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Context: Toxoplasmosis is one of the most common parasitic infections worldwide and is occasionally able to cause cysts in the central 
nervous system (CNS). Although its importance is highlighted in immune-compromised patients, it is also associated with non-identified 
complications due to various anatomopathological and histological changes in CNS among immune-competent hosts, particularly 
following travel or military deployment to endemic regions. These changes may lead to behavioral disorders, which are frequently 
overlooked or misdiagnosed.
Evidence Acquisition: We designed a narrative review to describe the risk of toxoplasmosis associated with military jobs and the potential 
changes in different parts of the central nervous system during toxoplasmosis, based on published articles in the last 30 years.
Results: The current body of evidence reveals many potential routes of transmission for military operating forces and there have been 
several reports of toxoplasma outbreaks among soldiers. Although acute infection is frequently symptomless, many mild and non-specific 
clinical manifestations are commonly overlooked. Also, military forces are prone to CNS toxoplasma infections, which may lead to several 
psychological and neurological clinical presentations following acute, sub-acute and chronic infection.
Conclusions: Toxoplasmosis is frequent among military forces and CNS infection is likely in this population. Thus clinicians must be 
aware and investigate toxoplasma in suspicious neuropsychological manifestations even in immunocompetent and apparently healthy 
hosts, particularly for military personnel deployed to endemic areas.
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1. Context
Toxoplasmosis is one of the most common parasitic 

infections worldwide and almost one-third of the glob-
al population has carried the agent of this infection, 
namely Toxoplasma gondii (T. gondii) (1-3). However, the 
seroprevalence of this disease in the human population 
varies among nations from 9 to about 78% (4). Although 
armed forces are generally healthy, toxoplasmosis is not 
infrequent in this population. For instance, the serop-
revalence of toxoplasmosis in military personnel in the 
Czech Republic was reported as 23% (4). Nevertheless, Co-
lombian military personnel who were involved in jungle 
operations had 80% seroprevalence (5). Armed forces are 
expected to be exposed to transmission routes in battle-
fields and operation environments. Although toxoplas-
ma infection is generally asymptomatic in immunocom-
petent individuals, there are some reports of epidemic 
outbreaks in military populations with fever, adenopa-
thies and pulmonary and gastrointestinal compromise 
(6). Unfortunately, the chronic form of this disease may 
present neuropsychological manifestations (2). It has 
been suggested that retired armed forces and veterans, 

particularly those with chronic diseases, are susceptible 
to opportunistic toxoplasmosis. Therefore, medical ser-
vices must investigate the potential of this disease and 
its complications in military populations. The aim of this 
review article was to describe changes in different parts 
of the brain during toxoplasmosis.

2. Evidence Acquisition
In this narrative review, we searched Google and 

Pubmed data banks as well as our department and the 
University library archives to retrieve studies during last 
30 years about toxoplasmosis, brain and military forces. 
A total of 55 full papers were relevant and used in this re-
view of which three were review articles.

3. Results
This parasite is an obligate intracellular protozoa that 

belongs to the Apicomplexa phylum without cilia or fla-
gella and moves in the manner of gliding via its actin-
myosin motor (7). It causes a zoonotic disease, where its 
definitive and intermediate hosts are cats and homeo-
thermic animals for example humans, respectively (8-
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16). Infection initiates with an acute phase in healthy 
humans, which is mostly asymptomatic. However, it may 
convert to a chronic phase without symptoms; this phase 
being mostly localized in the brain (14). This is because T. 
gondii is able to pass the blood-brain-barrier and settle in 
the central nervous system (brain) and establish cysts in-
cluding bradyzoites (17) that escape the immune system 
(3) and lead to chronic infection in the brain, and present 
various psychoneurological disorders (12, 18, 19).

3.1. Type of Parasite
In terms of polymorphisms of T. gondii genes, T. gondii 

includes three major strains (type):
Type Ι strain (RH) has been associated with acute viru-

lence and congenital toxoplasmosis. This strain rapidly 
disseminates and reaches high tissue burdens because 
of its enhanced ability to cross biological barriers and 
penetrate deeper tissue layers such as lamina propria, 
submucosa, vascular endothelium and intestinal epi-
thelium. It has notable capacity for transmigration and 
long distance migration (LDM). It also has been observed 
in ocular toxoplasmosis and AIDS victims. Type ΙΙ strain 
is common in AIDS and immunosuppressive cases, and 
may lead to toxoplasma encephalitis. In ocular toxoplas-
mosis, type ΙΙ strains are frequent and may be associated 
with schizophrenia. Type II also causes chronic infection 
with tissue cysts in mice, meanwhile it is the predomi-
nant strain that leads to infection among the population 
of Europe and North America and has also been recorded 
in patients with congenital disease. Type ΙΙΙ strains are 
nonpathogenic (7, 20-31).

3.2. Host Gene
Host genes influence the outcome of clinical illness in 

toxoplasmosis besides other factors; for example, mouse 
is an excellent model for producing chronic toxoplasmo-
sis but is a poor model for neurological features. The HLA-
DQ genes in human and Ld gene in mice are important for 
regulation of immune responses against toxoplasmosis. 
Apparently, these genes control resistance or susceptibil-
ity of the host against toxoplasma encephalitis (21, 32).

3.3. Transmission
Human can be infected by T. gondii in different ways. A 

common route is the oral route and ingestion of various 
forms of parasite such as oocytes; including sporozoites 
which are found in soil, water, food, drinks and children's 
sandboxes contaminated with infected cat feces (1, 2, 7, 9, 
12, 17, 33). Oocytes are ubiquitous in nature and are highly 
resistant to disinfectants and environmental influences 
and play a major role in fecal-oral transmission. Tissue 
cysts consisting of bradyzoites are found in raw or under-
cooked meat, and are associated with latent infections (1, 
2, 33, 34). Finally, tachyzoites are transmitted as congeni-
tal infections via transplacental or by blood transfusion, 
organ transplantation and laboratory accidents (9, 24, 

25, 27, 35). There is no reliable evidence for the prevalence 
rate of toxoplasmosis in animal populations. Cats are 
the definitive host of this parasite and can shed one mil-
lion oocytes per gram of feces over a period of 1-3 weeks. 
Oocytes may survive in the outdoors for up to 18 months 
in soil and 24 months in seawater. This source, spreads 
infection to wild animals, domestic livestock and even 
coastal marine mammals (36). However, local studies 
have reported the transmission of toxoplasmosis to hu-
mans from various animal sources as intermediate hosts. 
In meat-producing animals, tissue cysts of toxoplasmosis 
are observed most frequently in sheep, goats, pigs and 
less frequently in rabbits (4). An old report demonstrated 
an outbreak of toxoplasmosis in army carrier pigeons in 
Panama in 1943 (37). Rodents and birds act as intermedi-
ate hosts and domestic animals and humans could be the 
end-stage of intermediate hosts.

Figure 1. Immunofluorescence Image of Human Fibroblasts Infected 
With a Mutant Toxoplasma gondii Intracellular Parasite

Note that in this mutant, parasite cells contain two nuclei. Nuclei are 
shown in blue, and the outline of the parasites are shown in green with a 
red apical cap (image credit for Maria Francia and Boris Striepen, Univer-
sity of Georgia, adopted with permission from PLoS Biology Issue Image | 
Vol. 10(12) December 2012. PLoS Biol 10 (12): ev10.i12. doi:10.1371/image.pbio.
v10.i12).

Finally, mechanical vectors such as flies, cockroaches, 
dung beetles and earthworms must be considered as 
risk factors for toxoplasmosis transmission (36). Epide-
miologic evidence have identified the following risk fac-
tors for toxoplasmosis transmission: owing cats, being 
in close proximity to seropositive cats in farming areas, 
cleaning cat litter boxes, eating raw or undercooked 
meat, gardening, soil contact, eating raw or unwashed 
vegetables or fruits, washing the kitchen knife infre-
quently, poor hand hygiene and traveling to endemic re-
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gions, in particular less developed countries with humid 
environments (34, 36). These conditions frequently occur 
during military deployment and field operations. There-
fore, military forces could be considered as high risk for 
toxoplasma seropositivity. In a study on the Czech Repub-
lic Military Personnel, the overall seroprevalence was 23%, 
with the greatest rate in the age group of 30 to 34 years. In 
this study, the predictors of seroprevalence of toxoplas-
mosis included eating or tasting raw or undercooked 
meat, owing a cat, rabbit or dog and non-O blood groups 
(4). Also, contaminated water consumption is a potential 
source of transmission. Several outbreaks have been re-
ported as a result of contaminated water sources in Cana-
da, Brazil and India. The latter occurred after a rainfall in 
catchment areas infested with domestic and wild cats (6). 
A study on Colombian military jungle operating forces 
demonstrated 80% seroprevalence in comparison to 45% 
in soldiers in urban areas. The investigators suggested 
drinking un-boiled and chlorine untreated lake, stream 
or river water was a potential source of infection (5).

3.4. Life Cycle
T. gondii is an obligate intracellular coccidian protozoa. 

It causes a major zoonotic disease and cats are its defini-
tive hosts. The sexual stage of the parasite life cycle occurs 
in cat intestines, producing immature oocytes within 1-3 
days after contamination. Consequently oocyte release 
to the environment via feces and last 1-3 weeks. Oocyte 
maturation occurs in the environment during 1-5 days 
in proper conditions and sporozoites appear inside the 
cyst. The asexual stage occurs in the body of birds and all 
mammals as intermediate hosts, resulting in different 
forms of parasites including tachyzoites and bradyzoites 
(21-27, 29-31, 33). During the acute phase, the circulating 
tachyzoites in the blood invade different nuclear cells 
and establish in vacuoles to replicate rapidly in an en-
dodyogeny manner (38). In the chronic phase, bradyzo-
ites in tissue cysts are found in latent infections. T. gondii 
is an important protozoa that causes neuronal degenera-
tive diseases, since tissue cysts, mostly affect the brain 
(35) and gradually lead to nerve degeneration. It is be-
lieved that bradyzoites, sporozoites and tachyzoites are 
different in gene expression, invasion, replication and 
migration but all forms are similar in possessing char-
acteristic apical organelles; rhoptries, micronemes and 
dense granules that help them attach, penetrate the cell, 
and make parasitophorous vacuoles (11, 12). It seems that, 
the mode of the initial infection may strongly influence 
its duration and clinical manifestation (11).

The parasite tries to pass any biological membrane such 
the intestinal or placental epithelium and blood-brain-
barrier (BBB) in the form of free parasite (tachyzoite). 
The mechanism of passing through the BBB is poorly 
understood; however, a recent study suggested promo-
tion of infected leukocyte migration through BBB in 
toxoplasma encephalitis (12, 39). In circulation, the para-
site follows any nuclear cells such as macrophages and 

dendritic cells, and penetrates the cell membrane by dif-
ferent specific receptors on the cell surface (2, 25, 30, 31). 
Furthermore, the parasite then disseminates in the body 
as a “Trojan horse” (12) but it is unknown, whether it’s dis-
semination is in the form of free extracellular or intracel-
lular parasite. The parasite doesn’t remain in the blood 
and attempts to run away from the immune system and 
enter into deep tissues (preferentially brain) and form 
tissue cysts. At this stage, the acute phase of infection 
converts to the chronic phase and creates a balance be-
tween the host and parasite (7, 38). In this chronic phase 
the parasite is predominantly found in the bradyzoite 
form within the CNS. Chronic settlement of bradyzoite 
cysts and the immunological response may result in be-
havioral modifications (12).

3.5. Immune Response
In general, the immune response against toxoplasmo-

sis includes non-specific, specific and humoral immune 
responses. During non-specific immune responses, 
which continue for two weeks after infection, different 
cells such as macrophages, natural killer (NK) cells, anti-
gen-presenting cells (APC), γ-δ T lymphocytes (TL), plate-
lets, neutrophils, eosinophils, mast cells, fibroblasts and 
epithelial or endothelial cells are involved and lead to 
IL-12, IFN-γ and TNF-α secretion. Dendritic effector, CD8+ 
and CD4+ TL cells are involved in specific immune re-
sponses. CD4+ TL are divided into two sub-groups: Th1 
(type-1) and Th2 (type-2). Type- 1 cells secrete IL- 2 and

Figure 2. Toxoplasma gondii Multiplication as Tachyzoite Within a Host 
Cell and Enclosed Inside a Parasitophorous Vacuole

The progeny typically organizes as esthetic polarized rosettes before it 
exits from the vacuole and the host cell and disseminates throughout 
the host. To achieve this cycle, the tachyzoite has selected unique ways to 
reach and to invade host cells that by many aspects remain elusive (ad-
opted from: L’Institut Cochin est un Centre de Recherche).
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IFN-γ that along with IL-12 and CD8+ TL cells promote re-
sistance and control the infection. On the other hand, 
TNF-α, TNF-β, IFN-γ and IL-2 have anti-inflammatory ac-
tions that make it possible to control the development 
of immune pathological phenomena related to a type-1 
immune response (40). The Th2 cells produce IL-4, IL-5, 
IL-6 and IL-10. However, IFN-γ, IL-12, TNF-α, IL-6, IL-5, IL-15, 
IL-18 and IL-2 are the protective cytokines. IL-4, IL-10 and 
TGF-β (transforming growth factor-β) are regulatory cy-
tokines. Furthermore, IgM and four sub-classes of IgG 
and IgA are the antibodies that appear in humoral re-
sponse against toxoplasmosis and are useful in serologi-
cal diagnosis. It has also been shown that appropriate 
humoral immune response promote the formation of 
intra-cerebral cysts (40). Infection leads to the secretion 
of a variety of cytokines by T-cells, blood derived macro-
phages, microglia, astrocytes and neurons, which affect 
inflammatory responses. Rupture of a tissue cyst is as-
sociated with a rapid influx of inflammatory cells and it 
is thought that the periodic rupture of these cysts lead 
to maintain immunity against T. gondii (40). The change 
from acute to chronic phases was associated with a 
change from a lymphocyte/monocyte population to one 
with a predominance of plasma cells. It is possible that 
strains elicit varying immunological responses, result-
ing in dissimilar alterations in neurotransmission as 
the three clonal lineages of T. gondii differ in their modu-
lation of cytokine secretion. Mice deficient in T1/ST2 are 
more susceptible against the infection and increase the 
pathology and number of parasites in the brain. A num-
ber of hematopoietic cells such as T-cell, mast cells, mac-
rophages, NK and invariant NK cells express the T1/ST2. 
Furthermore, ST2 also affects the down-regulation of the 
inflammatory response. IFN-γ has the most important 
role among cytokines secreted in response to T. gondii. 
IFN-γ dependent, cell-mediated immune responses and, 
to a lesser degree, by humoral immunity it suppresses 
the proliferation of tachyzoites during the acute phase 
of infection. This leads to latent toxoplasmosis and tis-
sue cysts, primarily in the brain. In immunodeficient 
patients such as AIDS may reactive the infection by 
bradyzoites could be released following rupture of a 
cyst and invertes into tachyzoites. The lack of effective 
immune response and proliferation of tachyzoites lead 
to severe brain damage (8, 10, 14, 40, 41) and progression 
of toxoplasmic encephalitis. Animal models have dem-
onstrated the interaction between the parasite and host 
immune response. T-cells are the main source of IFN-γ, 
which disseminate into the brain during the infection 
and play an important role in elimination of the reacti-
vation of infection. T-cells with receptor Vβ8 are the ma-
jor producer of IFN-γ in the brain of infected mice that 
are genetically resistant against toxoplasmic encephali-
tis. In addition, adoptive transfer of Vβ8 + T-cells alone, 
into infected nude mice (without T-cells) prevents the 
progression of toxoplasmic encephalitis. Thus, in mu-
rine models, these T-cells recognize the parasite anti-

gens and are essential for the induction of protective T-
cell response to prevent reactivation of infection. Apart 
from T-cells, other cells such as microglia and blood-
derived macrophages produce IFN-γ in the brain of in-
fected mice. The IL-33 receptor-signaling pathway plays 
a crucial role in the brain to control toxoplasmosis (42). 
It is essential to understand, how T. gondii effect brain 
cells; Blader et al. showed that within two hours after 
infection of fibroblasts with type ΙΙ strain of tachyzoite, 
expression of genes associated with chemokines (GRO1, 
GRO2, LIF, and MCP1) increased and led to the upregu-
lation of cytokines (IL-1β and IL-6), then activation of 
transcription factors (REL-B, NF-κBp105, and I-κBα) and fi-
nally, promotion of immune response against the infec-
tion. Twenty-four hours later, tachyzoites increased up 
to 2-4 times. Next, it seemed that protein phosphatase 
2C from rhoptries of tachyzoites played an important 
role to influence apoptosis and metabolic and antimi-
crobial mechanisms. The role of IL-8 in neutrophil acti-
vation may contribute to the early response to toxoplas-
mosis. Furthermore IL-6, has a protective role against 
toxoplasmosis and it has been observed that mice with 
deficiency of IL-6 are more susceptible to toxoplasmosis 
(40). It has been reported that astrocytes and microglial 
cells infected with T. gondii release IL-1α, IL-6 and granu-
locyte/macrophage colony-stimulating factor (GM-CSF). 
In addition, IL-6 may contribute to the exacerbation of 
autoimmune disorders in the CNS. Moreover, there is 
a significant association between IL- 6 and neurotrans-
mitter production; other studies have reported that IL-6 
may stimulate neurons to secrete dopamine and proba-
bly other catecholamines (40). Meanwhile, there are sev-
eral mechanisms of parasite evasion, including parasi-
tophorous vacuoles, apoptosis, renewal of antigens, and 
molecular mimesis, which share some epitopes with the 
host, such as cerebral epitopes. As a result the parasite 
remains undetectable in the brain and produces neuro-
logical complications such as schizophrenia (43).

3.6. Interaction Between the Host and Parasite
A complex interaction between the parasite and host is 

involved in toxoplasmosis, and produces some degree of 
harmony. To achieve latent, subclinical infection, a para-
site-host homeostasis should be achieved. Different fac-
tors associated with both the parasite and the host such 
as the genetic background of the parasites and hosts and 
also the immune status of the hosts contribute to this 
balance (12, 44). On one hand, the immune cascade is 
necessary for this coexistence including many immune 
components and cells such as interleukins, cytokines, 
macrophage and other factors (21). On the other hand, 
the parasite should modify its way to survive and trans-
mit, and avoid direct or indirect tissue damage by the im-
mune response. Based on the immune response and the 
mechanisms of parasite evasion, the survival of the host 
cell and parasite are guaranteed (33, 45).
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3.7. Anatomopathological Changes
Neurodegenerative disease patterns including signifi-

cantly enlarged ventricles on MRI particularly near the 
aqueduct of sylvius (29) are frequently observed during 
para-clinical investigations. Dilatation of the ventricles 
of the brain of chronically infected mice revealed (22, 32), 
meningioma (46) while mild to moderate congestion 
(23) was also seen. Congenital toxoplasmosis can result 
in meningoencephalitis (47). Macroscopically normal 
volumes with patchy necrosis of the brain parenchyma 
have been noted in infected mice (20, 26, 42). Also, some 
reports demonstrated diffuse edema and congestion. 
However, in some studies no significant edema or necro-
sis was reported in parallel to the observed hemorrhage 
(19, 48). Diffuse meningoencephalitis, in the white and 
gray matter has also been seen (19).

3.8. Different regions of the Distribution of Cysts
Upon entry to CNS, tachyzoite parasites appear to in-

fect astrocytes, neurons and microglial cells (12). Selec-
tive tropism of the parasite towards a particular func-
tional system was not seen. Importantly the cysts were 
not preferentially related to the dopaminergic system 
and absent from the hypothalamic defensive system. A 
consistently low incidence of tissue cysts was recorded 
in the accessory olfactory bulb, cerebellum, pontine nu-
clei, caudate putamen and virtually the compact masses 
of myelinated axons. Among the five fundamental brain 
parts, the telencephalon showed the highest cyst den-
sity (20, 32). In contrary, the metencephalon was much 
less infected than expected from its volume. In the tel-
encephalon a consistently high cyst density was seen in 
the external plexiform layer of the olfactory bulb, ventral 
pallidum and the entorhinal somatosensory motor and 
orbital cortices. Moreover, a high cyst density was seen 
in the frontal association and visual cortices, the tenia 
tecta and importantly the hippocampus and amygdala. 
Among non-telencephalic brain regions, the tegmentum, 
gigantocellular and medullary reticular nuclei showed 
a high cyst density in four out of five examined brains. 
Compact masses of myelinated axons for example the 
corpus callosum, anterior and posterior commissure, 
capsula interna, cerebellar peduncles, fimbria of the hip-
pocampus and the hippocampal commissures featured 
a low incidence of cysts. On average the cyst density was 
12 times higher in the gray matter than that of the white 
matter (20, 29). It is important to note that in the isocor-
tex and the cerebellar cortex, cysts were most abundant 
within the molecular and/or external granular layers and 
within the molecular layer, respectively. The cysts were 
absent in the anterior hypothalamic nucleus, the dorso-
medial part of the ventromedial nucleus and the dorsal 
pre-mammillary nuclei. The cysts were absent in the bed 
nucleus of the stria terminalis, infra-limbic cortex and 
lateral preoptic area. A high cyst density was seen in the 
anterior amygdaloid area, medial and cortical amygda-

loid nuclei, while moderate cyst density was observed in 
the lateral, basolateral and basomedial amygdaloid nu-
clei and in the amygdalo hippocampal area. No tropism 
towards a particular hippocampal compartment was 
seen (20). Some studies did not report an increase in cyst 
density in the amygdalar structures (31). Cysts containing 
large numbers of bradyzoits were observed in all parts of 
the brain (23). Intriguingly, cysts showed a light prefer-
ence for limbic system regions (9). The cysts seemed to 
be slightly more numerous in the hippocampus during 
acute parasite invasion and were commonly present in 
larger numbers in the amygdala during latent toxoplas-
mosis (49). Based on microscopic studies, cysts were 
present throughout the brain, but concentrated in the 
cerebral cortex, hippocampus, basal ganglia and amyg-
dala (12). It has been reported that the density of cysts in 
the medial and basolateral amygdala is almost double 
that of other structures such as the hippocampus, olfac-
tory bulbs and prefrontal cortex (12). The largest parasitic 
cysts and clusters were located at the core and shell of the 
nucleus accumbens and the ventromedial hypothalamic 
nucleus. Isolated toxoplasma cell and small clusters were 
also found in the frontal and cingulate cortex, medial 
preoptic area, amygdala, ventral tegmental area, central 
grey nuclei, raphe nuclei, and inside the ventricles and 
the aqueduct. The T. gondii was predominantly located 
in the medial portions of the brain i.e. in the prefrontal 
cortex, accumbens nuclei, hypothalamus and ventral 
tegmental area. Although the pattern of distribution was 
similar at different doses, the predominant location of 
parasites was in the limbic (predominant inversion) and 
medial areas such as the medical prefrontal cortex, cin-
gulate hypothalamus and basal ganglia, in particular the 
nucleus accumbens. Parasite abundance was found in 
the amygdale (38).

3.9. Central Nervous System Cysts Characteristics
The size of the cysts ranged between 10 and 70 microm-

eters. They were found solitary or in groups of 2-10 in 
hematoxylin-eosin (H&E) prepared sections; on average 
about 80% of the cysts were solitary, 13% in pairs and 4% in 
triads. Large groups were rare. Average cyst size was 46.02 
± 5.08 micrometers (23) while 100 or more individual 
parasites were surrounded by a cyst wall produced dur-
ing differentiation (12). Parasites were found scattered, 
isolated as clusters of varying sizes or as parasite cysts in 
the brain parenchyma in all infected animals as revealed 
by H&E staining (38).

3.10. The Probable Factors of Distribution
Various forms of toxoplasma infection distribution have 

been reported. These discrepancies may hypothetically 
be related to differences in host species and/or strain. The 
low level of infection in the cerebellum might be caused 
by cerebellar cytoarchitecture. The cerebellum features 
an extremely high cellular density, very small neuron 
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and a few gelia to neurons ratio. Given that astrocytes 
are much more efficiently infected by T. gondii than neu-
rons and that cerebellar granular neurons are still less 
efficiently infected in vitro than hippocampal neurons, 
it is tempting to assume that a high proportion of small 
tightly packed granular neurons constitute a limiting 
factor for T. gondii proliferation and subsequent cyst pro-
duction. Finally, the white matter has a few cysts. This ob-
servation is in line with the fact that T. gondii encephalitis 
is in contrast to encephalitis of other etiology. Compact 
myelinated bodies may act as natural barriers for the par-
asite and cyto-architectural features such as the neuron 
size and glia to neuron ratio may influence the local para-
site load. It has been suggested that a higher number of 
parasites may reach brain regions that are characterized 
by higher blood flow during the acute phase of infection. 
To support this “high blood flow-high parasite density 
hypothesis” (20, 38), a high number of parasite in olfac-
tory bulb and primary visual, somatosensory and motor 
cortices that feature a high level of oxidative metabolism, 
and a rather low number of parasite in the piriform cor-
tex and some association cortices that feature a moder-
ate level of oxidative metabolism have been observed. 
The local blood flow generally relates to metabolic activ-
ity. However, accumulation of the parasite was reported 
in neither the retrosplenial and auditory cortices nor 
the subcortical regions though their main feature was a 
high metabolic activity. Thus, this hypothesis is not rea-
sonable. Consequently, other factors e.g. local properties 
of the blood-brain barrier seem to be at work. All of the 
above factors can contribute interactively to increase in-
festation of certain cortical and subcortical regions (20).

3.11. Different Kinds of Brain Cells Involved in Infec-
tion of Toxoplasmosis

Cysts are formed in the neurons and glia (14, 29, 31, 41). 
In the neuron the cysts were present in all parts (den-
drite, axon, soma) of the neuron (15). Tachyzoites invade 
microglia (12), and astrocytes and neuron bradyzoites 
develop within purkinje cells in the human cerebellum 
neurons and astrocytes (21, 42). There is evidence that 
astrocytes and microglial cells are infected by T. gondii. 
Astrocytes play a pivotal role in the production of kyn-
urenic acid (KYNA) in the CNS, because astrocytes are the 
main source of KYNA. Likewise, astrocytes are one of the 
most important cells that are invaded by T. gondii. They 
degrade tryptophan by IDO (indoleamine 2, 3-dioxygen-
ase) to inhibit T. gondii replication (22) and microglial and 
inflammatory nodules rapidly appear (10, 32). Accumula-
tion of microglia was observed around the cysts. IFN-
gamma as well as several other pro and anti-inflammato-
ry cytokines and chemokines are generated by microglial 
cells after infection. Neurons are the dominant chroni-
cally infected cell types. Microglial cells may act as a "tro-
jan horse" in the dissemination of recrudescent parasite 
infections. Immume-related pathology is also believed to 

be locally controlled by IT MP-1, as an inhibitor of matrix 
metalloproteinase (MMPS) produced by astrocytes and 
other microglical cells (12). In some cases, the T. gondii has 
been found inside the cell nuclei (38).

3.12. Rare Changes of Brain
It is very rare to encounter a brainstem granuloma due 

to T. gondii infection in such patients. Foci of spotty cal-
cification were seen in addition to a few ruptured but 
calcified T. gondii cysts brain stem involvement with mul-
tiple cerebral lesions (27). Hydrocephalus is usually due 
to compression of CSF outflow pathway by ring enhanc-
ing lesions and can rarely be seen due to ventriculitis 
(50). Cerebellar toxoplasmosis in as HIV-infected with a 
poorly defined hypodense area located in both cerebellar 
hemispheres and vermis with apparent extension into 
the right middle cerebellar peduncle in an HIV-infected 
patient (8).

3.13. Chemical Changes in the Brain
Infection also induces the production of a variety of cy-

tokines by microglia, astrocytes and neurons which acti-
vate or inhibit inflammatory responses (7). Deregulation 
of dopamine, production of pro-inflammatory cytokines, 
interferon-γ and indoleamine 2,3 dioxygenase change the 
levels, turnover and efficiency of many neuromodulators 
including dopamine, glutamate and serotonin. Further-
more, T. gondii may directly influence neurotransmitter 
levels (9, 12, 14, 20, 41). This is due to the inflammatory 
release of dopamine (DA) by increasing cytokines such 
as interleukin 2 (12). T. gondii directly increases local do-
pamine metabolism. More specifically T. gondii contains 
genes encoding a tyrosine hydroxylase, a rate-limiting 
enzyme of dopamine biosynthesis and the encysted 
parasite expresses dopamine in vivo and increases k+ in-
duced release of dopamine from dopaminergic cells in 
vitro (20). This raises the possibility that T. gondii alters 
dopamine level by synthesizing its own tyrosine hydroxy-
lase (9). Anxiolytic-like compounds change in dopamine 
transmission and decreases glutamate / GA13A ratio in 
the limbic area after astrocytes damage by up-regulation 
of inhibitory molecules (38). A study observed an in-
creased level of DA but not serotonin or norepinephrine 
in the brain of mice with chronic latent infection at five 
weeks post-infection. In contrast, DA level was not found 
to be affected in a study on congenitally infected mice. 
Furthermore, DA signaling may be changed in the vicin-
ity of T. gondii cysts. It is possible that T. gondii triggers 
the release of immune factors leading to downstream 
changes in glutamate N-methyl-D-aspartate (NMDA) 
and/or those effects on dopamine (29). There were some 
changes in brain concentrations of catecholamines and 
indoleamines in T. gondii infected mice. Mice with acute 
infections showed a 40% rise in homovanilic levels as 
compared with the controls. Dopamine levels however 
did not change. Norepinephrine levels in this group were 
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20% lower than that of the controls. The DA levels were 
14% higher in mice with chronic infections than controls. 
Serotonin and SHIAA levels were not altered in infected 
mice (47). Concentrations of serotonin and S-HIAA did 
not change in the brain of animals during the infection 
(47). The 40% increase in Homovanillic acid (HVA) level in 
acutely infected mice might have led to the retardation 
in transport of HVA out of the brain. Norepinephrine lev-
els were 28% lower in acutely (but not chronic) infected 
mice and DA was 14% higher in the chronic group com-
pared to the controls. The significant decrease in norepi-
nephrine (NE) in acutely infected animals suggests that 
activity of the enzyme, dopamine-beta-hydroxylase, may 
be reduced in noradrenergic neurons of infected ani-
mals. This enzyme is located in noradrenergic neurons 
but not in dopaminergic neurons, therefore the rate of 
conversion of DA to HVA in the latter may not directly 
affect NE formation in noradrenergic neurons. The pri-
mary rate-limiting step in NE as well as DA formation is 
at the level of the enzyme tyrosine hydroxylase; this en-
zyme catalyzes the first step in conversion of tyrosine to 
catecholamine. It is possible that the activity of this en-
zyme is reduced in noradrenergic neurons yet is usually 
active in the dopaminergic neurons of acutely infected 
animals. Dopaminergic neuron terminals are primarily 
located in the basal ganglia while those of noradrener-
gic neurons are primarily located in the brain stem (mid 
brain, pons and medula). The balance between synthesis 
and break down of catecholamine is upset (47) the alter-
nation of nitric oxide levels in the brain resulting in the 
modulation of signaling pathways (31). Tryptophan is an 
essential amino acid for T. gondii replication and degra-
dation of intracellular tryptophan by IDO, which is medi-
ated by IFN-γ, inhibits intracellular replication of T. gandii 
(22). This organism affects levels of dopamine, norepi-
nephrine and other neurotransmitters (25). Toxoplasmo-
sis has shown to induce the expression of anti-apoptotic 
proteins: 13 cl2, Bf 11, BCL-x1, BCL-W, Mcl-1, Bad and Bas in 
host cells. The miRNAs are manipulated by T. gondii. The 
AKT pathway has been shown to be activated by this para-
site. An interesting possibility is that mir-17-92 mediated 
decrease in levels of PTEN during T. gondii infection in 
brain cells could be activating AKT pathways, which may 
result in the development of brain cancers. Other miR-
NAS along with miR-17-92 can be affected by T. gondii (50). 
Levels of ST2 were shown to be upregulated in the brains 
of mice during T. gondii infection compared with unin-
fected controls. The increase of pro-inflammatory media-
tors is a direct consequence of a greater parasite burden. 
Increased IFNγ with a tissue specific astrocyte deletion of 
gp 130 is correlated with increased numbers of parasite 
in the brain (42). High testosterone individuals may be 
more susceptible to toxoplasmosis. In a small study, se-
ronegative men were found to have lower concentration 
of testosterone than infected men (12). T. gondii increases 
dopaminergic activity or tryptophan metabolite levels. 
There is a 7-fold increase of KYNA in chronic T. gondii in-

fected mice. Kynurenine hydroxylase is also stimulated 
by IFN-γ and in latent toxoplasmosis would accelerate the 
reduction of gray matter.

3.14. Histological Changes
Studies on mice demonstrated that necrotic lesions ap-

pear as lucent, vacuolated areas of variable size with pyk-
notic nuclei in H&E stained sections. Immunocytochem-
istry studies of the lesions showed a weak diffuse reaction 
with a few strongly stained toxoplasmas, predominantly 
towards the periphery of the lesions. Ultra-structurally, it 
was observed that the lesion consists of cell debris from 
general lysis of both neural and glial cells (32). In certain 
cases, numerous clumps of small crystals consistent with 
early calcification were observed among the cell debris. 
Only rare intact microglial or inflammatory cells were 
observed within the lesion. The few organisms present 
had the ultrastructural features of endozites. This type 
of lesion was also observed in great numbers (32). In ad-
dition small areas of dystrophic calcification were ob-
served in only a few of the chronically infected mice (4 
out of 32). One mouse was found to have a large zone of 
calcification. The incidence of dystrophic calcification 
was not affected by the period post-infection. There was 
no identifiable lesion on reaction to the areas of calcifica-
tion. This rare dystrophic calcification observed in chron-
ic infection develops from these lesions formed during 
the acute phase. During the chronic phase, the microg-
lial/inflammatory nodules show some variations in struc-
ture and activity. The vast majority of cells consisted of 
macrophages filled with cell debris with no identifiable 
T. gondii antigens or parasites, admixed with a few lym-
phocytes and plasma cells. The presence of plasma cells 
was not observed in lesions during the acute phase. A 
few active lesions did contain antigens and/or parasites 
and these appeared to be related to a recent cyst rupture. 
These observations were consistent with the proposal by 
Frenkel and Escajadillo, suggesting that the nodules in 
chronic infections represent "tomb stones" to ruptured 
cysts. With an efficient immune response, neurological 
damage is limited to relatively small lesions, which are 
unlikely to result in any clinical symptoms. This would 
explain the benign nature of acquired toxoplasmosis in-
fections. However, these lesions could have a cumulative 
effect leading to clinical symptoms. This could be consist-
ed with the reported clinical symptoms in Panamanian 
night monkey and congenitally infected mice (32). It has 
been reported that there are progressive pathological 
changes during the first six weeks of infection. It was not 
possible to evaluate quantitative differences in the pres-
ent experiments because of the different inoculums used 
to study the acute and chronic phase. The chronic phase 
(1-22 months) showed no difference with time; there 
was a continued presence of nodules and inflammatory 
changes that were reported for up to eight months (32). 
Furthermore, IL-13 (but not IL-4) minimized brain inflam-
mation by inducing the death of activated microglia in 
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the brain (42). Some studies reported multi micro-granu-
lomatous encephalitis (13) and some studies represented 
"tomb stones", which are calcifications during chronic 
infection (32).

3.15. Clinical Consequences of Chronic Central Ner-
vous System Toxoplasma Infection

T. gondii infected people are at a two-fold increased risk of 
brain cancers (46). The mechanism of this increased risk 
is not clear but inflammation may play a role. Meanwhile 
it has been shown that inflammatory responses may also 
promote schizophrenia and psychotic disorders. In term 
of IL-8, which plays a role in activation of neutrophils, its 
level increases during early toxoplasmosis, accompanied 
by IL-2 and IL-6 during schizophrenia. It has been report-
ed that IL-2 and IFN-γ levels decrease during treatment 
with anti-psychotic drugs in schizophrenia patients (40). 
The dopamine imbalance between mesolimbic and me-
socortical regions of the brain is suspected to contribute 
to the development of schizophrenia, delusion, auditory 
hallucination, obsessive-compulsive disorders, person-
ality changes and risky behaviors (12). It may also result 
in impaired reaction time (51). Several epidemiological 
studies revealed an association between seropositivity 
for toxoplasmosis and vehicular accidents. In a retrospec-
tive study in Turkey, 33% of positive results was observed 
in accident victims compared to 8.6% positive rate in 
non-accident controls (12). Similarly, an increased odd of 
toxoplasma infection was reported in accident groups 
compared to non-accident controls by retrospective stud-
ies from Czech Republic. More recently, an increased inci-
dence of traffic accidents in toxoplasma-infected military 
drivers has been reported by a large-scale prospective co-
hort study involving 3890 military drivers. In this study a 
high titer of toxoplasma antibodies in RhD negative indi-
viduals was accompanied with a six times higher rate of 
traffic accidents (51). From a different perspective, a link 
between toxoplasmosis and suicide has been reported 
(52). A study found that countries with high toxoplasma 
infection rates also had high suicide rates; however there 
are many potential confounders for this finding. A study 
on 45,000 women in Denmark showed that women with 
toxoplasma infection were 54% more likely to attempt 
suicide and were twice as likely to succeed (53). This may 
be primarily related to toxoplasmosis and neurosis and 
the impact of the immunologic response to toxoplasmo-
sis on serotonine and dopamine levels (52). Thus, the in-
creased rate of suicide among military deployed soldiers 
to endemic areas for toxoplasmosis such as the Middle 
East could be partially explained.

4. Conclusions
In summary, this review demonstrated that the tel-

encephalon contains a higher cyst density (20, 32). On 
average the cyst density was 12 times higher in the gray 
matter than that of the white matter (20, 29). Parasite 

abundance was found in the amygdale and hippocam-
pus (38). Some probable factors of cyst distribution in the 
brain are; 1- cytoarchitecture (cellular density), the ratio 
between neurons and glia; 2- compact myelinated bodies; 
3- blood flow (20, 38); 4- oxidative metabolism (20). Glia 
cells are infected more than neurons and microglial cells 
may function as a "trojan horse" in the dissemination of 
recrudescent parasite infections (12). Some other changes 
like brain stem granuloma could also been detected (27). 
In terms of immunochemical response, the production 
of proinflammatory cytokines, IFN-γ and indoleamine 2-3 
dioxygenase change the levels, turnover and efficiency of 
many neuromodulators including dopamine, glutamate 
and serotonin (9, 12, 14, 20, 41). T. gondii contains genes 
encoding tyrosine hydroxylase, a rate limiting enzyme of 
dopamine biosynthesis and expresses dopamine in vivo 
and increases K+ induced release of dopamine from do-
paminergic cells in vivo (20). T. gondii increases dopami-
nergic activity or tryptophan metabolite levels (22). High 
testosterone individuals may be susceptible to toxoplas-
mosis (12). From a clinical perspective, acute toxoplasma 
infection is usually symptomless but may also present 
non-specific manifestations in particular in epidemics of 
military groups. Chronic infection may be accompanied 
by brain involvement and express neuropsychological 
presentations as well as an increased risk of neoplas-
tic disorders. In conclusion, toxoplasmosis is frequent 
among military forces and CNS infection is likely in this 
population. Clinicians must be aware and investigate 
toxoplasma in suspicious neuropsychological manifesta-
tions even in immunocompetent and apparently healthy 
hosts, particularly for military deployed personnel to en-
demic areas.

Acknowledgements
The authors thank the IT Services of AJA University of 

Medical Sciences for their contribution in writing this 
manuscript.

References
1.       Alvarado-Esquivel C, Mercado-Suarez MF, Rodriguez-Briones A, Fal-

lad-Torres L, Ayala-Ayala JO, Nevarez-Piedra LJ, et al. Seroepidemiol-
ogy of infection with Toxoplasma gondii in healthy blood donors 
of Durango, Mexico. BMC Infect Dis. 2007;7:75.

2.       Horacek J, Flegr J, Tintera J, Verebova K, Spaniel F, Novak T, et al. La-
tent toxoplasmosis reduces gray matter density in schizophrenia 
but not in controls: voxel-based-morphometry (VBM) study. World 
J Biol Psychiatry. 2012;13(7):501–9.

3.       Shaddel M, Mehbod ASA, Karamy M. Toxoplasma gondii Infection 
in neonates. Iran J Parasitol. 2007;2(3):34–7.

4.       Kolbekova P, Kourbatova E, Novotna M, Kodym P, Flegr J. New 
and old risk-factors for Toxoplasma gondii infection: prospective 
cross-sectional study among military personnel in the Czech Re-
public. Clin Microbiol Infect. 2007;13(10):1012–7.

5.       Gomez-Marin JE, de-la-Torre A, Barrios P, Cardona N, Alvarez C, Her-
rera C. Toxoplasmosis in military personnel involved in jungle op-
erations. Acta Trop. 2012;122(1):46–51.

6.       Pino LE, Salinas JE, Lopez MC. Description of epidemic outbreak 
of acute toxoplasmosis in immunocompetent patients from 
Colombian Armed Forces during jungle operation. Infectio. 
2009;13(2):83–91.



Mozaffarian F et al.

9J Arch Mil Med. 2014;2(3):e18560

7.       Barragan A, Sibley LD. Transepithelial migration of Toxoplasma 
gondii is linked to parasite motility and virulence. J Exp Med. 
2002;195(12):1625–33.

8.       Pott H, Jr, Castelo A. Isolated cerebellar toxoplasmosis as a compli-
cation of HIV infection. Int J STD AIDS. 2013;24(1):70–2.

9.       House PK, Vyas A, Sapolsky R. Predator cat odors activate sexual 
arousal pathways in brains of Toxoplasma gondii infected rats. 
PLoS One. 2011;6(8).

10.       Suzuki Y, Wang X, Jortner BS, Payne L, Ni Y, Michie SA, et al. Removal 
of Toxoplasma gondii cysts from the brain by perforin-mediated 
activity of CD8+ T cells. Am J Pathol. 2010;176(4):1607–13.

11.       Sukthana Y, Waree P, Pongponratn E, Chaisri U, Riganti M. Patho-
logic study of acute toxoplasmosis in experimental animals. 
Southeast Asian J Trop Med Public Health. 2003;34(1):16–21.

12.       Kamerkar S, Davis PH. Toxoplasma on the brain: understanding 
host-pathogen interactions in chronic CNS infection. J Parasitol 
Res. 2012;2012:589295.

13.       Nagel SS, Williams JH, Schoeman JP. Fatal disseminated toxoplas-
mosis in an immunocompetent cat. J S Afr Vet Assoc. 2013;84(1):E1–6.

14.       Zhu S, Du Y, Li Q, Dong Z. High risk of psychosis may be associated 
with toxoplasmosis. Life Sci J. 2007;4(4):38–41.

15.       Gharadaghi Y, Shojaee S, Khaki A, Hatef A, Ahmadi Ashtiani HR, Ra-
stegar H, et al. Modulating effect of Allium cepa on kidney apopto-
sis caused by Toxoplasma gondii. Adv Pharm Bull. 2012;2(1):1–6.

16.       Saleh M, Asmar M. [Comparison Chronic congenital toxoplasmo-
sis infection with repeated contaminant in animal model (rat)]. 
Shahid Sadoghi Yazd Univ Med Sci Healthy Serv J. 2009;13(1).

17.       Chew WK, Wah MJ, Ambu S, Segarra I. Toxoplasma gondii: determi-
nation of the onset of chronic infection in mice and the in vitro 
reactivation of brain cysts. Exp Parasitol. 2012;130(1):22–5.

18.       Mentzer A, Perry M, Fitzgerald N, Barrington S, Siddiqui A, Kulaseg-
aram R. Is it all cerebral toxoplasmosis? Lancet. 2012;379(9812):286.

19.       Silva MG, Lino Jr Rde S, da Costa TL, Soares JD, do Amaral WN, Aveli-
no MM, et al. Anatomopathological study in BALB/c mice brains 
experimentally infected with Toxoplasma gondii. Braz J Infect Dis. 
2008;12(1):52–6.

20.       Berenreiterova M, Flegr J, Kubena AA, Nemec P. The distribution of 
Toxoplasma gondii cysts in the brain of a mouse with latent toxo-
plasmosis: implications for the behavioral manipulation hypoth-
esis. PLoS One. 2011;6(12).

21.       Carruthers VB, Suzuki Y. Effects of Toxoplasma gondii infection on 
the brain. Schizophr Bull. 2007;33(3):745–51.

22.       Dalimi A, Abdoli A. Latent toxoplasmosis and human. Iran J Para-
sitol. 2012;7(1):1–17.

23.       Waree P, Ferguson DJ, Pongponratn E, Chaisri U, Sukthana Y. Im-
munohistochemical study of acute and chronic toxoplasmosis 
in experimentally infected mice. Southeast Asian J Trop Med Public 
Health. 2007;38(2):223–31.

24.       Jung BK, Pyo KH, Shin KY, Hwang YS, Lim H, Lee SJ, et al. Toxoplas-
ma gondii infection in the brain inhibits neuronal degeneration 
and learning and memory impairments in a murine model of Al-
zheimer's disease. PLoS One. 2012;7(3).

25.       Chew WK, Segarra I, Ambu S, Mak JW. Significant reduction of 
brain cysts caused by Toxoplasma gondii after treatment with 
spiramycin coadministered with metronidazole in a mouse 
model of chronic toxoplasmosis. Antimicrob Agents Chemother. 
2012;56(4):1762–8.

26.       Dubey JP, Jones JL. Toxoplasma gondii infection in humans and 
animals in the United States. Int J Parasitol. 2008;38(11):1257–78.

27.       Gupta A, Raja A, Mahadevan A, Shankar SK. Toxoplasma granuloma 
of brainstem: a rare case. Neurol India. 2008;56(2):189–91.

28.       Selseleh M, Modarressi M, Shojaee S, Mohebali M, Eshraghian M, 
Selseleh M, et al. Brain Tissue Cysts in Infected Mice with RH-Strain 
of Toxoplasma gondii and Evaluation of BAG1 and SAG1 Genes Ex-
pression. Iran J Parasitol. 2013;8(1):40–6.

29.       Hurley RA, Taber KH. Latent Toxoplasmosis gondii: emerging evi-
dence for influences on neuropsychiatric disorders. J Neuropsychi-
atry Clin Neurosci. 2012;24(4):376–83.

30.       Kannan G, Moldovan K, Xiao JC, Yolken RH, Jones-Brando L, Plet-
nikov MV. Toxoplasma gondii strain-dependent effects on mouse 

behaviour. Folia Parasitol (Praha). 2010;57(2):151–5.
31.       Gulinello M, Acquarone M, Kim JH, Spray DC, Barbosa HS, Sellers 

R, et al. Acquired infection with Toxoplasma gondii in adult mice 
results in sensorimotor deficits but normal cognitive behavior de-
spite widespread brain pathology. Microbes Infect. 2010;12(7):528–
37.

32.       Ferguson DJ, Graham DI, Hutchison WM. Pathological changes 
in the brains of mice infected with Toxoplasma gondii: a histo-
logical, immunocytochemical and ultrastructural study. Int J Exp 
Pathol. 1991;72(4):463–74.

33.       Berdoy M, Webster JP, Macdonald DW. Fatal attraction in rats in-
fected with Toxoplasma gondii. Proc Biol Sci. 2000;267(1452):1591–4.

34.       Jones JL, Kruszon-Moran D, Wilson M, McQuillan G, Navin T, McAu-
ley JB. Toxoplasma gondii infection in the United States: seroprev-
alence and risk factors. Am J Epidemiol. 2001;154(4):357–65.

35.       Shaddel M, Mirzaii Dizgah I, Hoshangi M. Anti Toxoplasma gondii 
antibody levels in blood supply of Shiraz Blood Transfusion Insti-
tute, Iran. Iran J Parasitol. 2014;9(1):120–4.

36.       Dufour AP. Animal waste, water quality and human health.UK: IWA 
Publishing; 2012.

37.       Dubey JP. A review of toxoplasmosis in wild birds. Vet Parasitol. 
2002;106(2):121–53.

38.       Gonzalez LE, Rojnik B, Urrea F, Urdaneta H, Petrosino P, Colasante 
C, et al. Toxoplasma gondii infection lower anxiety as measured 
in the plus-maze and social interaction tests in rats A behavioral 
analysis. Behav Brain Res. 2007;177(1):70–9.

39.       Siegel SE, Lunde MN, Gelderman AH, Halterman RH, Brown JA, 
Levine AS, et al. Transmission of toxoplasmosis by leukocyte trans-
fusion. Blood. 1971;37(4):388–94.

40.       Filisetti D, Candolfi E. Immune response to Toxoplasma gondii. 
Ann Ist Super Sanita. 2004;40(1):71–80.

41.       Torrey EF, Yolken RH. Toxoplasma gondii and schizophrenia. 
Emerg Infect Dis. 2003;9(11):1375–80.

42.       Jones LA, Roberts F, Nickdel MB, Brombacher F, McKenzie AN, 
Henriquez FL, et al. IL-33 receptor (T1/ST2) signalling is necessary 
to prevent the development of encephalitis in mice infected with 
Toxoplasma gondii. Eur J Immunol. 2010;40(2):426–36.

43.        The influence of Toxoplasma gondii on rat behavior. In: Shaddel 
M,, Mozaffarian F. , Dastgheib M, Sharif F, Abouhamzeh B editors. . 
6th ASEAN Congress of Tropical Medicine Parasitology. 2014  Malaysia..

44.       Bahrami AM, Jafarian M, Rahmi H, Mohammadi M, Cheragh Af-
rooz S, Havasi Z, et al. [Seroepidemiological Study of Toxoplasmo-
sis in Sheep, Ilam, Iran]. J Vet Clin Res. 2013;4(4):263–86.

45.       Dubey JP, Shen SK, Kwok OC, Frenkel JK. Infection and immunity 
with the RH strain of Toxoplasma gondii in rats and mice. J Parasi-
tol. 1999;85(4):657–62.

46.       Thirugnanam S, Rout N, Gnanasekar M. Possible role of Toxoplas-
ma gondii in brain cancer through modulation of host microR-
NAs. Infect Agent Cancer. 2013;8(1):8.

47.       Stibbs HH. Changes in brain concentrations of catecholamines 
and indoleamines in Toxoplasma gondii infected mice. Ann Trop 
Med Parasitol. 1985;79(2):153–7.

48.       Abedalthagafi M, Rushing EJ, Garvin D, Cheson B, Ozdemirli M. As-
ymptomatic diffuse "encephalitic" cerebral toxoplasmosis in a pa-
tient with chronic lymphocytic leukemia: case report and review 
of the literature. Int J Clin Exp Pathol. 2009;3(1):106–9.

49.       Gatkowska J, Wieczorek M, Dziadek B, Dzitko K, Dlugonska H. Be-
havioral changes in mice caused by Toxoplasma gondii invasion 
of brain. Parasitol Res. 2012;111(1):53–8.

50.       Basavaprabhu A, Soundarya M, Deepak M, Satish R. CNS toxoplas-
mosis presenting with obstructive hydrocephalus in patients of 
retroviral disease--a case series. Med J Malaysia. 2012;67(2):214–6.

51.       Flegr J, Klose J, Novotna M, Berenreitterova M, Havlicek J. Increased 
incidence of traffic accidents in Toxoplasma-infected military 
drivers and protective effect RhD molecule revealed by a large-
scale prospective cohort study. BMC Infect Dis. 2009;9:72.

52.       Wilcox C. Lice don't lie. Sci Am. 2012;306(6):28.
53.       Pedersen MG, Mortensen PB, Norgaard-Pedersen B, Postolache TT. 

Toxoplasma gondii infection and self-directed violence in moth-
ers. Arch Gen Psychiatry. 2012;69(11):1123–30.


