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Abstract

Toxoplasmosis is an emerging and re-emerging zoonotic disease caused by Toxo-
plasma gondii, which is one of the most prevalent parasites in the world. Globally,
one third of human population suffer from toxoplasmosis. The disease is usually
transmitted by eating infected meat that has been improperly cooked or baked,
exposure to the feces of sick cats, or from mother to child during pregnancy. Trans-
mission can also occur by ingestion of unpasteurized milk and contaminated water
with the protozoa. Toxoplasma gondii oocysts or tissue cysts inadvertently enter
the human body through food or water Transmission from mother to fetus can also
occur congenitally. Transmission can also occur through organ transplantation or
hematopoietic stem cell transplantation. Individuals infected with Toxoplasma
gondii often remain unaware of their infection. Yet, a minority of individuals may
exhibit flu-like manifestations such as body aches, swollen lymph nodes, head-
aches, fever, fatigue, confusion, lack of coordination, and seizures. Diagnosis of
toxoplasmaosis in humans is made by biological, serologic, histologic, or molecular
techniques, or a combination of these techniques. Treatment is recommended only
for people with serious health problems. This includes people with HIV, as the
disease is most severe when a person's immune system is compromised. Infection
with Toxoplasma gondii can be prevented by avoiding drinking contaminated wa-
ter and wearing gloves when gardening, as soil or sand may contain cat feces con-
taining Toxoplasma gondii.
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Zoonoses, which are primarily animal diseases, are transmitted through various routes, including direct contact,
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ingestion, inhalation, animal bite etc. [1]. Many countries around the world report suffering from protozoan zoono-
ses, such as amoebiasis, babesiosis, cryptosporidiosis, giardiasis, leishmaniasis, sarcocystosis, simian malaria, tox-
oplasmosis, and trypanosomiasis [2]. These zoonoses cause morbidity and mortality in susceptible individuals [2].
Toxoplasmosis is a major life-threatening parasitic zoonosis, that is reported in developing and developed nations
and is caused by Toxoplasma gondii, a facultatively heterogeneous, polygenic protozoan that has developed distinct
modes of transmission within and between host species [3]. The infection is common in humans, and it is estimated
that approximately one-third of the world's population suffers from the disease [4].

Toxoplasma gondii infection may be subclinical or clinical. Geographic variations exist in the seroprevalence of
T. gondii antibodies in the human population. HIV infection does not affect T. gondii seropositivity, and there is no
difference in the rate of toxoplasmosis infection between AIDS patients with and without cats [5]. However, most
infections are subclinical, and the disease only becomes "apparent” in congenitally acquired infections and in pa-
tients with significant immunodeficiency, such as acquired immunodeficiency syndrome (AIDS) [6]. Sometimes
the patient presents with a more severe clinical picture, especially if the immune system is compromised. Severe
eye infections, pneumonia, and meningitis may occur. In 10 percent of European HIV-infected patients, Toxoplasma
infection causes brain abscesses and encephalitis. While Toxoplasma gondii typically results in mild symptoms
among healthy individuals, toxoplasmosis poses a prevalent opportunistic infection with significant mortality rates
in immunocompromised individuals, often attributed to the reactivation of the infection in the central nervous sys-
tem. However, following dispersal, the parasite develops into semi-dormant cysts that form inside neurons and
muscle cells, where they remain within the infected host for the duration of their lives. Control of infection in the
central nervous system, a compartment of immune privilege, relies on modified immune responses aimed at balanc-
ing infection control while limiting potential damage from inflammation [7]. Congenital infection in children can
only occur if a woman has a primary infection during pregnancy. Congenital infection occurs when a fetus is in-
fected intrauterine. This can have serious consequences, especially if the infection occurs during the first 3 months
of pregnancy. An adequate immune response does not occur and the infection is not controlled. In addition, there
are rare case reports of people being infected through blood transfusions or organ transplants [2] [8]. This article
discusses toxoplasmosis as an important protozoan zoonosis that occurs worldwide.

2. Review
2.1 Life Cycle of Protozoa

Toxoplasma gondii can infect a wide range of hosts and many different host cells [9, 10]. Intermediate hosts can be
any warm-blooded animal, including most livestock, and humans. Final hosts are members of the Felidae family,
such as domestic cats [11, 12]. In intermediate hosts, T. gondii undergoes two phases of asexual development [13].
In the first phase, tachyzoites (or endozoites) multiply at a high rate through repeated endodyogeny (daughter cells
consuming the parent cell) in different types of host cells. The tachyzoites of the last generation initiate the second
stage of development, which results in the formation of tissue cysts. Inside the tissue cyst, bradyzoites (also known
as cystozoites) reproduce slowly through a process called endodyogeny [14]. Tissue cysts are attracted to neural
and muscular tissues and are found primarily in the central nervous system (CNS), eye, skeletal and cardiac muscles.
They are also found, to a lesser extent, in visceral organs such as the lungs, liver, and kidneys [15]. Tissue cysts
represent the final stage of the life cycle in the intermediate host and are immediately infectious. In some interme-
diate hosts, tissue cysts can persist for life [16]. The mechanism for this persistence is unknown. However, many
researchers believe that tissue cysts periodically degrade, after which bradyzoites transform into tachyzoites, which
re-enter host cells and transform into bradyzoites within new tissue cysts [11, 17]. When taken up by a definitive
host, the bradyzoites initiate an asexual proliferation phase, this time consisting of initial multiplication by endody-
ogeny followed by repeated endopolygeny in small intestinal epithelial cells [18]. The final stages of this asexual
multiplication initiate the sexual phase of the life cycle. Gamogony and oocyst formation also occur in the small
intestinal epithelium. Unpopulated oocysts are released into the intestinal lumen and enter the environment through
feces. Sporogony occurs outside the host and results in the development of infectious oocysts. T. gondii has three
infectious phases in its life cycle., namely tachyzoites, bradyzoites in tissue cysts, and sporozoites in sporulated
oocysts [16]. All three stages are infective to intermediate and final hosts, which can acquire T. gondii infection
primarily by one of the following routes: (A) horizontally by oral ingestion of infective oocysts from the
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environment, (B) horizontally by oral ingestion of tissue cysts in raw or undercooked meat or primary offal (viscera)
of intermediate hosts, or (C) vertically by transplacental transmission of tachyzoites [19]. In addition, in several
hosts, tachyzoites can be transmitted to offspring through maternal milk [20, 21]. There is also evidence that the
housefly and cockroaches can transfer infectious oocysts from cat feces to human and animal feed [2].

2.1.1 Animal to human transmission
Cats are a key factor in the transmission of toxoplasmosis. Infection occurs when they ingest infected rodents, birds,
or other small animals. The parasite is then passed into the cat's feces in the form of microscopic oocysts. Kittens
and adult cats have the potential to release large quantities of oocysts in their feces for a period of up to three weeks
post-infection. Adult cats are less likely to release Toxoplasma if they have had a previous infection. A Toxoplasma-
infected cat that sheds the parasite in its feces will contaminate the litter box. If the cat is allowed outside, it may
also contaminate the soil or water in the area.
People can be infected by:
® Accidental consumption of oocysts can occur when cleaning a cat's litter box if the cat has expelled Toxo-
plasma in its feces.
® Accidental consumption of oocysts may happen when handling or eating anything that has been exposed
to cat feces containing Toxoplasma.
® Accidental swallowing of oocysts can occur through contact with contaminated soil, such as not washing
hands after gardening or consuming unwashed fruits or vegetables from a garden.
® Drinking water contaminated with Toxoplasma parasite [2, 22].

2.1.2 Mother-to-child (congenital) transmission

If a woman contracts Toxoplasma infection during or just before pregnancy, she can transmit the infection to her
fetus, leading to congenital infection. The woman may have no symptoms, but the consequences for the unborn
child can be severe, including diseases of the nervous system and eyes.

2.1.3 Rare instances of transmission

Organ transplant recipients are at risk of acquiring infection if they receive an organ from a donor who is positive
for Toxoplasma. Rarely, people can also become infected by receiving infected blood through a transfusion. Labor-
atory workers who handle infected blood can also become infected through accidental inoculation.

2.2 Epidemiology

It is estimated that approximately 11% of the population aged 6 and older in the United States has been infected
with Toxoplasma. In various places around the world, more than 60% of some populations have been found to be
infected with Toxoplasma. Infection rates tend to be highest in regions characterized by hot, humid climates and
lower altitudes, as these environments are conducive to the survival of oocysts [22].

An older source gives higher estimates, specifically: the seroprevalence of T. gondii in the United States is ap-
proximately 15%, and rates of exposure to T. gondii in HIV patients are similar to those in the general population
[23]. In patients with AIDS who are positive for T. gondii antibodies, the risk of developing toxoplasmosis is ap-
proximately 30% if prophylactic or antiretroviral medication is not started [24, 25].

A more recent study (2020) reported the following results on T. gondii seroprevalence: The combined global
seroprevalence of T. gondii was estimated to be 35% (95% CI: 32-38%) in domestic cats and 59% (95% CI: 56-
63%) in wild felids, as determined by a random-effects model. Seroprevalence was higher in Australia and Africa,
where T. gondii seropositivity in domestic cats was 52% (95% CI: 15-89%) and 51% (95% CI: 20-81%), respec-
tively. The lowest seroprevalence was estimated to be 27% (95% CI: 24-30%) in Asia. Seroprevalence rates for T.
gondii in wild felids were found to be 74% (95% CI: 62-83%) in Africa, 67% (95% CI: 23-111%) in Asia, 67%
(95% CI: 58-75%) in Europe, and 66% (95% CI: 41-91%) in South America [26].

The development of toxoplasmosis in immunocompromised patients does not appear to vary by region; however,
the prevalence of immunocompromised patients is higher in some countries due to HIV/AIDS infection, organ
transplantation, and the prescription of immunomodulatory drugs [27, 28].

2.2.1 Importance of cats in the epidemiology of infections with Toxoplasma gondii
In cats, T. gondii infections are usually asymptomatic; vertical transmission, such as from mother to child, is rare.

18



Mahendra Pal et al.

In contrast, latent T. gondii infections are common in domestic and wild cats worldwide [29, 30]. At least 17 species
of wild cats have been reported to shed T. gondii oocysts, including European and African wild cats, pallas cat,
bobcat, leopard cat, amur leopard cat, iriomote cat, ocelot, geoffroy's cat, pampas cat, jaguarundi, puma, leopard,
jaguar, tiger, lion, and cheetah. In domestic cats, antibodies to T. gondii have been detected in up to 74% of the
adult cat population, depending on the type of diet and whether the cats are kept indoors or outdoors [31, 32].

In addition, there are serologic test data indicating T. gondii infection in sheep and goats. A total of 1078 goat
and 882 sheep blood samples were collected from 17 of 21 provinces and the capital of Mongolia. Overall, the
seroprevalence of T. gondii in the goat and sheep samples was 32% and 34.8%, respectively [33, 34]. Free-ranging
domestic cats pose a significant risk to environmental contamination and the infection of food animals, largely due
to their abundant populations and frequent intrusion into natural and agricultural areas [35]. Toxoplasma gondii
infection is caused by eating raw, undercooked, or fried meat containing T. gondii cysts. Consumption of contami-
nated water, milk, and other foods containing oocysts from cat feces can also cause infection [36].

2.2.2 Mortality and Morbidity Rates
The routine use of cotrimoxazole prophylaxis, both in the United States and internationally, has probably signifi-
cantly reduced the incidence of CNS toxoplasmosis [37]. Cotrimoxazole has beneficial effects against Pneumocystis
jiroveci pneumonia (PJP), malaria, cerebral toxoplasmosis, and non-typhoidal salmonellosis. Although toxoplas-
mosis has been well studied in women of childbearing age because of its adverse effects on the fetus, no difference
in prevalence between the sexes has been reported [38]. The prevalence of toxoplasmosis is correlated with the
specific disease burden in certain countries, accounting for 23% of the variability in disease burden in Europe [38].
Furthermore, no differences in seroprevalence have been observed between age groups; with the exception of T.
gondii chorioretinitis, older individuals are more likely to have clinically evident reactivation of T. gondii infection.
Congenitally acquired T. gondii chorioretinitis is more likely to recur in individuals older than 40 years [39, 40].
Toxoplasma retinochoroiditis (TRC) is likely the most prevalent cause of infectious retinochoroiditis globally.
One-quarter of patients with a history of Toxoplasma retinochoroiditis report visual acuity worse than 20/200 in at
least one eye. Patients may be infected in utero or by ingestion of the parasite [41].

2.2.3 Infection in the Immunocompetent Host

Eighty to ninety percent of T. gondii infections in immunocompetent hosts are asymptomatic. When acute infection
is symptomatic, symptoms usually include symmetric lymphadenopathy, fever, and a nonspecific rash. The vast
majority of infections are benign and resolve within a few weeks. The infection due to T. gondii is reported in
immunocompetent as well as in immunocompromised patients [42].

Chorioretinitis, or ocular toxoplasmosis, is a relatively common manifestation of T. gondii infection. Ocular tox-
oplasmosis occurs when cysts in or near the retina become active and produce tachyzoites. Focal necrotizing retinitis
is the characteristic lesion, but retinal scarring from previous reactivation is often present. Ocular toxoplasmaosis is
usually associated with ocular pain and decreased visual acuity. In adults who contracted the disease at a young age,
both eyes are usually affected. Adults with acute infection usually have unilateral ocular disease [43, 44].

2.2.4 Congenital Infection
Approximately 10-20% of pregnant women infected with T. gondii develop symptoms. The most common signs of
infection are fever and malaise. If the mother contracts the infection before becoming pregnant, the risk of infecting
the fetus is virtually nonexistent as long as her immune system stays healthy. However, if the mother is infected
during pregnancy, there is a risk of fetal infection. The transplacental infection rate is estimated to be 50% for
untreated mothers and 25% for treated mothers [45, 46].

In a cohort study spanning 12 years, maternal T. gondii antibody screening revealed an incidence of congenital
T. gondii infection of 1.5% (7/469) among Japanese women who tested positive for T. gondii HA/IgG and addition-
ally tested positive or equivocal for T. gondii IgM. One hundred four (22.2%) women with low IgG avidity were
considered to have had primary T. gondii infection during the first trimester. The incidence of congenital T. gondii
infection in Japanese who acquired primary infection during pregnancy was calculated to be 6.7% (7/104). None of
the women with a high or borderline IgG avidity index had a positive PCR test for T. gondii DNA in amniotic fluid
or neonatal blood [47].

The rate of fetal infection increases with each trimester of pregnancy: 10-25% of infections occur in the first
trimester, 30% in the second trimester, and 50% in the third trimester [48]. Clinical features of congenital T. gondii
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infection include chorioretinitis, blindness, seizures, microcephaly, anemia, and encephalitis. Infections acquired
during the third trimester are usually subclinical, with clinical disease occurring later in life. Seventy-five percent
of infants born with a congenital infection of T. gondii show no symptoms, 14% had chorioretinitis, and 9% of
infants had T. gondii enter the CNS through the blood-brain barrier (BBN) [45] [49] [50]. Lower birth weight and
an earlier delivery have been linked to latent Toxoplasmosis. Among women with latent Toxoplasmosis, the odds
of an early delivery were 1.7, and low birth weight was 1.9 times more common than in women who tested negative
for T.gondii [51].

2.2.5 Infection in Immunocompromised Patients

Often, toxoplasmosis in immunocompromised patients is a consequence of latent infection and reactivation [52]. It
has been proposed that Toxoplasma gondii is a significant opportunistic pathogen in patients with compromised
immune systems. [5]. In patients with AIDS, T. gondii tissue cysts can reactivate at CD4 T lymphocyte counts below
200 cells/p L, and clinical disease becomes more likely at counts below 100 cells/p L. On the other hand, individuals
with CD4 counts below 100 cells/uL. who test positive for T. gondii 1gG antibodies face a 30% risk of developing
reactivation disease if prophylaxis is not administered or immune function is not adequately restored [25, 5]. Tox-
oplasmic pneumonitis, myocarditis, and disseminated toxoplasmosis are often diagnosed in addition to CNS toxo-
plasmosis in immunocompromised patients [53].

2.3 Prevention and Control of the Disease in Humans

Preventive measures can significantly reduce the risk of infection with T. gondii, but cannot always prevent infection
[29]. To prevent horizontal, food-borne transmission of T. gondii to humans, meat and other edible parts of animals
should not be eaten raw or undercooked/overcooked, i.e. thoroughly cooked (70 <C) before eating [1]. While freezing
by itself may not guarantee that all tissue cysts are rendered non-infectious, freezing meat at -12<C or below before
cooking can help lower the risk of infection. In addition, meat should not be tasted during seasoning or cooking,
and pregnant women who are not immunocompromised should follow this rule of conduct [54]. Furthermore, high
standards of kitchen hygiene are essential to prevent the risk of horizontal transmission of T. gondii to humans via
tissue cysts [55]. In a case-control study in Norway, infrequent washing of kitchen knives after preparing raw meat
was associated with an increased risk of primary infection during pregnancy. Both tissue cysts and tachyzoites are
killed by water, so hands and all utensils used to prepare raw meat or other animal foods should be washed thor-
oughly with hot water and soap [56, 57]. Implementing awareness and cost-effective screening programs for preg-
nant women can alleviate the emotional and financial burden of this condition [58]. It is important to impart health
education to women, butchers, pig breeders, pet handlers, and others about the reservoir of infection, mode of trans-
mission, and hazards of eating raw or uncooked meat [2]. In addition, pregnant women are advised not to clean cat
litter box [2].

3. Conclusion

Toxoplasma gondii is a zoonotic agent of major public health concern. For this reason, several organizations, in-
cluding the World Health Organization, have repeatedly recommended that we collect accurate epidemiological
data on this parasite. Because tachyzoites can survive outside the host for only a short time, It is generally believed
that postnatal human infections result from the ingestion of one of two persistent stages of T. gondii, tissue cysts in
the flesh or viscera of many animals, and oocysts shed into the environment by domestic and feral cats. Their
specific role in the epidemiology of T. gondii infection is still not well understood. Consumption of undercooked or
grilled meat has been shown to be the primary risk factor for primary infection or seropositivity in humans in several
recent case-control studies.

Waterborne transmission of oocysts to humans may be of greater epidemiologic importance than previously
thought. Whether the risk of infection with T. gondii from oocysts shed by domestic cats in their owners' homes can
be significantly reduced by preventive measures is currently unknown. The same is true for measures related to
drinking water quality control. Contagious T. gondii oocysts from the environment may be present in this drinking
water. Therefore, the human toxoplasmosis outbreak in VVancouver has prompted research on the oocyst stage of
the parasite, and methods are being developed to facilitate its detection in drinking water. It is hoped that future
epidemiologic studies of T. gondii will consider the role of oocysts as a potential source of human infection. There
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is also a need for methods to control them in the environment.
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