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Summary

Toxoplasmosis is a worldwide infection caused by the intracellular parasite Toxoplasma gondii.
At least a third of the world human population is infected with the parasite, making it one of
the most successful parasitic infections. Primary maternal infection may cause health-thre-
atening sequelae for the fetus, or even cause death of the uterus. Reactivation of a latent in-
fection in immune deficiency conditions such as AIDS and organ transplantation can cause
fatal toxoplasmic encephalitis. Toxoplasmosis is a major cause of chorioretinitis, especially
in individuals with impaired immune systems. In the acute phase, directly after invading the
body, T. gondii begins to multiply rapidly. In the majority of cases acquired toxoplasmosis is
asymptomatic. In the second week of infection, specific IgM antibodies are present in the
blood. IgE antibodies appear at the same time, slightly preceding specific IgA antibodies. The
concentration of IgE can be one of the parameters used for diagnosing an infection with T.
gondii. Laboratory diagnosis, i.e. IgE and serologic assays, plays the main role in the diagnosis
of congenital infection and assists in the confirmatory diagnosis of toxoplasmic encephalitis
and ocular toxoplasmosis. This article is a review of IgE in toxoplasmosis.
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In parasitic invasions, especially in helminthic infec-
tions, there is observed an increase in the production of
IgE antibodies. This defect results from disturbances in
the regulation of antibody production by Th cells, which
promotes a local inflammatory reaction. Through the
release of mediators from mast cells IgE participates in
the reaction of antibody-dependent cellular cytotoxicity
(ADCC). There are two different cellular receptors which
bind IgE. High-affinity IgE receptor FceRII “classic”’plays

on the cells of the fattening indicate and basophils, and
the low-affinity receptor for IgE (FceRI) on granulocytes
and lymphocytes. The FceRII receptor participates in de-
struction of parasites by eosinophils (ADCC mechanism)
and plays a role in the regulation of IgE synthesis [14].

Cytotoxic activity of the eosinophils is increased under
the influence of cytokines (TNF-a and IL-5) released by
mast cells, lymphocytes and macrophages. Th2 lympho-
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cytes synthesize specific cytokines (IL-4, IL-5, IL-6, IL-10,
IL-13 and IL-14) which play a major role in the pathoge-
nesis of parasitic diseases. IL-5 is the major cytokine re-
sponsible for the increase in the eosinophil population in
parasitoses, whereas IL-6 stimulates production of anti-
bodies and exerts a pro-inflammatory effect by stimula-
ting generation of acute phase proteins. IL-10 and IL-12
control the type of the immune response. The former in-
hibits cytokine synthesis and, by blocking the production
of IL-6 and TNF-a, causes an advantage of the response
occurring with Th2 involvement and B cell activation,
while the latter, IL-12, facilitates the formation of a Th1
type response [3].

In the acute phase, directly after invading the body, T.
gondii begins to multiply rapidly. In the majority of cases
acquired toxoplasmosis is asymptomatic. In the second
week of infection, specific IgM antibodies are present in
the blood. IgE antibodies appear at the same time, sligh-
tly preceding specific IgA antibodies. The concentration
of IgE can be one of the parameters used for diagnosing
an infection with T. gondii.

SPECIFICITY OF |GE IN MATERNAL, FETAL AND CONGENITAL
TOXOPLASMOSIS

Toxoplasmosis is an opportunistic invasion which usual-
ly progresses without any or with few symptoms. It can
run a difficult clinical course when the functioning of the
immune system is depressed. In the acquired form, infec-
tion with T. gondii shows a relation to the cells of the reti-
culoendothelial and muscular system. With a congenital
invasion T. gondii localizes in the central nervous system
and in the retina of the eye. In later stages of congenital
toxoplasmosis we observe ophthalmic symptoms such
as infections of the retina and the choroid. Congenital
toxoplasmosis is dependent upon numerous factors such
as gestational age, level of placental development, effi-
ciency of the immune system of the mother and of the
fetus, intensity of invasion and pathogenicity of T. gondii.
Infection within the first trimester of pregnancy cau-
ses in utero death of the fetus, spontaneous abortion or
birth of a neonate with symptoms of general occupation
of the organs (hepatosplenomegaly, hepatitis, anemia,
myocarditis, pneumonia, rash, renal failure, hemorrha-
gic condition) leading to death. Infection within the first
trimester of pregnancy causes acute meningitis, hydro-
cephaly, nanocephaly, intracranial calcification, cerebral
palsy, convulsions, muscle tone disorders, retinal-choroid
infections, microphthalmia, and cataracts. Infection in
the second trimester of pregnancy leads to formation of
intracranial calcifications, hypoalbuminemia, and cho-
rioretinitis [24].

When a mother acquires a primary T. gondii infection
during pregnancy, congenital infection may result, with
severe consequences for the fetus. However, as the risk
of fetal infection is very small when maternal infection
occurs before conception, it is important to make a pre-
cise estimation of the timing of maternal infection. In

the Ashburn et al. study [2], Toxoplasma specific IgE was
detected in five out of six patients from group I (with de-
finite or probable infection during pregnancy), but not
in a patient who seroconverted, confirming the results
of the IgM ELISA. Specific IgE was not detected in 8 of 11
pregnancies from 5 of 7 patients from group 2 (women
with past or possible acute infection during 11 pregnan-
cies). It has been suggested that specific IgE remains de-
tectable for less than 4 months after infection. Positive
IgE immunosorbent agglutination assay (ISAGA) results
and low avidity antibodies were both able to confirm acu-
te infection. The absence of specific IgE in patients from
group 2 (women with past or possible acute infection
during 11 pregnancies) may have been useful to exclude
acute infection [2].

The aim of the study by Villena et al. [26] was to evalu-
ate IgE antibodies as a specific marker of recent or pro-
gressive T. gondii infection. The method which was used
to detect specific IgE was based on immunocapture with
revelation through the use of a suspension of tachyzoites.
The sensitivity of specific IgE detection by immunocaptu-
re was 86.6% in the study of Villena et al. [25], compared
to 82.7% in the study of Gross et al. [12] and 63% in the
study of Wong et al. [26] using the same technique. Ville-
na et al. [25] found high titers of specific IgE in the first 2
months following seroconversion. Relative to the kinetics
of IgE, the kinetics of specific IgA observed in this study
are in keeping with those previously described [9]; this
isotype emerged during the first month after infection,
remained at a plateau for 2 months, and then fell gradu-
ally to become undetectable 6 to 8 months after infection.

Among women who seroconverted during pregnancy and
whose children had congenital toxoplasmosis, the detec-
tion of IgE during pregnancy was not a predictive marker
for congenital infection, as the kinetics and titers of these
antibodies were similar to those observed in all seroco-
nversions. In patients with progressive toxoplasmosis,
IgE antibodies were detected very early and persisted
for more than 6 months. For the diagnosis of congenital
toxoplasmosis, specific IgE was detected less frequently
than IgM or IgA (25% versus 67.3%). Isolation is never
found, since its detection simply confirms diagnoses al-
ready based on other criteria. Performance poorer than
that reported by Wong et al. [26] may be explained by at
least two factors: Villena et al. [25] used only immuno-
capture, whereas Wong et al. [26] reported that ELISA
was more sensitive for IgE in children, and in addition,
all children in whom IgE was detected at birth were born
to mothers who seroconverted during the last trimester.
This suggests that the children’s IgE response was very
recent for IgA detection at birth, as reported by Decoster
et al. [5]. As the kinetics of IgE are shorter than those of
other isotypes, it would appear that the IgE response was
no longer detectable at birth in other infected children.
Wong et al. [26] gave no information on the date of ma-
ternal infection, raising the possibility that the children
in whom they detected specific IgE were also infected
late in the pregnancy.
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Villena et al. [25] have previously reported that such tre-
atment can eradicate markers of congenital infection
usually found at birth (absence of IgM, IgA, and/or IgE,
low or nonspecific titers of IgG, and/or negative placen-
tal inoculation). Specific IgE was rarely found in children
with congenital toxoplasmosis who developed choriore-
tinitis during the first year of life. These results conflict
with previous reports [18] and data from Wong et al. [26]
based on ELISA for IgE. The latter authors reported that
ELISA was more sensitive than immunocapture in this
setting. Screening for specific IgE antibodies is not use-
ful as a first-line method when monitoring pregnancies
at risk for T. gondii infection. However, when a T. gondii
infection is demonstrated, IgE antibodies, which emer-
ge rapidly and disappear after a short time, can help to
date the infection precisely, a key factor in determining
whether antenatal diagnosis is warranted. Moreover, the
persistence of specific IgE beyond 6 months after seroco-
nversion points to a progressive infection.

Foudrinier et al. [10] in their research describe marking
specific IgE antibodies. The clinical value of immunoen-
zymatic detection of anti-Toxoplasma IgE was assessed
by studying 2036 sera from 792 subjects, comprising se-
ronegative controls and subjects with acute, active, re-
activated, or congenital toxoplasmosis. Nonimmunized
adults, pregnant women with recently acquired infection
(acute toxoplasmosis), immunocompetent subjects with
arecently acquired severe infection (active toxoplasmo-
sis) expressed with fever, adenopathies, splenomegaly,
pneumonia, meningitis, or disseminated infection were
included; specific IgE antibodies were never detected in
seronegative subjects. They were present, however, in
85.7% of asymptomatic seroconverters and in 100% of
seroconverters with overt toxoplasmosis, following two
different kinetics: in the former, the specific IgE titer ge-
nerally presented a brief peak 2 to 3 months after infec-
tion and then fell rapidly, whereas specific IgE persisted
at a very high titer for several months in the latter. IgE
emerged concomitantly with an increase in IgG during
Toxoplasma reactivation. For neonatal diagnosis of conge-
nital toxoplasmosis IgE was less informative than IgM and
IgA (sensitivities - 59.5%, 64.3% and 76.2%, respectively)
and had a specificity of 91.9%. The diagnostic value of IgE
detection at birth is slightly better than that of IgA but
lower than that of IgM (respective specificities - 91.9%,
88% and 96.8%). In the neonatal period the IgE index was
positive in 30 infants who were free of congenital toxopla-
smosis. The index fell below the positivity cutoff by day
10 in all infants except one, in whom it remained positive
until 2 months of age; it is noteworthy that this child’s
mother had a particularly high IgE index (>4). The presen-
ce of anti-Toxoplasma IgE in these uninfected infants may
correspond to maternal antibodies which, as documented
for IgA and IgM, may cross the damaged placental barrier.
These specific maternal IgE antibodies are readily detec-
table when the relative nonspecific IgE concentration is
very low in newborns. IgE assay can also contribute to
neonatal diagnosis of congenital toxoplasmosis although
the possibility of sample contamination by maternal anti-

bodies means that a positive result must be confirmed on
day 10 of life, as recommended for IgM and IgA.

Sensini [22] in his research describes infection with T. gondii
during pregnancy. IgE antibody detection has been propo-
sed as a way of defining the stage of the infection, because
IgE is found only in serum samples from patients with acute
infection, and the duration of IgE seropositivity is shorter
than that of IgM and IgA. Enzyme immunoassays (EIAs)
and ISAGA tests have been used for IgE determination,
but these assays are home-made and have been applied
in only a few reference centers. However, Foudrinier et al.
[10] reported limited (a few months) IgE seropositivity in
85.7% of asymptomatic seroconverters, and long persisten-
ce ata very high titer in 100% of seroconverters with overt
toxoplasmosis. Furthermore, IgE emerged concomitantly
with the increase of 1gG during reactivation. Addressing
congenital toxoplasmosis in neonates, Sensini writes [22]:
,IgE has been found in serum samples from congenitally
infected neonates, but the sensitivity of IgE detection is
lower than that of IgM and IgA. Emergence of specific IgE
during post-natal treatment is considered to be a sign of
poor adherence or inadequate dosing. Nevertheless, si-
multaneous measurement of IgM, IgA and IgE improves
the diagnostic yield.”

Ege et al. [8] in their study present infection with T. gon-
dii in pregnant women who are at risk of coming into
contact with the parasite. Pregnant women in the third
trimester of pregnancy were recruited. Women who lived
on farms where any kind of livestock was kept were assi-
gned to the farm group. Specific IgM and IgG antibodies
were determined. Additionally, specific IgE antibodies in
the mother and 2-month-old children were determined.
In this study previous infection with T. gondii exerted its
effect only in the stratum of mothers who had exposure
to cats during their first year of life, but not in mothers
only recently exposed. The association of the maternal T.
gondii infection in infancy with reduced IgE production
against seasonal allergens in the offspring might reflect
an epigenetic effect.

Olariu et al. [17] describe congenital toxoplasmosis in the
USA. One or more severe clinical manifestations of con-
genital toxoplasmosis were reported in 84% of the infants
and included eye diseases (92.2%), brain calcifications
(79.6%), and hydrocephalus (67.7%). T. gondii-specific IgM,
IgG and IgE antibodies were demonstrable in 86.6%, 77.4%
and 40.2% of the infants, respectively.

Abdul-Gani [1] attempted to assess the diagnosis of con-
genital toxoplasmosis. Primary maternal infection with T.
gondii acquired during pregnancy may result in congenital
infection with serious sequelae in the neonatal period or
years after birth [20]. Prenatal diagnosis of congenital toxo-
plasmosis (CT) is based on ultrasonography, amniocentesis,
and fetal-blood sampling [4,7]. Infection of the fetus early
in the pregnancy leads to death in utero or severe neurolo-
gical damage [20]. Definitive diagnosis of congenital infec-
tion later requires cultures of amniotic fluid (AF) and fetal
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blood, in both mice and fibroblast cell culture [6,7]. Since
amniocentesis can be easily performed as early as week 15
of gestation, polymerase chain reaction (PCR) diagnosis of
congenital infection from AF between weeks 15 and 19 of
gestation was reported to be possible [13]. It was found that
the detection of the T. gondii SAG1 gene by PCR had a higher
sensitivity than conventional serologic testing because even
the most sensitive method of measuring IgM detects the
infection in only 75% of infants [25]. The Toxoplasma SAG1
gene was detected within 24 h of obtaining the cells from
cerebrospinal fluid (CSF) at 37 days of life while serum IgM
antibody was negative on the same day [27].

PCR represents a revolution in the diagnosis of conge-
nital T. gondii infection in that it facilitates the process
with respect to time, sampling ease and reliability [21].

ACUTE, SUBACUTE AND CHRONIC TOXOPLASMOSIS; SYMPTOMATIC AND
ASYMPTOMATIC (LATENT) TOXOPLASMOSIS

In patients with a correctly functioning immune system
the infection progresses asymptomatically or limits itself
to local changes in the lymph nodes. The period of an
asymptomatic parasitemia is 1-3 weeks long. Specific anti-
bodies IgM, IgA, IgE and IgG (seroconversion) are created,
which causes inhibition of propagation of the parasite and
leads to the development of cysts in the tissue. Acquired
toxoplasmosis in 85%-90% of cases is asymptomatic. It can
be expressed as lymphadenopathy mainly of the throat,
neck and head. Lymphadenopathy persists and returns
for a period of time ranging from a few to several mon-
ths. The enlargement of the lymph nodes is an immuno-
logic reaction of the host to the presence of the T. gondii
parasite or its metabolic products. The IgG antibodies
are evidence of having come into contact with the para-
site. In the general form of toxoplasmosis the symptoms
involving internal organs are pneumonia, myocarditis,
pleuritis, hemorrhagic condition, hepatosplenomegaly,
anemia and less frequently encephalitis and myositis.

In research described by Kodym et al. [15] 106 people
with acute form of toxoplasmosis (primarily with lym-
phadenopathy) were studied, as well as 368 patients with
asymptomatic toxoplasmosis, using 5 different serologi-
cal tests utilized to detect the presence of IgA, IgE, IgM
and IgG antibodies. It has been demonstrated that the
IgG avidity and assayed IgE demonstrated the highest
specificity (97.7% and 91.7% respectively) and the hi-
ghest positive predictive value (respectively 89.4% and
75.6%). The best correlation between serological results
and clinical symptoms was observed in assaying IgE an-
tibodies. The only drawback was that the presence of
these antibodies in blood circulation was too brief, sin-
ce IgM test positive for a period of 12-18 months, IgA
for 6-9 months and IgE for 4-6 months. Avidity of 1gG
remains at a low level for 4 months at most and later
shows a rising tendency, which correlates with enlarge-
ment of lymph nodes and increased production of IgE.
Hence, measuring IgE is a highly specific test which can
be used to diagnose acute forms of toxoplasmosis provi-

ded that detection is achieved using very sensitive tests.
According to Gross et al. [12] IgE antibodies can be an
indicator of the disease becoming active.

Wong et al. [25] cite the research of Pinon et al. [18] and
Poirriez et al. [19] describing the presence of specific IgE
antibodies which have been assayed using the ISAGA
method in patients with an acute Toxoplasma infection,
congenital toxoplasmosis, or toxoplasmic chorioretini-
tis. Congenital toxoplasmosis was diagnosed through the
presence of neurologic disease including hydrocephalus,
chorioretinitis, and/or the presence of cerebral calcifica-
tions. IgE antibodies were detected (by ELISA or ISAGA)
in 100% of women who seroconverted during pregnancy.
In their study Wong et al. were able to detect a greater
percentage of women who seroconverted during pre-
gnancy (100%) in both of IgE assays, but the decline of IgE
antibodies (detected by ELISA and ISAGA) in individual
patients varied considerably, and serum from one patient
which remained positive for IgE by both ELISA and ISAGA
for 37 weeks after seroconversion was documented [26].

In their work Suzuki et al. [23] illustrate the presence of
IgE antibodies in acute acquired toxoplasmosis. Specific
IgE antibodies appear early in a T. gondii infection, almost
simultaneously with IgM and IgA antibodies. Significant
levels of specific IgE antibodies have been demonstrated
in 63-100% of patients with toxoplasmosis. Pinon et al.
[18] reported that the IgE ISAGA was positive in sera from
25 (86%) of 29 women who seroconverted during gesta-
tion or had specific IgA and IgM antibodies. Specific IgE
was present early in the infection, simultaneously with
IgM antibodies, but slightly preceding the presence of
IgA antibodies. In sequential sera from 23 patients with
toxoplasmosis, IgE antibodies never persisted for longer
than 4 months after the beginning of the infection.

T. gondii is a parasite which enters the body of individu-
als who have a depressed immune system endogenously.
Toxoplasmosis accompanies organ transplantation (the
heart, lungs, bone marrow), neoplasms (Hodgkin’s dise-
ase, lymphomas, leukemia) and AIDS. During the course
of AIDS chorioretinitis, pneumonia, the general form of
toxoplasmosis, myocarditis, and pericarditis appear. Ac-
cording to Kodym et al. [15] if lymphadenopathy and
acute toxoplasmosis persist longer than one year it may
be related to the impaired immunological response. In
patients with toxoplasmic lymphadenopathy, high 1gE
antibody titers were detected by ELISA and ISAGA in vir-
tually all patients within 12 weeks of the onset of clinical
illness. These data confirm the results of previous reports
on the usefulness of serologic tests in the diagnosis of
toxoplasmic lymphadenopathy. In patients with conge-
nital toxoplasmosis, toxoplasmic lymphadenopathy, and
toxoplasmic chorioretinitis, the IgE ELISA appears to be
more sensitive and may be the more appropriate test [26].

Pinon et al. [18] previously reported that Toxoplasma IgE
antibodies were detected using the ISAGA technique in
two of three patients with AIDS and toxoplasmic ence-
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phalitis. In this study, when low-positive results were in-
cluded, IgE antibodies were detected in 83% of the sera of
12 adult patients with AIDS and toxoplasmic encephalitis
by ISAGA and in 50% by ELISA. These data are promising
and warrant further study of the use of these methods for
the diagnosis of toxoplasmic encephalitis in this type of
patient population. In patients with AIDS and suspected
toxoplasmic encephalitis a panel of serologic tests should
provide a more accurate means of assessing whether the
infection is presently active or quiescent.

In the majority of patients with toxoplasmic choriore-
tinitis, and those with toxoplasmic encephalitis, reac-
tivation of a latent infection is a postulated pathogene-
tic mechanism of the disease. The Wong et al. data are
consistent with their hypothesis that recrudescence of
IgE antibodies in patients with disease caused by reac-
tivation may be a marker for the study of immune re-
gulation of immunoglobulin switching in patients with
this infection [26].

In the study by Wong et al. [26], Toxoplasma IgE antibodies
were detected in patients with toxoplasmic chorioretini-
tis which had resulted from a reactivation of a chronic
(latent) infection. When low-positive results were inclu-
ded, more patients with toxoplasmic chorioretinitis had
detectable IgE antibodies by ELISA (54%) than by ISAGA
(36%). These results are similar to the 46% reported by
Pinon et al. (18) in patients with congenital toxoplasmic
chorioretinitis. In a separate study of sera from nine pa-
tients who had serologic evidence of an acute infection
and ocular manifestations including uveitis and chorio-
retinitis, all had high IgE titers by ELISA.

Garweg et al. [11] reported immunoglobulin in human
ocular toxoplasmosis. Using quantitative ELISA, specific
antibodies of the IgA, IgM, and IgE types have been de-
monstrated to occur in ocular toxoplasmosis patients at
the following frequencies: IgA, from 26% through 52% to
63% in the aqueous humor; IgM, from <1% to 11% in the
aqueous humor and to 50% in the serum; IgE, from 0% to
14% in the vitreous fluid and to 66% in the serum. The
levels of IgE within the aqueous humor have not been de-
termined, which is surprising given the purported role of
this class of immunoglobulin in ocular toxoplasmosis - re-
lated to hypersensitivity and autoimmunity. Immunoblot-

ting for IgM and IgE failed to yield any useful information,
which accords with previously published data relating to
adult patients, although in young children those classes
of immunoglobulin may be of greater importance. Hen-
ce, they do not recommend the evaluation of IgM and IgE
on a routine basis. Indeed, local production of IgE would
be expected to contribute to inflammatory eye diseases,
including ocular toxoplasmosis.

London et al. [16] described patients with ocular toxo-
plasmosis. A number of atypical presentations of ocular
toxoplasmosis have been reported, including neuroreti-
nitis, retrobulbar optic neuritis, papillitis, scleritis, outer
retinochoroiditis, anterior optic neuropathy, rhegma-
togenous and serous retinal detachment, and retinal
vascular occlusion. Ocular toxoplasmosis was a com-
mon cause of uveitis in patients in a clinic in northern
California and patients with ocular toxoplasmosis were
more likely than general uveitis patients to be young,
male, and Latino, often having emigrated from Mexico
to the USA.

Detection of Toxoplasma IgE antibodies for the diagno-
sis of acute Toxoplasma infection (seroconversion during
pregnancy and toxoplasmic lymphadenopathy) and for
congenital Toxoplasma infection serves as a useful adjunct
to currently available tests. Detection of IgE Toxoplasma
antibodies also appears to be associated with reactivated
chronic (latent) infections and may be important for the
diagnosis of these conditions.

CoNcLusioN

The absence of natural IgE, together with the early emer-
gence of specific IgE during seroconversion, its brief peak
between 2 and 3 months after infection, and its shorter
kinetics relative to IgM and IgA make specific IgE antibo-
dies a useful complementary tool for fine dating of sero-
conversion. The persistence of specific IgE several months
after seroconversion is suggestive of active toxoplasmosis
and should be taken into account in the risk assessment
both during pregnancy and prior to conception. Specific
IgE is almost always present in symptomatic acquired
toxoplasmosis and can thus contribute to the etiologic
diagnosis of lymphadenopathies.

Table 1. The diagnostic algorithm to differentiate congenital and acquired toxoplasmosis

Patients infected with Toxoplasma gondii

congenital toxoplasmosis

acquired toxoplasmosis

acute toxoplasmosis chronic toxoplasmosis acute toxoplasmosis chronic toxoplasmosis
IgM-+ (12-18 months) IgM- IgM+ (12-18 months) IgM-
IgG+ avidity (max. of 4 months, after which I9G avidity + IgG+ (max. of 4 months, after which avidity lgG avidity +
avidity increased) increased)
IgA+ (6-9 months) IgA+/- IgA+ (6-9 months) IgA+/-
IgE+ (4-6 months) IgE- IgE+ (4-6 months) IgE-
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