
Toxoplasma gondii is a single-celled parasitic organism that belongs to the phylum Apicomplexa

and is capable of infecting virtually all warm-blooded animals, including humans . This

intracellular parasite is found worldwide and is one of the most common parasites in developed

countries . T. gondii is the causative agent of toxoplasmosis, a disease that can range from

asymptomatic to severe depending on the host's immune status . The parasite's unique life

cycle, involving both sexual and asexual reproduction, and its ability to establish lifelong

infections make it a subject of significant scientific and medical interest .

Toxoplasma gondii was first described in 1908 by Nicolle and Manceaux in Tunisia, and

independently by Splendore in Brazil . The parasite was named Toxoplasma gondii after the

curved shape of its infectious stage (from the Greek word "toxon" meaning bow) and the North

African rodent (Ctenodactylus gundi) in which it was discovered . The first recorded case of

congenital toxoplasmosis was documented in 1923, although it wasn't identified as being

caused by T. gondii at that time .

The first detailed scientific analysis of T. gondii occurred in 1937 when Sabin and Olitsky

demonstrated that it was an obligate intracellular parasite that could be transmitted between

animals . In 1939, T. gondii was first described as a human pathogen when Wolf, Cowen, and

Paige identified the infection in an infant girl who developed seizures and chorioretinitis shortly

after birth . The first adult case of toxoplasmosis was reported in 1940 .

A significant advancement in diagnosis came in 1948 with the development of the Sabin-

Feldman Dye Test, which remains the gold standard for identifying Toxoplasma infection . The

transmission of Toxoplasma through consumption of raw or undercooked meat was

demonstrated in 1965 by Desmonts et al. in Paris . The parasite gained increased attention in

the 1970s and 1980s with the rise of immunosuppressant treatments and the AIDS epidemic, as

patients with compromised immune systems are much more susceptible to severe

toxoplasmosis .

Toxoplasma gondii exists in three infectious stages: tachyzoites, bradyzoites (in tissue cysts),

and sporozoites (in oocysts) .
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Tachyzoites are the rapidly multiplying form seen during the acute stage of infection . They

are crescent-shaped with a pointed anterior end and a rounded posterior end, measuring

approximately 6μm in length and 2μm in breadth . The nucleus is spherical or rounded and

typically situated toward the central area of the cell . Tachyzoites enter host cells by active

penetration of the cell membrane and, once inside, become oval in shape and surrounded by a

parasitophorous vacuole . They multiply asexually within the host cell by repeated

endodyogeny (internal budding), with two daughter tachyzoites forming within the parent

cell . When the host cell becomes distended with parasites, it disintegrates, releasing the

trophozoites to infect other cells .

Bradyzoites are the slowly replicating form found in tissue cysts during chronic infection .

These cysts form when the parasites multiply and produce a wall within a host cell . The cyst

wall is eosinophilic and argyrophilic, providing protection for the parasites against the host's

immune response and certain medications . Tissue cysts can persist for the lifetime of the

host, primarily in neural and muscle tissues .

Sporozoites are contained within oocysts, which are produced during the sexual phase of the

parasite's life cycle in the intestines of felids (cats) . Unsporulated oocysts are shed in cat

feces and take 1-5 days to sporulate in the environment and become infective . Each

sporulated oocyst contains two sporocysts, with four sporozoites in each sporocyst .

Ultrastructurally, sporozoites are similar to tachyzoites but contain an abundance of micronemes,

rhoptries, and amylopectin granules .

The life cycle of Toxoplasma gondii is complex and involves both definitive hosts (where sexual

reproduction occurs) and intermediate hosts (where asexual reproduction occurs) .

Members of the cat family (Felidae) are the only known definitive hosts for T. gondii . Within

the intestinal epithelial cells of cats, the parasite undergoes both asexual reproduction

(schizogony) and sexual reproduction (gametogony), resulting in the production of unsporulated

oocysts that are shed in the feces . Oocyst production is higher in young kittens than in

adult cats and is more likely to occur following the ingestion of tissue cysts rather than

tachyzoites or oocysts . Most cats excrete oocysts only for a few weeks following initial

infection, although some may continue to produce low numbers of oocysts due to reinfection or

recrudescence .
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A wide range of warm-blooded animals, including humans, can serve as intermediate hosts for T.

gondii . In these hosts, the parasite undergoes only asexual reproduction . The life cycle in

intermediate hosts begins when they ingest sporulated oocysts from the environment or tissue

cysts in raw or undercooked meat . After ingestion, the parasites are released and invade

intestinal epithelial cells, where they differentiate into tachyzoites . These tachyzoites multiply

rapidly and spread throughout the body via the bloodstream . In response to the host's

immune pressure, tachyzoites convert to bradyzoites and form tissue cysts, primarily in neural

and muscle tissues, establishing a chronic infection .

Toxoplasma gondii can be transmitted to humans through several routes:

Toxoplasma gondii infection is one of the most common parasitic infections globally, with an

estimated worldwide prevalence of approximately 25.7% . However, seroprevalence rates

vary widely between regions and populations .

According to epidemiological studies, the global distribution of T. gondii infection shows

significant geographical variation :

In the United States, it's estimated that approximately 22.5% of the population aged 12 years

and older has been infected with T. gondii . The Centers for Disease Control and Prevention

(CDC) reports that over 40 million people in the United States are infected with the parasite .

Intermediate Hosts
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Transmission Routes

1. Foodborne transmission: Consuming undercooked meat containing tissue cysts,

unwashed fruits and vegetables, or contaminated water .[2] [11]

2. Animal-to-human transmission: Accidental ingestion of sporulated oocysts after contact

with cat feces or contaminated soil .[2] [11]

3. Mother-to-child (congenital) transmission: When a pregnant woman becomes newly

infected with T. gondii, the parasite can cross the placenta and infect the fetus .[2] [13]

4. Other modes: Rarely, through organ transplantation or blood transfusion from an infected

donor .[2] [11]

Epidemiology
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Global Prevalence
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African countries have the highest average seroprevalence rate at 61.4% .[14]

Oceania follows with 38.5% .[14]

South America has an average seroprevalence of 31.2% .[14]

Europe shows an average rate of 29.6% .[14]

The United States and Canada have a lower rate of 17.5% .[14]

Asia has the lowest average seroprevalence at 16.4% .[14]
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Several factors influence the risk of T. gondii infection:

The clinical presentation of toxoplasmosis varies widely depending on the host's immune status

and the timing of infection .

In individuals with healthy immune systems, T. gondii infection is usually asymptomatic .

When symptoms do occur, they are typically mild and self-limiting, resembling a flu-like illness

with:

These symptoms may last for weeks to months before resolving spontaneously . However, the

parasite remains in the body in an inactive state, forming tissue cysts that can persist for the

lifetime of the host .

In people with weakened immune systems, such as those with HIV/AIDS, cancer patients

receiving chemotherapy, or transplant recipients on immunosuppressive medications,

toxoplasmosis can be severe and potentially life-threatening . In these individuals, a new

infection or reactivation of a latent infection can cause:

Risk Factors

Geographic location: Areas with hot, humid climates and lower altitudes often have higher

rates of infection as the parasite survives better in these environments .[11]

Dietary habits: Consumption of raw or undercooked meat, unwashed fruits and vegetables,

and unpasteurized milk products increases the risk of infection .[2] [11]

Cat ownership: While cat ownership itself is not a strong risk factor, activities such as

cleaning cat litter boxes or gardening in soil where cats may have defecated can increase

exposure to oocysts .[11] [16]

Occupational exposure: Individuals who work with soil, such as gardeners and farmers, or

those who handle raw meat may have increased exposure .[16]

Immunocompromised status: While not a risk factor for acquiring the infection,

immunocompromised individuals are at higher risk for severe disease if infected .[2] [13]

Clinical Manifestations
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Immunocompetent Individuals
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Fever [4] [13]

Swollen lymph nodes (lymphadenopathy) [3] [13]

Headache [4]

Muscle aches and pains [2] [13]

Fatigue [3] [4]

Skin rash (occasionally) [4]
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When a woman becomes infected with T. gondii during pregnancy, the parasite can cross the

placenta and infect the fetus, resulting in congenital toxoplasmosis . The severity of

congenital infection depends largely on the timing of maternal infection during pregnancy, with

earlier infections typically causing more severe damage .

Manifestations of congenital toxoplasmosis may include:

Ocular toxoplasmosis can result from either congenital infection or acquired infection after

birth . It typically presents as retinochoroiditis (inflammation of the retina and choroid) and

can cause:

If left untreated, ocular toxoplasmosis can lead to permanent vision loss .

One of the most intriguing aspects of T. gondii infection is its potential effect on host behavior,

particularly in rodents but possibly also in humans .

Toxoplasmic encephalitis (brain infection), characterized by headache, confusion, seizures,

and focal neurological deficits [13] [17]

Pneumonitis (lung infection) with breathing difficulties [4]

Chorioretinitis (eye infection) leading to vision problems [4] [13]

Disseminated disease affecting multiple organs [2]

Congenital Toxoplasmosis
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Miscarriage or stillbirth [13]

Hydrocephalus (abnormal enlargement of the head) [13]

Intracranial calcifications [3]

Chorioretinitis (which may not be apparent at birth but can develop later in life) [13]

Seizures [3] [13]

Mental disability [13]

Hearing loss [3]

Ocular Toxoplasmosis
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Eye pain [4] [13]

Blurred vision [4]

Floaters (specks that seem to swim in the field of vision) [4]

Photophobia (sensitivity to light) [13]

Reduced visual acuity [13]
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Neurological and Behavioral Effects
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In rodents, T. gondii infection has been shown to alter behavior in ways that increase the

likelihood of predation by cats, the definitive host . Infected rodents exhibit:

These behavioral changes are thought to be evolutionary adaptations that enhance the

parasite's reproductive success by increasing the chance that infected rodents will be eaten by

cats, allowing T. gondii to complete its life cycle .

In humans, the behavioral effects of T. gondii infection are more subtle and controversial .

Some studies have suggested associations between latent toxoplasmosis and various behavioral

or neuropsychiatric conditions:

The mechanisms underlying these potential behavioral effects may involve:

However, it's important to note that many of these associations are based on observational

studies and do not necessarily imply causation . More research is needed to fully

understand the relationship between T. gondii infection and human behavior .

The diagnosis of toxoplasmosis involves a combination of clinical evaluation, serological testing,

molecular methods, and, in some cases, histological examination .

Serological tests are the most commonly used methods for diagnosing T. gondii infection .

These tests detect antibodies produced in response to the infection:

Effects in Rodents

[1]

Decreased aversion to cat odors [1] [18]

Increased exploratory behavior [1]

Reduced anxiety and fear responses to predators [1] [18]

[1]

Potential Effects in Humans
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Personality changes, including increased extroversion and decreased conscientiousness [15]

Altered reward processing and dopaminergic signaling [19]

Increased risk of traffic accidents [18] [15]

Possible associations with schizophrenia and other psychiatric disorders [1] [18]

Alterations in neurotransmitter levels, particularly dopamine [18] [15]

Formation of tissue cysts in the brain, affecting specific regions involved in behavior and

emotion [17] [18]

Immune-mediated effects on brain function [18]

[18] [19]

[18]

Diagnosis
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Serological Testing
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IgM antibodies: These appear early in infection and typically decline within a few months,

although they may persist for years in some individuals .[20]



Common serological tests include the Sabin-Feldman dye test (the historical gold standard),

enzyme-linked immunosorbent assay (ELISA), indirect fluorescent antibody test (IFAT), and

agglutination tests .

Polymerase chain reaction (PCR) assays can detect T. gondii DNA in blood, cerebrospinal fluid,

amniotic fluid, aqueous humor, bronchoalveolar lavage fluid, and tissue samples . PCR is

particularly useful for:

Imaging studies may be helpful in diagnosing toxoplasmic encephalitis and ocular

toxoplasmosis:

In some cases, T. gondii can be directly detected through:

Treatment for toxoplasmosis depends on the clinical presentation, the patient's immune status,

and, in the case of pregnant women, the gestational age .

IgG antibodies: These develop within 1-2 weeks of infection and usually remain detectable

for life, indicating past exposure to the parasite .[20]

IgG avidity testing: This helps distinguish between recent and past infections by measuring

the strength of IgG binding to the antigen .[20]
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Molecular Methods

[20]

Diagnosing congenital toxoplasmosis through amniotic fluid testing [20]

Detecting the parasite in immunocompromised patients with suspected toxoplasmic

encephalitis [20]

Confirming ocular toxoplasmosis when serological results are inconclusive [20]

Imaging Studies

Computed tomography (CT) or magnetic resonance imaging (MRI) of the brain may show

characteristic ring-enhancing lesions in patients with toxoplasmic encephalitis .[3] [20]

Ophthalmoscopic examination can reveal typical retinal lesions in ocular toxoplasmosis

.

[4]
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Direct Detection

Histological examination of tissue samples, particularly from lymph nodes, brain, or other

affected organs .[20]

Isolation of the parasite by inoculation of patient samples into cell cultures or laboratory

mice .[20]

Treatment
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In immunocompetent individuals with mild, uncomplicated toxoplasmosis, treatment is often not

necessary as the infection typically resolves spontaneously . However, treatment may be

considered for severe or persistent symptoms and always for ocular disease .

For immunocompromised patients with active toxoplasmosis, treatment is essential and typically

consists of a combination of antimicrobial agents :

After successful treatment of acute toxoplasmosis, immunocompromised patients typically

require lifelong prophylaxis to prevent recurrence, usually with TMP-SMX .

Treatment of toxoplasmosis during pregnancy aims to prevent or reduce transmission to the

fetus and minimize the severity of congenital infection :

Infants with confirmed congenital toxoplasmosis require treatment with pyrimethamine,

sulfadiazine, and leucovorin for up to one year, regardless of whether they have symptoms at

birth .

Treatment of ocular toxoplasmosis typically involves:

Immunocompetent Individuals
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Immunocompromised Individuals

[21]

First-line therapy: Pyrimethamine (with leucovorin to prevent bone marrow suppression)

plus sulfadiazine for 6 weeks or longer, depending on the clinical response .[21]

Alternative regimens: Trimethoprim-sulfamethoxazole (TMP-SMX), pyrimethamine plus

clindamycin, atovaquone plus pyrimethamine, or azithromycin plus pyrimethamine .[21]

Corticosteroids: May be added for a short duration if there is significant cerebral edema or

ocular inflammation .[21]

[21]

Pregnant Women and Congenital Toxoplasmosis
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Spiramycin: Used primarily in the first trimester to reduce placental transmission .[7]

Pyrimethamine, sulfadiazine, and leucovorin: Used after the first trimester if fetal infection

is confirmed or highly suspected .[21]

[3] [21]

Ocular Toxoplasmosis

Systemic antimicrobial therapy: Usually with pyrimethamine, sulfadiazine, and leucovorin,

or alternatively with TMP-SMX .[21]

Corticosteroids: Added to reduce inflammation and prevent damage to ocular

structures .[21]

Intravitreal injections: In some cases, direct injection of clindamycin and dexamethasone

into the eye may be used .[21]



Prevention of toxoplasmosis involves measures to avoid exposure to the parasite and is

particularly important for pregnant women and immunocompromised individuals .

Pregnant women and immunocompromised individuals should take additional precautions:

Prevention

[2] [16]

Food Safety Measures

Cook meat to safe internal temperatures (160°F/71°C) to kill tissue cysts .[2] [16]

Freeze meat for several days at sub-zero temperatures (0°F/-18°C) before cooking to

reduce the risk of infection .[2] [16]

Wash fruits and vegetables thoroughly before consumption .[2] [16]

Avoid drinking unpasteurized milk, particularly goat's milk .[2] [16]

Avoid consuming raw oysters, mussels, or clams .[2]

Use separate cutting boards and utensils for raw meat and other foods .[16]

Wash hands, cutting boards, and utensils thoroughly after handling raw meat .[16]

Reducing Environmental Exposure

Wear gloves when gardening or handling soil that may be contaminated with cat feces

.
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Wash hands thoroughly after outdoor activities, especially before eating or preparing

food .[16]

Cover children's sandboxes when not in use to prevent cats from using them as litter

boxes .[16]

Avoid drinking untreated water, particularly from surface water sources .[2] [11]

Cat-Related Precautions

If you own a cat, change the litter box daily, as oocysts take 1-5 days to become

infectious .[2] [10]

If pregnant or immunocompromised, avoid changing cat litter if possible, or wear gloves and

wash hands thoroughly afterward .[16]

Keep cats indoors to prevent them from hunting and consuming infected prey .[11]

Feed cats commercial cat food or well-cooked meat rather than raw meat .[11]

Precautions for High-Risk Groups

Undergo serological testing early in pregnancy to determine immune status .[3]

If seronegative (not previously infected), follow all preventive measures rigorously

throughout pregnancy .[16]



Toxoplasma gondii is a remarkably successful parasite with a complex life cycle and a global

distribution . While most infections in immunocompetent individuals are asymptomatic or

cause only mild illness, toxoplasmosis can have severe consequences in immunocompromised

patients and when transmitted congenitally . The potential behavioral effects of T. gondii

infection, particularly its ability to manipulate rodent behavior and its possible associations with

human neuropsychiatric conditions, continue to be areas of active research .

Advances in diagnostic techniques, treatment strategies, and preventive measures have

improved our ability to manage toxoplasmosis . However, the high global prevalence of

infection, the parasite's ability to establish lifelong latent infections, and the challenges in

treating certain manifestations of the disease underscore the continued importance of research

into this fascinating organism . Understanding the biology, epidemiology, and clinical aspects

of T. gondii infection remains crucial for developing more effective strategies to prevent and

treat toxoplasmosis, particularly in vulnerable populations .

⁂

Immunocompromised individuals who are seronegative should also follow strict preventive

measures and may require prophylactic medication in certain circumstances .[21]
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