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Comparison between Toxoplasma
gondii DNA and specific
immunoglobulins during pregnancy
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ABSTRACT Early diagnosis of toxoplasmosis in pregnant women can be of great help in early intervention
and prevention of congenital disorders that usually lead to fetal death. The purpose of the present study was
to evaluate nested PCR amplification of the B1 gene of Toxoplasma gondii befora and after treatment and in
comparison to serological follow-up during treatment. The efficiency of treatrent on the bases of PCR
dotection of T. gondil DNA was statistically significant, while it was insignificant when anti-toxoplasma spesific
IgM and |G antibodies were used. PCR detection of T. gondi DNA when performed on whola blood is a rapid,
sensitiva and specific diagnostic procedure and is a valuable tool for establishing the diagnosis of T. gondii
infection in women befora or during pregnancy.

Comparzison entre FADN de Toxopiasma gondil et des Immunoglobulines spécifiques pendant
la grossesse

RESUME Le diagnostic précoce de la toxoplasmose chaz la famma enceinte peut dtre d'une grande utilité
pour Fintervention rapide et la prévention des troubles congénitaux qui sntrainent habituellement la mort fostale.
La présante étude avait pour objectif d'évaluer Famplification par PCR nichée du géne B1 de Toxoplasma gondii
avant et aprés le traitement et par comparaison avec le suivi sérologique pandant je traitement. L'sfficacité du
traiternent sur la base de la détection par PGR de FADN de 7. gondii était statistiquement significative, alors
qu'elle n'était pas significative en cas d'utilisation des IgM et }gG antitoxoplasmiques spécifiques. La détection
par PCR de 'ADN de T. gondii lorsqu'alle est réalisée sur du sang total est une procédure diagnostique rapide,
sansible et spécifique et elle ost considérée comme un instrument précieux pour poser le diagnostic de
linfection & T. gondii chez les femmes avant ou pendant Ia grossesse.
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Introduction

Toxoplasmosis is caused by infection with
Toxoplasma gondii, a single-cell protozoan
that belongs to the family Coccidia. . gon-
dii is an obligatory intracellular protozoan
with a heterogeneous life cycle in humans
and other vertebrates [1]. T gondii infection
iz found in 30%—50% of the human popula-
tion worldwide, most of the infected people
being clinically asymptomatic [2]. Infection
with this protozoan usually occurs by inges-
tion of food or water contaminated with its
oocytes. Infection with 7. gondii is a major
cause of fetal death since T gondii can be
transmitted to the fetus through the placenta
(transplacental) from an infected mother or
at vaginal delivery [3]. Furthermore, toxo-
plasmosis has been implicated in abortion,
prematurity, stillbirth and early postnatal
mortality [4]. 7 gondii can also cause seri-
ous damage to different tissue organs of its
infected host depending on the site where it
forms its cyst [2].

Early diagnosis of toxoplasmosis in
pregnant women allows early intervention
and prevention of congenital disorders that
usually lead to fetal death. The Sabin—Feld-
man dye test [5], direct haemagglutination
tcst [6], cnzyme-linked immunosorbent as-
say (ELISA) [7] and indirect fluorescent
antibody test [2] are the most common se-
rological and histological assays for detee-
tion of toxoplasma infection. Histological
diagnosis of toxoplasmosis is carried out
by staining the infective stage in tissuc bi-
opsy using antibodies raised in mice or rab-
bits against toxoplasma surface antigen [&].
Apart from the difficultics in obtaining suit-
able biopsy material, histological investiga~
tions fail to give informative data on the
stage of infection and the effect of the
treatment administered.

Different assays have been developed to
detect anti-toxoplasma antibodies (Igh,

IgG, IgA and IgE) in the sera of pregnant
women with a history of repeated abortion,
and women suspected of being infected
with T. gondii [9). Serological tests based
on the detection of IgM antibodies cannot
differentiate hetween chronic and acute in-
fection [10]. Serodiagnosis of congenital in-
fection depending on the presence of IgG
antibodies in the sera of suspected fetuses is
not helpful as it is difficult to differentiate
between fetal IgG antibodies and maternal
IgG antibodies that have migrated across the
placenta [1!]. Toxoplasma-specific IgA and
IgE antibodies in sera of pregnant women
have also been assayed with ELISA to detect
congenital infection. This has proved to be
more sensitive than IgM detection during
acutc infection, but it has not been used by
enough laboratories to determine its useful-
ness in the diagnosis of acute and/or chronic
congenital toxoplasmosis [12]. Another ap-
proach to obtain an accurate serclogical di-
agnosis of T. gondii infection has been to
employ combined serolugical tests, where
IgM, IgG and/or IgA anti-toxoplasma anti-
bodies are used for screening of T gondii
acute infection, Paul reported that avidity of
anti-toxoplasma IgG antibodies was a useful
marker to differentiate between chronic in-
fection and recently acquired infection [73].

Serological tests to follow up treatment
of toxoplasmosis are not sufficient to eval-
uate the efficacy of the reatment adminis-
tered. It is desirable to detect the pathogen
directly {/4]. Recently, accurate detection
of I gondii in the peripheral blood of in-
fected individuals has been shown to be
possible with amplification of a sequence
within the 35-fold repetitive Bl gene of T
gondii using polymerase chain reaction
(PCR) [15]. It has also been shown that
PCR for the detection of toxoplasma DNA
in the amniotic fluid is a useful tool for
identification or exclusion of fetal toxoplas-
mosis [76].
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In our study, we used PCR to amplify
DNA from the B1 gene to detect circulating
T gondii in blood samples obtained from
pregnant women with a history of toxo-
plasmosis, positive specific anti-toxoplas-
ma antibodies IgM and/or IgG and/or with
a history of repeated abortion. The purpose
was to evaluate PCR detection of 7. gondii
DNA before and after treatment and to
compare this method with serological fol-
low-up of treatment.

Patients and methods

Patients and samples

We examined 29 females (age range 20-35
years) with a history of toxoplasmosis, as
detected by the presence of anti-toxoplas-
ma specific [gM and/or IgG antibodies, and
a history of repeated abortion. Other fac-
tors considered to be involved in repeated
abortion were excluded. Serum and whole
blood samples were collected before and
after treatment with spiramycin, a specific
anti-toxoplasma agent. The medication was
given at a dose of 3 MIU 3 times daily for
21 days [17].

lgM and IgG detection

Specific IgM and IgG anti-toxoplasma anti-
bodies were determined using capture
ELISA technique (ETI-TIOXOK-M re-
verse, Sorin Biomedica, France) according
to the manufacturer’s instructions. Briefly,
patient samples, blank, negative and posi-
tive controls were diluted with sample dilu-
ent and dispensed into their corresponding
wells, followed by incubation for 1 hour at
37 °C. The wells were then washed care-
fully with the wash buffer. The antigen/
tracer was dispensed into all wells except
the blank well. Wells were incubated for
1 hour at 37 °C, followed by proper wash-
ing. Then 100 uL of chromogen substrate
were added to each well and incubated at

room temperature for 30 minutes. The re-
action was stopped by the addition of the
blocking reagent. The optical density {(ab-
sorbance) was determined at 450 nm
2 hours after the addition of the blocking
buffer. The presence or ahsence of the
anti-toxoplasma IgM or IgG antibodies was
determined by relating the absorbance val-
ue of the unknown samples to that of the
cut-off control values.

Polymerase chain reaction
A simple procedure for the isolation of
DNA by microwave oven was used. The
procedure is rapid and can be completed in
as little as 15 minutes. The method has
been used to isolate DNA of hepatitis B vi-
rus from serum samples where the DNA
was reproducibly used for PCR amplifica-
tion [18]. We used the microwave oven to
extract DNA of 7. gondii from whole
blood. Thus, 100 pL of whole blood col-
lected on EDTA in a 1.5 mL tube were ex-
poscd to the maximum heating power of
the microwave for 5 minutes. Then 50 pL
sterile water were added to the treated
blood and mixed vigorously for 5 minutes,
followed by centrifugation for 10 minutes
at 2000 rpm. In the PCR reaction 25 pL of
the supcrnatant were used. DNA extracted
from T. gondii (P-strain) collected from
the peritoneal lavage of infected mice was
uscd as positive control. This positive con-
trol DNA was extracted by phenol/chloro-
form extraction methods (P-strain was
kindly provided by the Depariment of Para-
sitology, Research Institute of Ophthalmo-
logy, Cairo). The number of T. gondii
tachyzoites in suspension was counted on a
haemocytometer prior to DNA extraction
to evaluate the sensitivity of the test ac-
cording 1o the number of tachyzoites.
Nested primer sets were used for ampli-
fying fragments of the B1 gene. The outer
primers are from bases 171 to 190 (5°-
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CCG TTG GTT CCG CCT CCT TC-3%)
and from bases 602 to 583 (5'-GCA AAA
CAG CGG CAGCGT CT-3") producing an
amplified product of 432 bp. Inner primers
are from bases 180 to 196 (5-CCG CCT
CCT TCG TCC GTC GT-3°) and from
bases 392 to 372 (5'-GTG GGG GCG
GAC CTC TCT TG-3") producing an am-
plified product of 213 bp [/9]. The first
50 L PCR reaction mixture contained out-
er primers at a final concentration of 50
pmol each, 20 mmol/L dNTPs and 1.25 U
recombinant taqg DNA polymerase in 1 x
PCR reaction buffer (50 mmol/L. KCI and
10 mmol/L tris-HCI, 1.5 mmolL Mg,Cl,
0.1% triton x 100) (DynAzyme™). PCR
amplification was performed for 2 minutes
at 94 °C for onc cycle, followed by 30 cy-
cles using denaturation at 94 °C for 1
minute, annealing for 2 minutes at 57 °C
and extension for 3 minutes at 72 °C. The
nested PCR reaction was performed using
5 uL of the first PCR reaction in a mixture
containing the inner primers at final con-
centration of 50 pmol each, 20 mmol/L
dNTPs, 1.25 U recombinant taq DNA
polymerase in 1 = PCR reaction bufler.
Amplification was carried out at 94 °C for
2 minutes (one cycle), then followed by 35
cycles each for denaturation at 94 °C for 1
minute, annealing at 58 °C for 1 minute and
extension at 72 °C for 1 minute. The run
was lerminated with a final extension at
72 °C for 10 minutes. The amplification
products were detected by gel electro-
phoresis using 3% agarose gel in 1 = tris-
borate-EDTA buffer. DNA bands were
visualized using 0.5% ethidium bromide in
the presence of uliraviolet light.

Results

Out of 29 patients, 27 had a history of re-
peated abortion and detectahle specific

anti-T. gondii IgM and/or IgG antibodies.
The remaining two patients did not have a
history of abortion: one had toxoplasma
DNA as detected by PCR, and the other
had specific anti-7. gondii 1gG antibodies
only. In all, 22 patients became pregnant
during the treatment. The efficacy of the
treatment regimen was evaluated according
to the results of PCR amplification of
T. gondii DNA at the end of the treatment
course. Patients who continued to have
positive PCR results were given another
treatment course; 14 patients received up
to four courses of treatment. Detection of
the specific anti-toxoplasma IgM and IgG
antibodies was used during the follow-up
of patient treatment. All the 22 pregnant
patients completed their pregnancies to full
ferm,

Before treatment, 28 {96.6%) out of 29
paticnts had dctcctable 7. gondii DNA in
their peripheral blood. After treatment with
a single course of spiramycin, 22 (75.0%)
patients retained 7. gondii DNA in their pe-
ripheral blood and in 6 (20.7%) patients, T.
gondii DNA was absent by PCR (Table 1).

Regarding IgG titre (Table 2), 10 out of
27 patients with positive anti-toxoplasma
IgG antibodies had increasing titre at the
end of the reatment, while the titre de-
creased in 13 patients and was unchanged
in 4 patients.

Comparison belween toxoplasma DNA
and anti-toxoplasma IgG antibody in moni-
toring the response to medication showed
that 10 of the 22 patients who retained T
gondii DNA post-treatment had increasing
titres of IgG specific anti-toxoplasma anti-
bodies confirming their unresponsiveness
to therapy. The remaining 12 patients
showed either decreased or unchanged ti-
tres of IgG specific anti-toxoplasma anti-
bodies (false responders). Of the 6 patients
in whom 7. gondii DNA disappeared from
peripheral blood, 2 had decreased titres of
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anti-toxoplasma [gG antibodies after treat-
ment (true responders). The 4 remaining
patients had either increased or unchanged
titres of anti-toxoplasma IgG antibodies af-
ter treatment indicating the presence of a
long-standing humoral response (Table 3).

Table 1 Presance/ahsence of Toxopiasma
gondii DNA in the 29 women before and
after treatment

DNA Before After
No. % No. %

+ve 28 96.6 ol 759

-ve 1 34 7 244

Table 2 Presence/absence of IgG in the 29
women before and after treatment

1gG Before After
No. % No. %

+ve 27 93.1 25 86.2

-ve 2 6.9 4 13.8
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Regarding toxoplasma DNA versus
anti-toxoplasma IgM antibodies, specific
anti-toxoplasma IgM antibodies were test-
ed before treatment, and 9 out of 29 pa-
tients (31.0%) had detectable levels of IgM
specific anti-toxoplasma antibodies in their
sera and toxoplasma DNA in their peripher-
al blood. After treatment, all the 9 patients
continued to have toxoplasma DNA. Of
these, 5 patients retained detectable levels
of IgM specific anti-toxoplasma antibodies
in their sera. On the other hand, 5 patients
out of the 20 patients with no detectable
levels of IgM specific antibodies had de-
tectable levels of IgM specific antibodies
after treatment (Tables 4 and 5).

After treatment, 6 patients with no T,
gondii DNA in peripheral blood had no IgM
specific anti-toxoplasma antibodies in their
sera. Two of 6 patients with no anti-toxo-
plasma IgM antibodics bcfore treatment
had detectable levels of IgM antibodies af-
ter treatment, although 7. gondii DNA was
not detected in their peripheral blood after
treatment.

According to the number of patients
who rcecived therapy and completed the

Table 3 Presence/absence of Toxoplasma gondll DNA and IgG in the 29 women before and

after treatment
Test lgG Total
+ve —ve
No. % No. % No. %
Before treatment
DNA
+ve 929 2 71 28 100.0
-ve 1 100.0 0 090 1 100.0
Total 93.1 2 6.9 29 100.0
After treatment
DNA
+ve 19 86.4 3 136 2 100.0
—ve 6 857 1 143 7 100.0
Totat 25 862 4 138 20 100.0

Yooo -0 Ohdall ¢ poldl alondl (Al Sovall Redize ¢ daw gl G20 Aol Usli



Eastern Meditarranean Health Journal, Vol. 6. Nos 5/6, 2000

pregnancy period to full term, efficacy of
the treatment on the basis of PCR detection
of T. gondii DNA was statistically signifi-
cant (P < 0.011) (Fisher exact test). It was
not statistically significant when anti-toxo-
plasma specific IgM and IgG antibodies
were used to evaluate the efficacy of the
treatment.

Discussion

Tt is crucial in prenatal screening to ascer-
tain whether T gondii infection was ac-
quired before or after conception [/2].
Primary congenital toxoplasmosis can lead
to parasite transmission to the fetus via the
placenta where, the risk of transmission in-

Table 4 Presence/absence of IgM in the 29
women before and after treatment

igM Before After
No. % No. %

+ve 9 3 10 345

-ve 20 (52 19 65.5
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creases during gestation [/2]. One way to
detect the infection is by testing serocon-
version of anti-toxoplasma IgM antibody
during pregnancy. Anti-toxoplasma IgM
antibodies commonly persist well beyond 6
months, but positive results are very poorly
predictive of infections acquired within the
previous 2 to 3 months [20].

PCR has been consistently used to de-
tect DNA of T. gondii in various biological
samples and has shown high sensitivity
(single tachyzoite) in the diagnosis [/9].
PCR has been shown to be a potentially
powerful diagnostic method compared
with culture, which is insensitive and time-
consuming [19]. The potential of PCR to
diagnose active toxoplasmosis is of great
help in immunocompromised patients, es-
pecially when serological techniques failed
[21]. The sensitivity of PCR for purified 7.
gondii DNA has been found to be very high
because the B1 gene contains 30-35 copies
of repetitive sequences in every T gondii
trophozoite [15].

In our study, the sensitivity of PCR de-
tection of T. gondii DNA was high enough
to detect approximately the DNA of one

Table 5 Presence/absence of DNA and IgM in the 29 women before and after treatment

Test IgM Total
+ve -
No. % No. % No. %
Before treatment
DNA
+ve 9 az1 19 679 28 100.0
—ve 0 0.0 1 100.0 1 100.0
Total 9 31.0 20 69.0 2 100.0
After traatment
DNA
+ve 9 333 18 66.7 74 1000
—ve 1 50.0 1 50.0 2 100.0
Total 10 345 19 65.5 29 100.0
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trophozoite. However, T. gondii DNA was
detected in only 28 patients (96.6%) out of
29 patients clinically diagnosed as having
toxoplasmosis. Also anti-toxoplasma IgG
antibody was detected in the sera of 27 pa-
tients (93.1%), while anti-toxoplasma IgM
antibody was detected in the sera of only 9
patients (31.0%).

The presence of anti-toxoplasma IgM
antibody in the chronic stage of infection
has been reported, especially in pregnant
women [/0]. Therefore, confirmatory
tests are needed either by additional tests or
by demonstration of a significant rise in an-
tibody titres in serial serum samples ob-
tained at a minimum of 3-week intervals
[22]. Moreover, specific IgG antibody ti-
tres do not constantly increase during reac-
tivation of the disease, but a change in the
titre or the presence of IgG is not helpful
[11]. In the present study such a change
was noticed in some patients, which in-
creased the difficulty in defining the effica-
cy of the treatment.

One patient showed no evidence of in-
fection by PCR, while anti-toxoplasma IgG
antibody was detected. This can be attrib-
uted to the presence of a long-standing im-
munity to toxoplasmosis or a cross-
reactive antibody. Since specific IgM anti-
bodies can be detected in both the acute
and chronic phases of toxoplasmosis, there
is a need for confirmatory evidence in the
case of acute infection [23], especially af-
ter treatment. At the same time anti-toxo-
plasma TgG antibodies have been reported
to persist for a long time, up to years [24].

The beneficial effect of prenatal therapy
is 0 convincing that it is considered un-
ethical to withhold it in women who ac-
quire 7" gondii infection during pregnancy
[{7]. Spiramycin alone may provent the
parasitic colonization of the placenta in
60% of the cases; however, the drug has
no effect on a fetus that is alrcady infected.

In such cases, the pyrimethamine/sulfon-
amide combination has been reported to be
more effective [/7]. Administration of only
one course of spiramycin helped eradicate
T gondii infection in 6 of our patijents who
had toxoplasma DNA in their peripheral
blood before treatment.

Evaluation of treatment efficacy during
pregnancy is difficult because it depends
on several factors: gestational stage at
which the infection occurred, how soon
the evaluation was performed after acquir-
ing the infection, whether or not the para-
sites were transmitted to the fetus, and
whether the fetus was affected by the in-
fection. Furthermore, the drugs currently
used only slow down the multiplication of
parasites and are unable to eliminate toxo-
plasma cysts in tissues. Other complicating
factors are related to the ability of the drugs
to cross the placental barrier and to the
possibility that they may have teratogenic
or adverse effects [17].

The extent of damage from toxoplas-
mosis can be reduced by early treatment
and thus rapid diagnosis is essential [79].
The diagnosis is routincly based on sero-
logical tests. In congenitally infected chil-
dren and immunocompromised patients,
and even in immunocompctent paticnts,
however, serology is inadequate because
antibody production either fails or is signif-
icantly delayed.

After infection, T gondii DNA appears
carlier than the immunological response.
This was noticed in one of our patients
where specific anti-toxoplasma IgM and
IgG antibodies were not detected until after
treatment. Also our study included 2 pa-
tients with T gondii DNA, one of whom
had and positive anti-toxoplasma IgG anti-
body only and the other who had no IgG
antibody. The latter lacked IgG until after
treatment which indicates that competence
of the immune response may hamper our
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ability for correct diagnosis and treatment
follow-up.

The appearance of anti-toxoplasma IgM
antibodies in the sera of 5 patients after
treatment when they had been undetectable
before treatment indicates a delayed im-
mune response. This may be due to rein-
fection or reactivation of a latent cyst. On
the other hand, the absence of anti-toxo-
plasma IgM antibodies after treatment de-
spite persistent positive PCR results may be
because although the treatment was effec-
tive, circulating remnants of 7. gondii
DNA remain, and there has been a com-
plete isoshift from IgM to IgG. On the oth-
er hand, DNA stability represents another
possible source of false-positive results
since PCR can amplify DNA from dead or-
ganisms, e.g. after successful treatment. In
the presence of a well developed humoral
immune response, circulating parasites are
rapidly attenuated or killed, but the genetic
component of the cells is not immediately
destroyed. In such a situation, a false PCR-
positive finding in the absence of viable
parasitc cannot be excluded. For this rea-
son, PCR-positive findings are inferred to
be an indicator of apparent parasitaemia
only. In such cases, amplification of more
labile RNA is confirmatory [25].

When we compared the positive PCR
results with rising titre of anti-toxoplasma

IgG antibodies during the course of treat-
ment with spiramycin, we found that PCR
remained positive in 22 patients out of 28,
while the anti-toxoplasma IgG antibody ti-
tre was rising only in 10 patients. Based on
PCR data, treatment courses were contin-
ued in the 22 PCR-positive patients. On the
other hand, when relying on rising IgG ti-
tre, treatment would be continued in only
10 patients.

In conclusion, nested PCR amplification
of the B1 gene of 7. gondii using whole
blood is a rapid, sensitive and specific diag-
nostic procedure and considered a valuable
tool for establishing the diagnosis of T.
gondii infection in adult females before or
during pregnancy. Diagnosis of T. gondii in-
fection during pregnancy is very important.
Serological immune profile is heterogene-
ous, and may be delayed or fail to be repre-
sented. This makes it an unreliable method
for diagnosis and/or treatment follow-up.

Thus, it is advisable to rely on PCR of T
gondii DNA for diagnosis and monitoring
of infection during treatment. Further stud-
ies are recommended to differentiate be-
tween live and dead trophozoites either by
culture, mice inoculation or detection of 7.
gondii RNA., At the same time, quantitation
of T. gondii trophozoites, probably by
competitive PCR, is of great help to esti-
mate effective strategies of treatment.
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