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Toxoplasma commonly infects animals and man in the Americas. The 
following article applies what is currently known about toxoplasmosis 
immunology to provide a theoretical explanation of the relatively 
common subclinical form of the infection as well as the diverse but 
relatively rare forms of overt clinical disease. 

General Immunologic Considerations 

Asymptomatic Toxoplasma infection of both 
man and animals is common in the Americas. 
This is shown by the high prevalence of Toxo- 
plasma antibody, commonly found in 50-60% 
of human subjects 20-30 years old, in the ab- 
sence of apparent clinical disease (I). Similarly, 
serologic surveys have found antibody in normal 
animals (2). Clinical illness also occurs, how- 
ever, such as the illness that led to Splendore’s 
discovery of Toxoplasma in a spontaneously dis- 
eased rabbit at the Portuguese Hospital in Sao 
Paulo (3). In this vein, postmortem examination 
of babies and adults was instrumental in recog- 
nizing neonatal and adult toxoplasmosis in Latin 
America (4, 60). 

What immunologic insights can be drawn 
from the simultaneous presence of asymptomatic, 
clinical, and even fatal infections in animals and 
man? (It seems appropriate to start with a brief 
general discussion of toxoplasmosis immunol- 
ogy, because that is basic to an understanding 
of clinical toxoplasmosis, its diagnosis, and its 
optimal treatment.) Regarding man, Table 1 
compares diverse human immunologic re- 
sponses to Toxoplasma infection, grouping these 
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into seven clinical responses that can be usefully 
discussed. Regarding most animals, it is impor- 
tant to note that immunity is readily developed 
but infection persists, leading to a huge reservoir 
of chronically infected animals that serve as in- 
termediate hosts, thus maintaining the infection 
in nature (Figure 1). 

Judging from the marked pathogenicity of Toxo- 
plasma for Australian animals that evolved with- 
out native cats, and for the arboreal squirrel and 
night monkeys (Saimiri and Aotus spp.) in Pana- 
ma, whereas ground-dwelling animals were re- 
sistant (2), it is reasonable to postulate that ani- 
mals exposed to Toxoplasma oocysts in the soil 
were selected for their ability to develop immu- 
nity in a timely fashion. (The life-cycle of Toxo- 
plasma and other aspects of the parasite are dis- 
cussed elsewhere-5,6,7.) Humans acquire in- 
fection either from cat-shed oocysts, which persist 
in the soil for long periods of time, or from eating 
undercooked meat of chronically infected ani- 
mals (Figure 2). 

Protective immunity to Toxoplasma is specific 
and is mediated by antibody, T-lymphocytes, 
and their products. Several classes of antibody, 
active against several antigens, have been de- 
scribed. All of them develop within a few days 
after infection. 

Some of these antibodies cause Toxoplasma 
lysis, as demonstrated by the dye test of Sabin 
and Feldman (8). These antibodies, which act 
only on extracellular Toxoplasma, cause perfo- 
ration of the cell membrane in the presence of 
complement (9), producing leakage of the 
cytosol (10). However, while protection exper- 
iments have shown that a few lethal doses of 
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Table 1. The clinical and subclinical immunologic spectrum of human toxoplasmosis. 

Deferred clinical 
toxoplasmosis 

(subclinical in mother, 
clinical in baby) Threshold Acute Subacute 

Chrome 
infection 

Recrudescence in 
immunosuppressed host 

Subclinical 
toxoplasmosis 

(inapparent 
infection) 

Mother: From none to 
thresholdclinical 
manifestations 

Fever, 
lymphadenopathy 

Baby: Hepatitis, 
pneumonia, encephalitis, 
retinochoroiditis (see 
subacute chnical 
toxoplasmosts) 

Seroconversion with Seroconversion, 
high antibody titers high IgM and 
in IgM and IgG IgG titers 
fractlo”s 

Pneumonia, hepatitis, 
myocarditis, myositis 
encephalttts, and 
retinochoroiditis 

Retinochorotdttts Encephalttts, 
(myocarditis, 
pneumonia, 
rettnochorotditts) 

None 

Htgh IgM and 
IgG ttters 

Intermediate to 
low IgG titers 

Varied IgG titers 
Variable or absent 
IgM titers 

Stable IgG 
titers 

Variable or 
absent IgM 
titers 

Manifestattons 

Typical 
serologic 
findings 

Immunologic 
factors and 
status 

a) Age resistance 
(mother) 

b) Immunologic 
immaturity (baby) 

c) Passive immunization 
(baby) 

a) Nearoptimal 
acquired 
immunity 

a) Inadequate 
rate of 
Immunity 

a) Delayed/ acquisition 
inadequate rate b) Immunologtc 
ofimmunity immaturity 
acquistion c) Passwe 

immuntzation 
d) lmmunologlc 

basis of 
perwentricular 
necrosis 

a) Cyst rupture with 
necrosis from 
delayed hyper- 
sensittvitv - 90% 

b) Localized 
immune defect in 
retma wtth 
multiplying 
tachizovtes (- IO%1 

c) Establkhed 
immunity elsewhere 
in the body 

a) Immune defect 
due to lymphoma, 
tumor chemotherapy, 
AIDS, other 

Established 
immunity 
probably 
with pre- 
munition 
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Figure 1. Transmission of Toxoplasma, including natural and farm-human cycles. The three important 
Toxoplasma reservoirs are cats, the soil, and intermediate hosts. From J. K. Frenkel (7), p. 1190. 
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Figure 2. Transmission of Toxoplasma to man. All human infections arise directly 
or indirectly from oocysts shed by cats. People either ingest oocysts directly with 

soil contaminated by cat feces, or else become infected indirectly by eating 
the undercooked flesh of animals that have eaten oocysts. Infection 
of the fetus can follow maternal infection acquired by either route. 

From J. K. Frenkel Microbiology, 1984, pp. 212-217. 
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Toxoplasma organisms may be overcome by 
such “passively transferred” antibodies, these 
antibodies rarely cause appreciable modification 
of severe experimental infection (II). That may 
be partly because tachyzoites can enter adjacent 
cells without being exposed to antibody, and also 
because tachyzoites in the bloodstream are often 
transported within white blood cells. However, 
passively transferred antibodies do add to the 
effect of cellular immunity, as shown by studies 
in IgM-suppressed mice (12). 

The most important specific factor in protec- 
tive immunity is supplied by sensitized lymphoid 
cells, which have been shown to confer immunity 
by adoptive cell transfer (I I). By separately test- 
ing specifically and nonspecifically immune 
lymphocytes in combination with macrophages, 
the lymphocytes in these suspensions were 
shown to play a decisive role (13). Other exper- 
iments showing exquisite sensitivity, to 50 rads 
and to small concentrations of cortisol, sup- 
ported the concept that specifically committed 
lymphocytes were decisive (14). 

That T-lymphocytes were involved was sug- 
gested by the inability of athymic, nude mice 
to develop immunity, and also by the fact that 
this defect was repaired by thymic transplants 
(15). In addition, the fact that established im- 
munity in hamsters could be abolished by phar- 
macologic doses of corticosteroids, even in the 
presence of high antibody levels, was consistent 
with the theory that T-lymphocytes played the 
essential role (16,17). 

Another noteworthy point is that human lym- 
phocyte products have been shown to inhibit the 
multiplication of Toxoplasma in macrophages 
(18,19),and at least two types of mediators have 
been studied in the supematants of lymphocytes 
from immune animals. Regarding the latter, a 
Toxoplasma inhibitory factor with a molecular 
weight between 40,000 and 80,000 daltons was 
derived from mouse lymphocytes. This factor, 
which has been studied mainly in mouse macro- 
phages (20,21), has also been found active in 
mouse kidney cells (22). What appears to be 
another Toxoplasma immune mediator with a 
molecular weight between 4,000 and 5,000 dal- 
tons was derived from hamster lymphocytes 

studied in macrophages, kidney cells, and fibro- 
blasts (23). In this instance, separate Toxoplas- 
ma and Besnoitia immune mediators were found 
in hamster lymphocyte supematants. Each was 
specific, though with some nonspecific admix- 
tures. The mouse mediators mentioned have 
not been tested for microbe specificity. How- 
ever, in several of these supematants immune 
interferon qualities were detected, suggesting 
that although specifically induced, some mediator 
in the supematant is nonspecifically expressed. 
A more detailed comparison of several mediators 
has been published elsewhere (24). 

A number of nonspecific immune factors 
should also be considered. Alpha interferon was 
active in some studies (25) but inactive in others 
(26). Phagocytosis and killing by activated macro- 
phages was found highly effective but nonspecific, 
whereas committed lymphocytes or antibody con- 
ferred specificity on them (27). An oxidative 
metabolic burst has been found to accompany 
phagocytosis and to precede killing of Toxoplasma 
by reactive oxygen metabolites in macrophages 
(28). Interferon-gamma was identified as the lym- 
phokine (also called macrophage activating fac- 
tor-MAP), which stimulated macrophages to re- 
lease peroxides and kill Toxoplasma (29). In cul- 
tured fibroblasts, interferon-gamma induced deg- 
radation of tryptophane, restricting the growth of 
Toxoplasma (especially in Eagle’s medium, which 
contains only 10 kg/ml of tryptophane). At higher 
concentrations of tryptophane, higher concentra- 
tions of interferon were needed to produce demon- 
strable anti-Toxoplasma activity (30). 

Although all these factors may participate to 
some degree in the immune concert in vivo, it is 
important to recall that unlike Leishmania and 
Histoplasma, Toxoplasma infects principally non- 
macrophages. Histopathologic studies, cinema- 
tography (31), and electron microscopy (32) have 
all shown that Toxoplasma actively invades he- 
patic cells, fibroblasts, myocardial cells, smooth 
muscle cells, endothelial cells, neurons, and intes- 
tinal as well as other epithelial cells in both experi- 
mental animals and man. Therefore, it is important 
to explain immunity in nonmacrophages, which 
are unlikely to release oxygen metabolites. The 
blockage of Toxoplasma growth by interferon- 
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gamma, mediated by degradation of tryptophane, 
is a mechanism that might be operative in a mal- 
nourished host (the normal concentration of tryp- 
tophane in blood is approximately 7 p,g/ml). How- 
ever, nonspecific protection induced by Listeria 
and Besnoitia protected only against 10 Toxo- 
plasma or less, whereas specific immunity pro- 
tected against more than 100,000 Toxoplasma 
(33). It is this latter order of magnitude of spe- 
cific protection that we must strive to explain 
immunologically. 

Most strains of Toxoplasma have low patho- 
genicity for most hosts (34). The immunity that 
follows acute infection is usually associated with 
persistent infection, a state called concomitant 
immunity (3.5) or premunition (36). Premunition 
is the best state of immunity most hosts are able 
to achieve and also involves circumstances that 
enable the parasite to ensure its survival in na- 
ture. Until recently it remained uncertain whether 
chronic persistent Toxoplasma infection was 
necessary for the maintenance of immunity. 
Vaccination of mice with killed Toxoplasma, 
while generating antibodies, usually did not pro- 
tect them against acutely fatal infection (37); 
but guinea pigs and hamsters (which develop 
immunity more readily) or mice given a threshold 
fatal dose could sometimes be protected (38,39, 
40). Recently, a nonpersisting Toxoplasma strain 
(ts-4) was discovered (41) that confers immu- 
nity on mice, hamsters, rabbits, and certain 
monkeys (37,40,42,43). Apart from providing 
a good candidate for a vaccine, strain ts-4 also 
permits study of Toxoplasma immunity without 
premunition. 

remain asymptomatic but infect some of their 
babies in utero. Although both mother and infant 
are infected with the same Toxoplasma strain, 
and although there is passive transfer of anti-Toxo- 
plasma IgG from mother to fetus, the outcome 
is neonatal illness in about 30% of the cases. 

It is well-known, of course, that most adult 
humans develop immunity quickly-before le- 
sions, signs, or symptoms develop. However, 
most human infants infected in utero, while not 
necessarily symptomatic at birth, acquire such 
a heavy parasite load that they eventually develop 
retinochoroiditis (44). This natural experiment 
illustrates immunologic maturity and immatu- 
rity, conditions that can also be observed in rats 
(45), cats (46), and chickens (47). 

Whereas one can expect that common Toxo- 
plasma infections are asymptomatic because ani- 
mals and man have been selected for their ability 
to develop immunity, there is usually an age 
range where such immunity matures. In rats, 
this time arrives about two weeks after birth 
(45); in chickens it comes about two days after 
hatching (47); in kittens it comes at about three 
months (46); and in human babies it arrives at 
six to 12 months-all of these being times when 
the likelihood of exposure to oocysts or tissue 
cysts in nature appears to be increasing. 

Threshold Clinical Toxoplasmosis 

Patterns of Human Disease and Immunity 

On the basis of the foregoing, one can attempt 
to analyze the various immune factors operative 
in individual human disease syndromes (see 
Table 1). 

Deferred Clinical Toxoplasmosis 

This is experienced by children and adults 
who pass through acute toxoplasmosis with only 
a slight fever, a mild “flu,” or lymphadenopathy. 
These patients are rarely diagnosed except when 
detected during an epidemiologic investigation 
triggered by more severe illness. Good examples 
of such infections have been reported from out- 
breaks at an Atlanta riding stable (48) and in 
the Panamanian jungle (49). In both outbreaks, 
the infection was thought to have been acquired 
by exposure to oocysts. However, only three of 
seven laboratory infections (50) produced 
threshold symptoms, the remaining four being 
entirely asymptomatic. Moreover, during a ten- 
year study of a Panamanian population (51) we This affects 20 to 40% of the infants born to 

women infected during pregnancy. The women encountered 55 seroconversions, but none of the 
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individuals involved reported any illness that 
could be linked with Toxoplasma infection. 

Lymphadenopathy with lymphoreticular hyper- 
plasia (52,53) is usually a manifestation of de- 
veloping immunity. Sometimes a preceding 
acute illness is apparent (54). Few organisms are 
feund in affected lymph nodes, and cysts are usual- 
ly present; antibody titers are usually high (55). 
Histologically, the picture is distinct from a lym- 
phoma (52,.56), although on occasion acute toxo- 
plasmosis will occur in a patient with incipient 
lymphoma (57). 

Acute Clinical Toxoplasmosis 

This is typically a severe, acute, generalized 
illness, often with pronounced focal lesions of 
the lung, liver, heart, brain, or skeletal muscles, 
which can have a fatal outcome. There have 
been numerous clinically and serologically sus- 
pected cases, some with histopathologic confir- 
mation. Both children (58) and adults (59,60) 
are afflicted. 

Sometimes, the circumstances of a case 
suggest reasons for a defect in the characteristic 
natural resistance. One patient had concomitant 
bartonellosis (60). Several patients were of an 
advanced age (61), a condition that has been 
linked with decreasing resistance in mice (62). 
A few were immunosuppressed when they be- 
came infected, either as a result of tumor chemo- 
therapy (63,64) or after a kidney or (especially) 
a heart transplant (65). 

Subacute Toxoplasmosis 

This is an infection acquired in utero that is 
symptomatic for a prolonged period in the im- 
munologically immature fetus, despite exposure 
to maternal antibody. As Desmonts and Couvreur 
have pointed out (66), when Toxoplasma is 
transmitted in the second trimester it produces 
more severe clinical illness than when it is trans- 
mitted during the third trimester; however, trans- 
mission is more common in the latter period. 

Studies by Eichenwald (67) have differen- 
tiated between generalized and central nervous 

system disease. The generalized disease occurs 
initially and then may lead to encephalitis. Dif- 
fuse encephalitis and periventricular necrosis are 
common in the United States and Europe, but 
in a group of cases I was able to review in Costa 
Rica, periventricular necrosis was not present. 

Periventricular necrosis starts as ependymal 
ulcerations caused by tachyzoites and progresses 
to vasculitis unassociated with Toxoplasma or- 
ganisms. This uniform periventricular vasculitis, 
together with thrombosis, suggested the hy- 
pothesis that antigen found trapped in the three 
ventricles rostra1 to the obstructed aqueduct in- 
teracts with hematogenous antibody, a develop- 
ment that leads to vasculitis based on an in vivo 
antigen-antibody reaction (68). Thrombosis of 
the affected vessels then results in the periven- 
tricular necrosis. A toxic reaction was excluded 
by the observation that cell damage was absent 
in the ventricular lumen, where granulation tis- 
sue could be found to emanate from the walls 
of larger thrombosed arteries that had escaped 
complete necrosis. 

The development of internal hydrocephalus 
secondary to aqueduct obstruction and accen- 
tuated by inflammation and leakage of plasma 
protein into the ventricles carries a serious prog- 
nosis. In children that survive, a spectacular pat- 
tern of intracerebral calcification may be found, 
such as curvilinear calcium deposits marking the 
necrotic foci in the ventricular walls and else- 
where. Antibody is believed to be formed ac- 
tively by the fetus, starting in the second half 
of intrauterine life; and this, together with pas- 
sively diffused maternal antibody, is probably 
instrumental in mitigating the visceral lesions. 
However, brain and retinal lesions progress de- 
spite high antibody titers (69). Nothing is known 
about cellular immunity in the fetal or neonatal 
brain. 

Chronic Toxoplasmosis 

A complication of chronic Toxoplasma infec- 
tion, this condition is believed to persist in most 
humans after the acute infection has passed. The 
best evidence of chronic persistence has been 
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obtained from animals, in which Toxoplasma 
cysts can be found histologically and by animal 
inoculation for months and years in most hosts 
except cattle. Considering the life-cycle of Toxo- 
plasma, chronic infection of the intermediate 
host is essential because the tissue cyst transmits 
the infection more efficiently to cats than the 
oocyst (70). 

Cyst persistence has been selected for, ever 
since Toxoplasma became a two-host coccidian. 
Cysts are found in the brain, in skeletal and 
cardiac muscles, and in many other organs, with 
each cyst containing hundreds or thousands of 
bradyzoites (slowly multiplying organisms) 
(71). With the attrition of the cysts, and in the 
presence of delayed-type hypersensitivity, adja- 
cent cells are destroyed as well. Clinically sig- 
nificant lesions are found mainly in the retina, 
probably as a result of the highly concentrated 
structure-function relationship and the lack of 
retinal regenerative capacity. 

Most retinal lesions in man are self-limited, 
even without chemotherapy (68). From a ham- 
ster model it was learned that the attrition of cysts 
in the retina also leads to inflammatory lesions 
and scarring, even without the proliferation of 
tachyzoites. Because of these observations, the 
“cyst rupture lesion” hypothesis was developed, 
based on antigen release in the presence of de- 
layed-type hyper sensitivity, but with enough 
immunity to inhibit proliferation of tachyzoites 
(68). In both humans and hamster models a small 
number of tachyzoite-produced lesions have also 
been described, suggesting the theory that an 
immune defect exists in the retinas of these 
cases. 

Considering the dual pathogenesis of toxo- 
plasmic retinochoroiditis, I estimate 90% of the 
cases to result from cyst rupture, with the lesions 
being caused by hypersensitivity in the presence 
of adequate immunity, and 10% to result from 
tachyzoite proliferation producing necrosis of 
individual parasitized cells consequent to a 
localized immune defect. Because corticosteroids 
are often used clinically to diminish the inflam- 
mation of hypersensitivity, it should be pointed 
out that immunosuppression is also likely to re.- 
sult from such anti-inflammatory doses of cor- 

ticosteroids. In this case, should another cyst 
disintegrate, the released bradyzoites might not 
be killed and might proliferate as tachyzoites, 
actively destroying the retinal cells parasitized. 
For this reason, the administration of anti-inflam- 
matory doses of corticoids for ocular toxoplas- 
mosis should always be accompanied by chemo- 
therapy with sulfadiazine and pyrimethamine, 
which inhibit parasite proliferation (68). 

Recrudescent or Relapsing Toxoplasmosis 

This condition characterizes focal lesions, 
usually in the brain but occasionally in the retina 
or myocardium, where large numbers of tachy- 
zoites destroy cells that they have parasitized. 
Recrudescent toxoplasmosis is characteristically 
found in patients who are immunosuppressed- 
e.g., patients with lymphoma, subjects undergo- 
ing tumor chemotherapy, transplant recipients, 
or patients with the Acquired Immune Defi- 
ciency Syndrome (AIDS). 

The cerebral lesions are spherical necrotic foci 
showing hemorrhagic borders histologically. 
They are seen as target-shaped or ring-shaped 
lesions on computerized axial tomograms. They 
are sometimes called abscesses, but contain no 
pus. In the immunosuppressed host, cyst rupture 
with liberation of bradyzoites leads to parasitiza- 
tion of surrounding cells, large numbers of pro- 
liferating tachyzoites, and expanding lesions. In 
at least one patient, a similar ocular lesion has 
been described (721, this occurring in a woman 
on long-term therapy with corticosteroids partly 
injected under Tenon’s capsule. 

The typically focal, relapsing toxoplasmosis 
can be distinguished from the primary infection 
in immunosuppressed hosts, which is general- 
ized. It can be expected that with more profound 
immunosuppression in AIDS, additional foci are 
likely to be found in other organs (73). 

Relapsing toxoplasmosis lesions have been 
studied experimentally in hamsters and com- 
pared with human lesions (16,17,68), and a large 
series of toxoplasmosis cases in immunosup- 
pressed humans has been reviewed (74). Locali- 
zation of the condition in the brain is believed 
to result from cysts situated there. However, the 
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principal pathogenetic factor is a pronounced 
immune defect of the central nervous system 
that permits the organisms to multiply. It has 
also been suggested that organisms may reach 
the brain hematogenously. This is unlikely, 
however, because there is usually no extraneural 
source of toxoplasmic proliferation; also, be- 
cause antibody and complement are generally 
present in these patients, neutralization of at least 
the extracellular Toxoplasma disseminated by 
the bloodstream could be expected. Chemo- 
therapy with sulfadiazine and pyrimethamine is 
effective in such immunosuppressed patients be- 
cause it acts directly on the multiplying tachy- 
zoites (17,68). 

Inapparent Infection 

This condition is found in a large group of 
people and animals with stable antibody titers, 
usually only in the IgG fraction, without clinical 
manifestations. As suggested in the discussion 
of premunition, many of these subjects probably 
remain infected, as shown by positive passages 
in animals (71). The presence of an effective 
infection-immunity has also been inferred from 
observation of asymptomatic experimental ani- 
mals. However, treatment with large doses of 
corticoids and certain antineoplastic agents can 
abolish immunity in both animals and man 
(16,17), so that people with inapparent infec- 
tions are at risk for recrudescent or relapsing 
toxoplasmosis. 

However, human immunity to Toxoplasma is 
apparently more stable to given states of hyper- 
corticism than is immunity to cytomegalovirus, 
because there are far fewer relapses of toxoplas- 
mosis than of cytomegalovirus infection. In this 
regard it is worth noting that Toxoplasma has 
been isolated from a number of immunosup- 
pressed people at autopsy without finding lesions 
(17,75). 

The prevalence of inapparent infection is 
lower in the United States than in Latin America, 
and particular age groups in the United States 
tend to have lower mean antibody titers than 
Latin American counterparts. These circum- 

stances are attributed to lower rates of infection 
and reinfection in the United States (I). 

The prevalence of antibody in Costa Ricans 
between 15 and 25 years of age is about 60%. 
The most common antibody titer is 1: 1000, with 
about a quarter of the seropositive people having 
this or higher titers. Because such levels are in 
the range of those associated with clinical toxo- 
plasmosis, it is important to distinguish between 
toxoplasmosis and unassociated disease. 

Figure 3 shows how IgM antibody titers can 
be used to evaluate the meaning of high IgG titers. 
Also, pregnant women with high titers need to 
be tested so as to differentiate between recent 
acute maternal infection (during which the fetus 
may have become infected) and a previously 
contracted inapparent infection (in which case 
the mother’s immunity apparently protects the 
fetus). Figure 4 outlines a way of dealing with 
this problem by using the antibody titer determi- 
nation in the IgM fraction; if necessary, such 
work should be performed in conjunction with 
efforts to isolate the organism and studies for 
the presence of antigenemia. The treatment has 
been discussed in a recent symposium on toxo- 
plasmosis (78). 

Vaccine Development 

The foregoing discussion of immunity would 
be incomplete without briefly covering the po- 
tential for immunization. In man and most ani- 
mals a vaccine would be useful if it prevented 
illness or the transmission of Toxoplasma to the 
highly susceptible fetus. With the availability 
of many strains of low pathogenicity, immunity 
is easily achieved. However, the danger of re- 
crudescence occurring as a potential conse- 
quence of vaccination is not acceptable. 

A mutagenized strain of Toxoplasma, ts-4, 
has been found to immunize animals but to per- 
sist no more than one or two months in mice and 
hamsters (37,40,41). Experiments are in progress 
to test the effectiveness and safety of ts-4 vac- 
cine. 

Cats usually develop resistance to Toxoplusma- 
related illness by the time they are weaned, but 



Figure 3. A method for analyzing IgG antibody to Toxoplasma in terms of IgM titers obtained with 
the immunofluorescent antibody (IFA) or enzyme-linked immunosorbent assay (ELISA) test. 
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Figure 4. Algorithm for pregnant women with antibody to Toxoplasma. From J. K. Frenkel (78). 
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they still shed large numbers of oocysts after diostat and to improve utilization of food) could 
their first infection with bradyzoites in tissue be immunized without shedding oocysts in the 
cysts (46). Cystless strains of Toxoplasma and process (77). 
killed vaccine have failed to immunize cats Efforts are underway to estimate the cost of 
against oocyst shedding (76). However, cats toxoplasmosis in several countries, along with 
treated with monensin (a non-ionic carboxylic the cost-effectiveness of hygienic measures and 
ionophore used in chickens and cattle as a cocci- of vaccination used for its prevention. 

SUMMARY 

This article reviews what is currently known about 
toxoplasmosis immunology and relates that informa- 
tion to the various clinical and subclinical responses 
to Toxoplasma infection. 

In brief, the text notes that Toxoplasma infection 
readily elicits an immunity that has been shown to 
depend principally on T-cell factors and to a lesser 
degree on antibody. The latter lyses extracellular 
Toxoplasma in the presence of complement, but is 
not effective against the organisms that multiply intra- 
cellularly in a variety of cells-including fibroblasts, 
muscle cells, neurons, and liver cells. A mediator 
derived from T-lymphocytes has been found active 
against Toxoplasma in fibroblasts and kidney cells. 

The common subclinical asymptomatic infection 
in mammals, birds, and man is dependent upon an 
effective immunity. The various disease conditions 
derived from Toxoplasma infection include deferred 
clinical toxoplasmosis, in which an asymptomatic 
mother infects her fetus (in whom illness is often 
apparent), as well as threshold, subacute, acute, 
chronic, and recrudescent disease conditions. Avail- 
able information about the roles that immunologic 
factors or their absence play in each of these condi- 
tions is presented, with emphasis being placed on 
diagnostic and serologic findings; and the potential 
for developing a vaccine against toxoplasmosis is dis- 
cussed. 
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FALCIPARUM MALARIA IN CANADA 

In 1984, the Tropical Disease Unit at the Toronto General Hospital treated 38 patients with docu- 
mented malaria, the largest annual number of cases seen in the past 10 years and a 125% increase 
over 1983. (Overall, 254 malaria cases were reported in Canada in 1984, as compared with a ten-year 
high of 600 cases in 1980 and a ten-year low of 65 in 1975.) 

In addition, the proportion of Toronto General Hospital malaria patients infected with P. falci- 
parum also increased, to 36.8%. Indeed, more cases (14) of P. fulcipurum malaria were seen in 
1984 than in the previous five years combined. 

Ten of the 14 falciparum patients had traveled in East Africa, two had traveled in West Africa, and 
two had come from India. Twelve patients were treated for presumed chloroquine-resistant falcipa- 
rum malaria because they had visited known chloroquine-resistant areas (Kenya, the United Republic 
of Tanzania, Zambia, and Northeastern India). All of the patients responded to therapy, and no 
recrudescences occurred. For those requiring hospitalization, the average length of stay was 3.7 days. 

NOTE: The marked increase in falciparum malaria seen in this unit is probably a reflection of 
increased exposure to drug-resistant P. fulcipurum. The number of travelers to Africa has not changed 
appreciably over the past 10 years, whereas the prevalence of chloroquine-resistant P. falcipurum 
malaria has increased steadily. The proportion of cases of falciparum malaria acquired in Africa 
(85%) parallels data from the U.S. Centers for Disease Control showing that 72% of falciparum 
malaria cases imported into the United States were acquired in Africa. The unit’s data further under- 
line the high risk of acquiring falciparum malaria in East Africa, particularly when approved methods 
of chemoprophylaxis are not being followed. 

Source: Ministry of Health and Welfare of Canada, Canada Diseases Weekly Report ll(24). 1985 


