDS 
patients indicated a reduction of prevalence of 
toxoplasmosis (from 49.75%) by more than 50% over 
several years based on improvement of the immune 
status of patients (Mohraz et al., 2011; Foroutan et al., 
2018). 
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A study reported from Germany indicated that being in 
frequent contact with domestic cats and male obesity 
(body mass index ≥ 30 kg/m3) were independent 
predictors to acquire T. gondii infection. Similarly, the rate 
of T. gondii infection increased with age of individuals 
(20% among 18-29 age group versus 77% among 70-79 
age group) (Wilking et al., 2016). Similar research 
findings reported from China indicated that keeping cats 
at home and consuming undercooked or raw meat were 
independent risk factors for high prevalence of 
toxoplasmosis in patients with different types of diabetes 
(21.25, 16.5 and 23.5% in type 1, type 2 and gestational 
diabetes, respectively) (Li et al., 2018). Various studies 
reported higher prevalence of T. gondii in diabetic 
patients, although there were variations in detection of 
different classes of antibody produced against 
Toxoplasma infection (Majidiani et al., 2016). For 
instance, a study reported from Egypt showed that 45.0 
and 5.0% seroprevalence of T. gondii detected by anti-
immunoglobulin (Ig)G and anti-IgM), respectively, in type 
1 diabetic patients (Khattab et al., 2019). Reports from 
Iran indicated that chronic toxoplasmosis was a risk 
factor for type 2 diabetes mellitus (Colli et al., 2010), but 
there was no statistical relationship between serum levels 
of anti-T. gondii antibodies and the risk for diabetes 
mellitus (Khalili  et al., 2018). In general, the reason for 
high seroprevalence of T. gondii infection among diabetic 
patients and the mechanism by which toxoplasmosis 
relates to diabetes mellitus are not clearly defined. 

Toxoplasmosis is more common in domestic animals 
than it is in humans. A study conducted in China for 18 
years (2000-2017) reported that toxoplasmic infection 
was about four times more likely to occur in domestic 
animals than in humans (23.4% versus 8.2%) (Dong et 
al., 2018). A similar study conducted in seven Chinese 
regions reported high seroprevalence of T. gondii among 
meat-producing animals, with pigs, chickens and cattle 
having a 24, 20 and 9.5% rate of infection, respectively 
(Deng et al., 2018).  
 
 
TOXOPLASMA GENOTYPES AND VIRULENCE 
 
It is challenging to draw conclusions about T. gondii 
genotypic virulence due to its genomic diversity; however, 
most genotypes isolated are virulent in mice (Dardé, 
2008). Defining the pattern of genetic diversity is very 
important to understand the worldwide distribution of T. 
gondii. Numerous data have been published on 
genotypes of T. gondii, primarily in Europe, South and 
North America but with notably less information from Asia 
and Africa (Chaichan et al., 2017). T. gondii has been 
described as having low genetic diversity and a clonally 
low population structure. The most exhaustive studies 
have identified as few as six major population clades, or 
lineages,  although  detailed  sequence analysis indicates  
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that there is a varied amount of genetic exchange within 
and between these. The first genotyping studies to isolate 
a T. gondii strain took place concurrently in France and 
the USA, with three main lineages designated as type I, II 
and III that may identify clinically relevant biological 
differences. These lineages are found predominantly in 
Europe and North America. 

Genotypes not belonging to the three main lineages are 
found predominantly in other continents. A few years 
after isolation of the three lineages in other continents, 
type II and III were identified in Africa. Studies conducted 
more recently showed lineage type II was found 
predominantly in East and North Africa; however, there 
was no specific region identified in Africa for type III 
(Galal et al., 2018). Based on genotypic characterization, 
type I and II T. gondii strains were determined among 
52% and 75% of immunosuppressed and congenital 
toxoplasmosis cases, respectively (Fuentes et al., 2001). 
Chinese 1 or ToxoDB#9 genotypes were identified in 
China from pigs intended for human consumption, with 
11.26% prevalence (Wang et al., 2016). Understanding 
strain diversities between human and animal T. gondii 
pathogens is an essential requirement to distinguish 
potential virulence strains. Further mouse model studies 
conducted in China isolated another genotype, 
ToxoDB#205, and suggested a significant difference in 
mouse mortality rates from infection by Chinese isolates 
and the archetypal I, II, III strains (Gao et al., 2017).  

The polymorphism of rhoptries and micronemes 
between different strains of T. gondii appear responsible 
for many of the differences in virulence seen for types I, II 
and III in mice. By inoculating tachyzoites into animal 
models (especially laboratory mice) experimental studies 
from several countries identified comparable virulence of 
different T. gondii genotypes within a week post-
inoculation. For instance, ToxoDB genotype #13 from the 
Caribbean had a level of virulence similar to that of 
ToxoDB genotype #6 from Brazil in killing infected mice 
within 8 days (Hamilton et al., 2019). The link between 
different T. gondii molecules, including ROPs (Kappe et 
al., 2004; Schwartz, 2013; McFarland et al., 2016) and 
dense granules (Bahhaj et al., 2017), is less recognized. 
However, a Chinese study indicated a linkage between 
these molecules to strain virulence, demonstrated as a 
reduced immune response by mice to the parasite and 
variation in some key genes among the same genotypes 
of the parasite (Cheng et al., 2017). T. gondii strains 
isolated from South America are genetically more diverse 
than strains from other regions (Alruhaili, 2015); however, 
Brllineage was the only genotype identified in Brazil 
(Pena et al., 2013). ToxoDB genotype 6 reported from 
Brazil is highly virulent to mice whereas all predominant 
genotypes from the northern hemisphere are 
intermediately virulent or non-virulent to mice (Shwab et 
al., 2018). A large genetic diversity of T. gondii is highly 
virulent   to   humans   and    experimental   animals.   For  

 
 
 
 
example, from 27 T. gondii isolates determined in Brazil 
among patients with known congenital toxoplasmosis, 
about 25.9% were previously identified genotypes in 
animals (Carneiro et al., 2013). T. gondii type I strain is 
predominantly identified from HIV patients (about 80%) 
and ocular toxoplasmosis cases (Fekkar et al., 2011). 
Intensively focusing on an individual gene or protein of T. 
gondii is a traditional approach to discovering new 
treatments for toxoplasmosis. However, a gene regulatory 
network has been reconstructed to emulate the life cycle 
of T. gondii and this new strategy helped researchers to 
predict 25 new pathogenic factors and a small gene 
circuit that drives a series of phenotypic transitions which 
characterize the life cycle of this pathogen (Alonso et al., 
2019). 

The major histocompatibility complex class II gene 
DQS has been significantly associated with the 
development of toxoplasmic encephalitis in North 
American white AIDS patients, and HLA-DQS was also 
significantly associated with the development of 
hydrocephalus in children with congenital toxoplasmosis 
(Schlüter and Barragan, 2019). In one recent Brazilian 
study certain HLA-DQA1 and HLA-DQB1 alleles were 
associated with congenital infection (Shimokawa et al., 
2016). 
 
 
IMMUNE-MEDIATED CONTROL OF T. GONDII 
 
Microorganisms exhibit a variety of mechanisms to 
invade their host. Intracellular pathogens like T. gondii 
make the use of the host cell`s machinery within which to 
replicate. However, successful resistance to an invading 
infectious agent is largely governed by the host`s 
capacity to mount an appropriate protective immune 
response. Therefore, analysis of such interactions 
between the host immune system and invading micro-
organisms requires a broad spectrum of immunological 
methods. In order to recognize toxoplasmosis and to 
detect the structural components of T. gondii, host 
immune sensors produce pro-inflammatory cytokines and 
chemokines (Fisch et al., 2019). Antigen-presenting cells 
(macrophages and dendritic cells, DCs) strongly activate 
and induce development of CD4+ T helper 1 (Th1) cells 
and antigen-specific cytotoxic T cells (CD8+ T cells) to 
produce interferon (IFN)-g which in turn stimulates cell-
autonomous immunity in cells infected by T. gondii (Kim 
et al., 2006; Gov et al., 2013; Garcia et al., 2014; Brasil et 
al., 2017; Krishnamurthy et al., 2017; Sander et al., 2018; 
Sasai et al., 2018). 

While the detailed mechanisms by which immunity to T. 
gondii can be driven in differing directions, either more or 
less inflammatory, may be distinct to humans much of 
what is known about broad aspects of the host immune 
response has arisen through elegant use of murine study 
conducted   in   mice   by   inactivating   toll-like   receptor 



 

 

 
 
 
 
(TLR) adaptor protein myeloid differentiation primary 
response gene 88 (MyD88) in different innate cell types 
showed that lack of MyD88 in DCs, but not in 
macrophages or neutrophils, resulted in high susceptibility 
to T. gondii infection. Thus, the results demonstrate that 
DCs play a central role in coordinating the innate immune 
response to an intracellular pathogen and its defect in 
pathogen recognition can predetermine sensitivity to the 
infection (Hou et al., 2010). White blood cell indices 
including leukocytes, natural killer (NK) cells and 
monocyte counts revealed a decrease among 
immunosuppressed male but not female patients infected 
by T. gondii (Flegr and Stříž, 2011). 

In order to understand more about the role of T cells in 
developing immunity against T. gondii infection, 
peripheral blood mononuclear cells from T. gondii 
seropositive individuals were used to generate antigen-
specific T cell clones. According to the findings of this 
study, there was evidence for the existence of circulating 
antigen-specific CD8+ T cells in healthy humans who are 
Toxoplasma antibody-seropositive (Khan et al., 1990). T. 
gondii infection contributes greatly to the reduction of 
lymphocyte subsets (B cells, NK cells, CD4+ and CD8+ T 
cells) in HIV-infected individuals (Beran et al., 2015). 
Rhoptry kinases and pseudokinases secreted by T. 
gondii alter the signaling pathways and gene expression 
of many hosts (Hakimi et al., 2017). The pathway by 
which the innate immune response recognizes T. gondii 
in the definitive host (mouse) is quite different from in the 
intermediate host (human). This reflects the differing 
roles of the two hosts in the biology of the parasite. The 
innate cytokine response to T. gondii in the mouse 
requires stimulation of TLRs by a soluble parasite ligand 
whereas in humans it requires phagocytosis of the live 
pathogen (Sher et al., 2017). T. gondii possesses host 
immune-modulating proteins; the immune-modulatory 
activity of macrophage migration inhibitory factor of T. 
gondii (TgMIF) helps the parasite to sustain its survival 
within the human (Sommerville et al., 2013). NK cells 
have multiple and complex roles including acute 
toxoplasmosis control, inflammation regulation via 
interleukin (IL)-10 and adaptive memory-like responses at 
all stages of immunity (Gigley, 2016). 

Micronemes, rhoptries and dense granules are the 
major secretory products of T. gondii that mediate surplus 
effects on host signaling pathways to establish chronic 
infections in humans (Pollard et al., 2009) by targeting 
primarily host apoptotic pathways (Mammari et al., 2019). 
T. gondii can invade NK cells directly, which alters NK 
migration to produce a hyper-motile phenotype. However, 
the consequences of this phenotype for dissemination of 
T. gondii into the brain remain unknown. Similarly, a 
mouse study found no evidence for a role for hyper-
motile NK cells in delivery of parasites to the brain during  
acute infection with T. gondii (Petit-Jentreau et al., 2018). 
In order to disseminate effectively within host  cells  many 
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intracellular pathogens first infect leukocytes, which they 
use as a vehicle to transport them to target organs. For 
instance, once T. gondii is at the target organ, it can 
cross the capillary wall in its extracellular form by 
infecting endothelial cells although it may then face the 
risk of host immune attack after egression from 
leukocytes. However, adhesion of tachyzoite-infected 
leukocytes to endothelial cells triggers immediate 
egression of the parasite from its vehicle leukocyte, 
enabling it to time this to coincide with arrival at a target 
organ, thereby minimizing the opportunity for immune 
attack during the transition from a vehicle leukocyte to 
capillary endothelial cells (Baba et al., 2017). Infecting 
mice with T. gondii tachyzoite extracts prevented their 
development of allergies. This suggests that extracts 
derived from T. gondii may replicate the benefits of 
parasitic infection, offering new therapies for immune-
mediated disorders (Drinić et al., 2017). 

T. gondii is a life-threatening opportunistic parasite in 
AIDS patients. During HIV infection, human plasmacytoid 
DCs (pDCs), the major source of IFN-α (an antiviral 
cytokine), decrease in circulation and produce less IFN-α 
in response to viral stimulation. However, a study 
conducted to investigate the impact of T. gondii co-
infection with HIV on innate virus-directed responses of 
human pDCs showed that IFN-α production was inhibited 
only in cells infected by T. gondii, which implies that 
suppression of pDCs is activated by T. gondii (Pierog et 
al., 2018). It is tachyzoite phagocytosis rather than host 
cell invasion that is required for human host cytokine 
induction (Tosh et al., 2016). Patients with different types 
of toxoplasmosis exhibit different immune response 
mechanisms to T. gondii antigen. Production of IL-2 and 
IFN-g by peripheral blood mononuclear cells from 
patients with congenital toxoplasmosis toward soluble 
Toxoplasma tachyzoite antigen was reduced compared 
to from patients with acquired toxoplasmosis. 
Furthermore, this study revealed that susceptibility to 
ocular lesions following acquired toxoplasmosis is 
associated with high levels of IL-1 and tumour necrosis 
factor-α, whereas resistance is associated with high 
levels of IL-12 and IFN-g (Yamamoto et al., 2000). 
 
 
PATHOPHYSIOLOGY OF TOXOPLASMOSIS 
 
Toxoplasmosis can be acquired or congenital. Acquired 
toxoplasmosis is usually asymptomatic or can manifest 
as influenza-like symptoms in immunocompetent 
individuals in which typically it does not have lasting ill 
effects but is estimated to cause 3 to 7% of clinically 
significant lymphadenopathy (Jones et al., 2017). Severe 
life-threatening toxoplasmosis may develop in 
immunosuppressed patients due to reactivation of latent 
infection (Bessieres et al., 2009). During pregnancy, T. 
gondii  is  transmitted  congenitally,   mother-to-foetus,  to 
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which infection can cause severe damage including brain 
calcification, hydro-encephalitis, vision disorders and still 
birth or abortion (Roberts et al., 2001; Pleyer et al., 2014; 
Brasil et al., 2017; Jones et al., 2017). The prevalence of 
congenital toxoplasmosis in different communities ranges 
from 0.1 to 1.0 cases per 1,000 live births (Yıldız et al., 
2015), and ophthalmological and neurological disabilities 
are the most important consequences of congenital 
toxoplasmosis (Blader et al., 2015). 

Toxoplasmosis causes a severe visual handicap and 
blindness in young people (Rothova, 2003). Congenital 
toxoplasmosis (CT) is a serious, sometimes fatal disease 
in immunosuppressed individuals which develops during 
pregnancy due to pregnancy-related immunosuppression 
or reactivation of the parasite from previous infection of 
an immunocompetent mother. CT causes miscarriage 
(stillbirth) or hearing, visual and cognitive problems to the 
child (Frenkel, 1974; Rothova, 2003; Maldonado and 
Read, 2017). Approximately 70 to 90% of patients with 
CT and 10 to 12% of patients with postnatal 
toxoplasmosis develop ocular toxoplasmosis (OT), which 
is the most common cause of retinitis (Dardé, 2008). OT 
is either acquired or caused by reactivation of congenital 
infection (Pleyer et al., 2014). Toxoplasmic encephalitis 
(TE) is the leading cause of mortality in HIV-infected 
patients (Rothova, 2003). A study from Cameroon 
reported a 29.9% mortality rate from 14.4% of HIV/AIDS 
patients admitted to a single hospital with TE (Luma et 
al., 2013). The global incidence of TE is very rare but one 
US case in a haematopoietic stem cell transplantation 
recipient (Kollu et al., 2018) and another case for an HIV 
seropositive patient in South Korea (Lee and Lee, 2017) 
have been reported. 

T. gondii is one of the world’s most successful 
parasites due to its unique ability to persist in the central 
nervous system of a variety of hosts (Ngô et al., 2017). T. 
gondii cannot withstand lysosomal degradation per se; 
however, it triggers prolonged epidermal growth factor 
receptor signaling of autophosphorylation in order to 
avoid autophagic targeting and to promote its survival in 
hosts (Corcino et al., 2019). An experimental study 
conducted by infecting rodents with T. gondii indicated 
increased dopamine production in rodent brain cells 
encysted with the parasite and host behavioral changes 
due to the surplus dopamine (McConkey et al., 2013). 
Several epidemiological studies have suggested an 
association between infection with T. gondii and 
schizophrenia and other mental illnesses, but a definition 
etiological role of the parasite in such psychiatric 
disorders has not been established (Sutterland et al., 
2015; Flegr and Horáček, 2018; Burgdorf et al., 2019). 
 
 
MEDICAL LABORATORY DIAGNOSIS 
 
Detection of T. gondii  is  mandatory  to  the  surveillance, 

 
 
 
 
prevention and control of toxoplasmosis globally (Szabo 
and Finney, 2017). Physicians may consider the 
diagnosis of toxoplasmosis in light of a patient’s clinical 
presentation. The usefulness of a given diagnostic 
method may differ considerably with the clinical category, 
be that toxoplasmosis in the immunocompetent or 
immunodeficient patient, ocular toxoplasmosis, 
toxoplasmosis in pregnancy or congenital toxoplasmosis. 
For each of these the utility of serological tests should be 
relevant to context; for instance, demonstration of 
tachyzoites in tissues or body fluids, amplification of T. 
gondii DNA or isolation of the parasite in body fluids, 
demonstration of T. gondii tissue cysts in the placenta, 
foetus or neonates (Dard et al., 2016; Soares and 
Caldeira, 2019). Traditional approaches to detecting 
toxoplasmosis such as immunological and imaging 
techniques are still used for routine diagnosis. The most 
advanced test methods currently used to diagnose T. 
gondii are polymerase chain reaction (PCR)-based 
molecular techniques and polymorphic polypeptide-based 
serotyping methods. The first technique is used to amplify 
T. gondii nucleic acids, while the second is used to 
serotype T. gondii in both humans and animals (Barker 
and Holliman, 1992; Liu et al., 2015; Gomez et al., 2019). 
Enzyme-linked immunosorbent assays (ELISA) using 
recombinant proteins were developed to diagnose recent 
acute toxoplasmosis. For this purpose, oral 
administration of T. gondii tissue cysts and oocysts to 
mice to evaluate diagnostic values of sporozoite- and 
bradyzoite-specific proteins showed the validity of 
recombinants markers to detection  (Döşkaya et al., 
2014). 

T. gondii stage-specific antigens can improve the 
diagnosis of recent acute toxoplasmosis in serological 
assays. Analysis of both pooled sera collected from mice 
orally infected with oocysts and tissue cysts, and from 
patients with toxoplasmosis, determined the abundance 
of antigens with strong immunogenicity in mouse and 
human antibodies profiles that could be used to inform 
development of a vaccine or serological diagnostic assay 
(Döşkaya et al., 2018). Detecting serological markers is a 
method of choice to determine T. gondii in patients 
suspected of toxoplasmosis. However, it is difficult to 
determine directly the presence of T. gondii parasites in 
the human body (Schaefer et al., 2012). Different 
antibodies are produced against T. gondii and their 
concentration levels in host peripheral blood may rise or 
fall over time after infection (Montoya, 2002). Anti-IgM 
and anti-IgG antibodies are specific markers for current 
toxoplasmosis; however, they may lead to misdiagnosis 
in recovering patients due to their persistence in the 
blood after treatment (Colli et al., 2010). A combination of 
serology-based methods or serological Toxoplasma test 
panels including the Sabin-Feldman dye test, double 
sandwich IgM ELISA, IgA ELISA and IgE ELISA are 
recommended  to   identify   whether   or   not   T.   gondii  



 

 

 
 
 
 
infection is current (Montoya, 2002). Determination by 
ELISA of T. gondii-specific IgA, IgE, IgM and IgG 
antibodies, as well as IgG avidity, and confirmation of 
results by immunoblot provides strong support for this 
method to routinely diagnose T. gondii. 

Since detection of specific antibodies in sera is not 
always sufficiently accurate and to enable precise 
definition of the stage of T. gondii infection, searching for 
T. gondii stage-specific molecular markers offers great 
value to distinguishing acute or chronic toxoplasmosis. 
Shared by all apicomplexan invasive stages, ROPs are 
essential to parasite propagation (Dubremetz, 2007). 
ROP5 and ROP18 proteins of T. gondii are specific for 
anti-IgM and anti-IgG to diagnose human toxoplasmosis 
(Grzybowski et al., 2015). Amplification by PCR of 
specific nucleic acid sequences from body fluid and 
tissue samples has been used successfully to diagnose 
congenital (Bessières et al., 2009), ocular (Gomez et al., 
2019), cerebral and disseminated toxoplasmosis (Rasti et 
al., 2012). While the Sabin-Feldman dye test is 
considered a gold standard assay to detect T. gondii in 
serum it requires fresh viable tachyzoites that makes it 
the method the most difficult to perform. Tachyzoites are 
typically supplied from infected laboratory mice and rats 
that are not accessible to diagnostic hospitals (Evans et 
al., 1999). A variety of cell lines and culture methods are 
used for T. gondii antigen production and for therapeutic 
and genetic studies. 

Immunofluorescence and enzyme immunoassay are 
the most commonly used routine tests to detect anti-IgG 
and anti-IgM secreted during toxoplasmic infection 
although T. gondii-specific IgM testing lacks specificity. 
Detection of T. gondii-specific IgA is more sensitive than 
that of IgM in babies infected congenitally (Gomez et al., 
2018), but serological determination of active infection of 
the central nervous system of immunosuppressed 
patients is not possible (Evans et al., 1999). 
 
 
VACCINE DEVELOPMENT 
 
Currently, there is no licensed commercial vaccine to 
prevent T. gondii infection of humans, so in order to avoid 
toxoplasmosis transmission, particularly in seronegative 
pregnant women and immunodeficient patients, a number 
of preventive measures can be taken. These include: 
cooking meat to a safe temperature (that is, one sufficient 
to kill T. gondii); peeling or thoroughly washing fruit and 
vegetables before eating; cleaning cooking surfaces and 
utensils after they have contacted raw meat, poultry, 
seafood, or unwashed fruit or vegetables; pregnant 
women avoiding changing pet cat litter or, if no one else 
is available to change the litter, using gloves, then 
washing hands thoroughly; and not feeding raw or 
undercooked meat to pet cats and keeping them inside to  
prevent acquisition of T.  gondii  by  eating  infected  prey 
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(Hampton, 2015; Rajapakse et al., 2017). 

Vaccines are prepared against infectious disease 
agents utilizing a variety of immunization strategies and 
delivery platforms. These include using whole disease-
causing microorganisms, some of their components or 
genetic modification by the process of weakening living 
organisms through cultivation (live-attenuated vaccine). 
Vaccines may be also produced through the process of 
inactivating whole organisms by chemicals, heat 
treatment or other means (inactivated vaccine) (Karch 
and Burkhard, 2016). Vaccination against viral and 
bacterial pathogens is a widespread, routine and 
successful practice; however, to date none is successful 
against a protozoan pathogen of humans (Pinzan et al., 
2015; El Bissati et al., 2016; Hu et al., 2017; Wang et al., 
2017; Hajissa et al., 2019). 

Vaccines prepared from T. gondii stage-specific 
antigens are thought to be pivotal to stage-specific 
protection. Leading modern vaccine design strategies for 
T. gondii include epitope mapping to design multi-epitope 
vaccines, live-attenuated vectors as vehicles for delivery 
and expression of an antigen, and heterologous prime-
boost regimens (Hu et al., 2017; Foroutan et al., 2019). A 
very large number of around 1,360 protein families have 
been described as potential targets to develop a vaccine 
against T. gondii infection. Among these, surface antigen 
glycoproteins are considered crucial to host cell 
attachment and host immune evasion (Garcia et al., 
2014). Activation of protein-coding genes including TLR4 
and TLR5 that trigger human T cells to prevent 
toxoplasmosis could be a promising vaccine strategy (El 
Bissati et al., 2017). 

For more than two decades efforts have been made to 
develop a vaccine against T. gondii in animals to reduce 
oocyst shedding in cats and tissue cyst formation in 
mammals. Nevertheless, so far only a live-attenuated 
vaccine based on the S48 strain has been licensed for 
veterinary use (Zhang et al., 2013). In a concerted drive 
to find a T. gondii vaccine, more than one hundred 
experimental studies were reported for the five-year 
period 2009-2013. In 78.0% of these investigations a 
mouse model was exploited, followed by sheep and pigs 
in 5.5 and 1.8% of studies, respectively (Garcia et al., 
2014). Superoxide dismutase produced by T. gondii is 
very important for bradyzoite and tachyzoite stages to 
grow within host cells. A mouse model study revealed 
that a vaccine developed from T. gondii DNA elicited 
strong parasite-specific humoral and cellular immune 
responses, so superoxide dismutase has been suggested 
as a potential candidate for future T. gondii vaccine 
development (Liu et al., 2017; Zhang et al., 2019). 
 
 
CONCLUSION 
 
T.  gondii  is  the  most  commonly  occurring  intracellular 
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protozoan parasite in the world. Despite numerous 
studies having been conducted on toxoplasmosis over 
many years, the prevalence of T. gondii in humans 
remains unacceptably high. Potentially virulent genotypes 
from many different countries remain poorly studied and 
are thus not elucidated clearly. A deeper understanding 
of the virulence mechanisms and pathophysiology of this 
obligate intracellular pathogen will not only improve 
diagnosis but is an essential prerequisite to successful 
vaccine design and drug discovery. 
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