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The following general guidelines can be used to evaluate congenital
infection. There is essentially no risk if the mother becomes infected
≥6 months before conception. If infection is acquired <6 months
before conception, the likelihood of transplacental infection increases
as the interval between infection and conception decreases. Women
with documented acute toxoplasmosis should be counseled to use
appropriate measures to prevent pregnancy for 6 months after infection. In pregnancy, if the mother becomes infected during the first
trimester, the incidence of transplacental infection is lowest (~15%),
but the disease in the neonate is most severe. If maternal infection
occurs during the third trimester, the incidence of transplacental
infection is greatest (65%), but the infant is usually asymptomatic
at birth. Infected infants who are normal at birth may have a higher
incidence of learning disabilities and chronic neurologic sequelae than
uninfected children. Only a small proportion (20%) of women infected
with T. gondii develop clinical signs of infection. Often the diagnosis
is first appreciated when routine postconception serologic tests show
evidence of specific antibody.
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PATHOGENESIS
Upon the host’s ingestion of either tissue cysts containing bradyzoites
or oocysts containing sporozoites, the parasites are released from the
cysts by the digestive process. Bradyzoites are resistant to the effect of
pepsin and invade the host’s gastrointestinal tract. Within enterocytes
(or other gut-associated cells), the parasites undergo morphologic
transformation, giving rise to invasive tachyzoites. These tachyzoites
induce a parasite-specific secretory IgA response. From the gastrointestinal tract, parasites disseminate to a variety of organs, particularly
lymphatic tissue, skeletal muscle, myocardium, retina, placenta, and
the CNS. At these sites, the parasite infects host cells, replicates, and
invades the adjoining cells. In this fashion, the hallmarks of the infection develop: cell death and focal necrosis surrounded by an acute
inflammatory response.
In the immunocompetent host, both the humoral and the cellular
immune responses control infection; parasite virulence and tissue
tropism may be strain specific. Tachyzoites are sequestered by a
variety of immune mechanisms, including induction of parasiticidal
antibody, activation of macrophages with radical intermediates, production of interferon γ (IFN-γ), and stimulation of CD8+ cytotoxic
T lymphocytes. These antigen-specific lymphocytes are capable of
killing both extracellular parasites and target cells infected with parasites. As tachyzoites are cleared from the acutely infected host, tissue
cysts containing bradyzoites begin to appear, usually within the CNS
and the retina. Studies indicate that Toxoplasma secretes signaling
molecules into infected host cells and that these molecules modulate
host gene expression, host metabolism, and host immune response.
While it was initially thought that cysts with bradyzoites are not
eliminated by the immune system, recent studies in the murine model
indicate that both CD8+ T cells and alternatively activated macrophages are able to kill cysts in vivo; some cysts persist, however, and
the ability to eliminate cysts may depend on the genetic background
of the infected host.
In the immunocompromised or fetal host, the immune factors necessary to control the spread of tachyzoite infection are lacking. This
altered immune state allows the persistence of tachyzoites and gives
rise to progressive focal destruction that results in organ failure (i.e.,
necrotizing encephalitis, pneumonia, and myocarditis).
It is thought that all infected individuals have persistent infection
with cysts containing bradyzoites, but this lifelong infection usually
remains subclinical. Although bradyzoites are in a slow metabolic
phase, cysts do degenerate and rupture within the CNS. This degenerative process, with the development of new bradyzoite-containing cysts,
is the most probable source of recrudescent infection in immunocompromised individuals and the most likely stimulus for the persistence of
antibody titers in the immunocompetent host. Although the concept is
controversial, the persistence of toxoplasmosis has been hypothesized
to be a contributing factor to a variety of neuropsychiatric conditions,
including schizophrenia and bipolar disease. In rodents, infection
clearly has significant effects on behavior, increasing predation.
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PATHOLOGY
Cell death and focal necrosis due to replicating tachyzoites induce an
intense mononuclear inflammatory response in any tissue or cell type
infected. Tachyzoites rarely can be visualized by routine histopathologic staining of these inflammatory lesions. However, immunofluorescent staining with parasitic antigen–specific antibodies can reveal
either the organism itself or evidence of antigen. In contrast to this
inflammatory process caused by tachyzoites, bradyzoite-containing
cysts cause inflammation only at the early stages of development, and
even this inflammation may be a response to the presence of tachyzoite
antigens. Once the cysts reach maturity, the inflammatory process can
no longer be detected, and the cysts remain immunologically quiescent
within the brain matrix until they rupture.
Lymph Nodes During acute infection, lymph node biopsy demonstrates characteristic findings, including follicular hyperplasia and
irregular clusters of tissue macrophages with eosinophilic cytoplasm.
Granulomas rarely are evident in these specimens. Although tachyzoites are not usually visible, they can be sought either by subinoculation
of infected tissue into mice, with resultant disease, or by PCR. PCR
amplification of DNA fragments of Toxoplasma genes is effective and
sensitive in establishing lymph node infection by tachyzoites.
Eyes In the eye, infiltrates of monocytes, lymphocytes, and plasma
cells may produce uni- or multifocal lesions. Granulomatous lesions
and chorioretinitis can be observed in the posterior chamber after
acute necrotizing retinitis. Other ocular complications include iridocyclitis, cataracts, and glaucoma.
Central Nervous System During CNS involvement, both focal and diffuse meningoencephalitis can be documented, with evidence of necrosis and microglial nodules. Necrotizing encephalitis in patients without
AIDS is characterized by small diffuse lesions with perivascular cuffing
in contiguous areas. In the AIDS population, polymorphonuclear
leukocytes may be present in addition to monocytes, lymphocytes,
and plasma cells. Cysts containing bradyzoites frequently are found
contiguous with the necrotic tissue border. As a consequence of
combined antiretroviral therapy (cART) for AIDS, the incidence of
toxoplasmosis has decreased in the developed world. Its incidence in
under-resourced settings is not known.
Lungs and Heart Among patients with AIDS who die of toxoplasmosis, 40–70% have involvement of the lungs and heart. Interstitial pneumonitis can develop in neonates and immunocompromised patients.
Thickened and edematous alveolar septa infiltrated with mononuclear
and plasma cells are apparent. This inflammation may extend to the
endothelial walls. Tachyzoites and bradyzoite-containing cysts have
been observed within the alveolar membrane. Superimposed bronchopneumonia can be caused by other microbial agents. Cysts and
aggregates of parasites in cardiac muscle tissue are evident in patients
with AIDS who die of toxoplasmosis. Focal necrosis surrounded by
inflammatory cells is associated with hyaline necrosis and disrupted
myocardial cells. Pericarditis is associated with toxoplasmosis in some
patients.
Gastrointestinal Tract Rare cases of human gastrointestinal tract
infection with T. gondii have presented as ulcerations in the mucosa.
Acute infection in certain strains of inbred mice (C57BL/6) results
in lethal ileitis within 7–9 days. This inflammatory bowel disease has
been recognized in several other mammalian species, including pigs
and nonhuman primates. Although the association between human
inflammatory bowel disease and either acute or recurrent Toxoplasma
infection has not been established, studies have demonstrated recognition of the infection by human intestinal epithelial cells, as evidenced
by mitogen-activated protein kinase phosphorylation, nuclear factor
κB translocation, and interleukin (IL) 8 secretion.
Other Sites Pathologic changes during disseminated infection are
similar to those described for the lymph nodes, eyes, and CNS. In
patients with AIDS, the skeletal muscle, pancreas, stomach, and kidneys can be involved, with necrosis, invasion by inflammatory cells,
and (rarely) tachyzoites detectable by routine staining. Large necrotic
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