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Abstract: Background: Maternal infection with toxoplasmosis during pregnancy is frequently associated with
transplacental transmission to the fetus. Early diagnosis of toxoplasmosis in pregnant women is necessary to get
effective treatment and prevent fetal complications. Objective: The present study aimed to assess the use of PCR and
compare it with enzyme-linked immunosorbent assay (ELISA) for detection of Toxoplasma recent infections in sera
of pregnant women. Methodology: one hundred and thirty pregnant women were included in this study ranging in
age from 17- 38 years selected from patients attending outpatient clinics of the Obstetric & Gynecology Department
at Zagazig University Hospital. They were divided into 2 groups, control group of 30 healthy pregnant women and
case group of 100 complicated pregnancy states. Both groups were tested for the presence of Toxoplasma DNA in
their blood by PCR and specific antibodies to Toxoplasma by ELISA. The results obtained were recorded to
evaluate the best technique to detect recent infection. Results: Out of 130 subjects of the study, 62 (47.7%) & 47
(36.15%) cases had positive results for ELISA anti-7. gondii (IgG) and (IgM). In the control group, five (3.85 %) &
two women (1.5%) had positive results respectively with statistically highly significant difference(? < 0.001). 73
cases (56.1%) had positive PCR results, 27 cases (20.8 %) and all controls were negative. with highly significant
increase of PCR positivity in patient compared with controls (P<0.001). Sensitivity & Specificity of ELISA IgG
were 71. % & 63% respectively with accuracy of 69% and of IgM was 54.7% & 74.1% respectively with accuracy
of 60% when compared with PCR. There is significant association between women in contact with soil or cats and
positive ELISA & PCR. Conclusion: this study highlights the need for a confirmatory test to detect primary acute
toxoplasmosis in pregnant women. It demonstrates the possibility of defining and selecting the high-risk cases for
mother-to-child transmission of infection by combining specific serology and PCR tests to formulate a specific
approach. Tox-IgG indicated catching Toxoplasma infection but not enough to determine recent infection, while
PCR besides, being valuable in diagnosing it.
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1.Introduction: risk of congenital toxoplasmosis of a fetus may be
Primary maternal infection during pregnancy is undetected because the pregnant mother might test
frequently associated with transmission of 7.gondii to negative during the active phase of 7.gondii infection.
the fetus. Transplacental transmission of 7. gondii may Several PCR — based techniques (Lee et al., 1999 and
lead to severe congenital infection including abortion Pujol-Rique et al., 1999) which have been developed
(Zargar et al, 1999, Vado-Solis et al., 2013 and for the diagnosis of Toxoplasma using various clinical
Gebremedhin et al., 2013), fetal death, or neurological specimens, including amniotic fluid (Romand et al.,
or ocular damage of the fetus (Tenter et al ., 2000). 2004 and Schaefer et al., 2011), blood (Bergstrom et
Neonatal loss or congenital defects depending on the al., 1998, Joss et al,1999 and Bin Dajem &
stage of gestation when the infection occurs (Dubey Almushait, 2012), cerebrospinal fluid (Roberts et al.,
and Beattie, 1988). Early maternal infections are less 2001), and tissue biopsy (Su et al., 2010). Among
likely to result in congenital infection but the sequelae these techniques, nested PCR followed by
are more severe, maternal infection occurs in the latter hybridization of PCR products has been the most
half of pregnancy is more common, but fetal injury is sensitive method. The present study aimed to assess
usually less severe (Gange, 2001). the use of PCR and compare it with ELISA for
Although serological testing has been one of the detection of Toxoplasma recent infections in sera of
major diagnostic techniques for toxoplasmosis, it has pregnant women.
many disadvantages, for example, it may fail to detect
specific anti-toxoplasma immunoglobulin G (IgG) or 2. Material and Methods
IgM during the active phase of T.gondii infection, Type of study: case control study.
because these antibodies may not be produced until Study design:

after several weeks of parasitemia. Therefore the high
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This study was carried out during the period from
November 2011 to November 2012 all of the
laboratory techniques were performed in Parasitology
and Microbiology Departments, Faculty of Medicine,
Zagazig University.

This study was carried out on 130 pregnant
women ranging in age froml7- 38 years which
selected randomly from patients attending Outpatient
Clinics of the Obstetric & Gynecology Department at
Zagazig University Hospital. These women were
divided into 2 groups, control group of 30 healthy
pregnant women and case group of 100 complicated
pregnancy states had to fulfill one of the following
criteria; Women with repeated abortion (> two times),
Premature delivery, Congenial anomaly, Intrauterine
fetal death (IUFD), Still birth (S.B). These data were
obtained from the pregnant women who were
interviewed using a structured questionnaire.
Demographic and other relevant information were
recorded for each woman. For ELISA and PCR
techniques, 10 ml of venous blood were collected from
each participant in the study. Each blood sample was
divided into two tubes, one heparinized tube were used
for PCR and the second one serum for ELISA.
Detection of Toxoplasma (IgG, IgM) by ELISA
technique according to Turunen ez al. (1983).
Principle of ELISA test

The test is based on the passive adsorption of the
soluble antigen on the surface of a solid phase
polystyrene 96 wells microtitration plates. The
addition of the serum containing specific antibodies
results in formation of specific antigen antibody
complex fixed to the plates. Enzyme could be coupled
to antigen antibody complex by adding antibodies
against the specific immunoglobulin labeled with
enzyme. Quantity of the enzyme linked to antigen —
antibody complex could be measured through its effect
on the specific substrate that gave color proportional
to enzyme activity.

Detection of anti- Toxoplasma IgG & IgM in
sera was done using commercially available ELISA-
kit: IgG& IgM Antibody — Pishtaz Teb Diagnostics -
MA Toxoplasma 1gG& 1gM 48 01, Catalogue No.
PT- Toxoplasma —1gG& 1gM -48. Iran).

Detection of Toxoplasma DNA by PCR technique
according to Grover and Thulliez (1990).

DNA extraction

PCR amplifications:

Isolation of DNA.

DNA was isolated from blood samples using a
commercial purification system (Wizard Genomic
DNA Purification Kit; Intron Biotechnology, Inc.
(Korea). following the manufacturer’s instructions for
DNA purification from blood. Final pellets were
resuspended in 30 pL of TE buffer (10 mM Tris, 1
mM EDTA, pH 7.2) and stored at —20°C until used.
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The PCR was performed on all DNA samples to
amplify a fragment from the B1 gene, which is present
in 35 copies and is conserved in the 7. gondii genome,
as described by Burg et al. (1989).

The primers used in the round of the PCR were
(' -CCG CCT CCT TCG TCC GTC GTA -3"), and
(5'- TGA AGA GGA AAC AGG TGG TCG -3,
which correspond to nucleotides 694-714 and 887-
868, respectively at 193 bp.

Three microliters of template DNA were added
to a final volume of 50 uL of PCR mixture consisting
of 5 uL of 10x PCR buffer (50 mM Tris-HCI, pH 9.1,
3.5 mM MgCI2), 8 uL of 1.25 mM deoxynucleoside
triphosphates, 0.5 pL of Tag DNA polymerase [5
units/puL], and 1.5 pL (20 pmol) of each primers. The
amplification was performed in Biometra T Gradient
thermal cycler PCR. The cycling conditions for PCR
were 95°C for 10 minutes, followed by 30 cycles at
94°C for one minute, 55°C for one minute and 75°C
for one minute, and a final extension at 72°C for five
minutes.

DNA extracted from RH strain of 7. gondii from
the collection of the Service de Parasitologie-
Mycologie (Grenoble, France) was used as a positive
control. The PCR mixture without DNA and with
DNAase-free water were used as negative controls to
monitor for cross-contaminations.

Controls were loaded last to avoid contamination
of the sample. To ensure the reliability of the results
and detect any possible contamination, all samples
were processed in duplicate. The test result was
considered positive if the amplified DNA fragment
was clearly visible in both samples.

Five microliters of the PCR product were subjected to
electrophoresis on a 2% agarose gel stained with
ethidium bromide and visualized using
transilluminator (Burg et al., 1989).

Ethical consideration:

Ethical approval was obtained from the
Committee of Research, Publications and Ethics of the
college of Medicine, Zagazig University, Egypt. All
procedures were explained to patients in the local
language, and written or thumb-printed informed
consent was obtained.

Statistical analysis:

All data were subjected to statistical analysis
using SPSS win statistical package version 11 using
Chi-square test to examine the relation between
qualitative variables. Significance was defined as P <
0.05.

3.Results:
The results are presented in the following
tables and figures.
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Table (1): Demographic data of the subjects included in the study.

Parameter Cases (n=100) Control (n=30)
Contact with soil

Yes 77 16

No 23 14
Contact with cats

Yes 26 7

No 74 23

Table (2): Results of ELISA anti-Toxoplasma (IgG) among tested groups.

Serum IgG - ELISA Cases Control
No. % No. %
. Positive 62 47.7) 5 3.8)
. Negative 38 (29.3) 25 (19.2)
P <0.01
Chi-square test used
Table (3): The Results of ELISA anti-Toxoplasma (IgM) among tested groups.
high risk cases Control
Serum IgM ELISA No. % No. %
. Positive 47 (36. 15) 2 1.5)
. Negative 53 (40.7) 28 (21.5)
P <0.01
Chi- square test used
Table (4): Comparison between results of ELISA (IgM) and (IgG) among high risk cases.
IgM -ELISA (IgM) (IgM)
IgG-ELISA Positive Negative Total
Positive 23 24 47
Negative 39 14 53
Total 62 38 100
P <0.01
Table (5): Results of PCR technique among tested groups.
High risk cases Control
Serum PCR No. % No. %
. Positive 73 (56.1) 0
. Negative 27 (20.8) 30 (23.1)
Total 130
P <0.01
Chi- square test used
Table (6) accuracy of ELISA IgG compared to PCR:
PCR +ve -ve Sensitivity Specificity PPV NPV Accuracy
IgG (n=73) (n=27) (%) (%) (%) (%) (%)
Positive (n=62) 52 10 71.2 63 83.8 44.7 69
Negative (n=38) 21 17
Table (7) accuracy of ELISA IgM compared to PCR:
PCR +ve -ve Sensitivity Specificity PPV NPV Accuracy

IgM (n=73) (n=27) (%) (%) (%) (%) (%)
Positive (n=47) 40 7
Negative (n=53) | 33 20 54.7 74.1 85.1 37.7 60

Sensitivity (%) = TP/ (TP+FN) x 100 and specificity (%) = TN/ (TN+FP) x 100 (TP: true positive, FN: false negative, TN: true
negative and FP: false positive values). The positive predictive value of a diagnostic test is the proportion of total positive test
results that are true positives. The negative predictive value of a diagnostic test is the proportion of total negative results that are
true negatives. These were calculated using the following formulas: positive predictive value (%) = TP/ (TP+FP) x 100 and
negative predictive value (%) = TN/ (TN+FN) x 100. Accuracy were also calculated as the accuracy%= (TP+ TN)/ all cases

examined x 100.
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Fig (1): ELISA and PCR result among high risk cases
in relation to contact with soil.
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Fig (2): ELISA and PCR result among high risk cases
in relation to contact with cats.

4.Discussion
Toxoplasmosis caused by Toxoplasma gondii is
usually asymptomatic in immunocomptent

individuals; however, it may cause severe disorders in
immunocomprimised patients and in the pregnant
women because of the higher risk of transplacental
transmission and the occurrence of multiple congenital
lesions in the fetus (Foulon and Villena, 1999).

A rapid and accurate diagnosis is required in
order to start the relatively efficient antiparasitic
treatment and to prevent the risk assessment of fetal
transmission of infections (Bastion, 2002).

Although the diagnosis of patients with
toxoplasmosis has been faced by a number of
problems, the most frequent challenge encountered by
physicians all over the world is how to determine if
pregnant women essentially are not at risk to get
infected infants unless they are immunocompromised
(Shin et al., 2009).

The high prevalence and lifelong persistence of
anti-Toxoplasma IgG antibodies among healthy
individuals in many geographical areas prevent their
use to reflect the recent infection (Remington and
Joes, 2004). Another problem is the frequent lack of
reliability when anti-Toxoplasma IgM antibodies test
results are used to discriminate between recent and
distant infection. In addition, there is lack of quality
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control, specificity or sensitivity of many commercial
serologic test kits in the market (Shin ez al., 2009).

Physicians, responsible for care of pregnant
women are confused when faced with conflicting
results. This often leads to incorrect information being
provided by the laboratories to the physicians as well
as by the physicians to their patients. In recent years, a
major effort has been made toward improving the
ability to detect recently acquired infection in the
pregnant women and congenital infection in the fetus
and newborn by using PCR (Montoya, 2002).

In the present work 100 cases of complicated
pregnancies were selected as highly suspected cases of
toxoplasmosis. Their demographic data were
represented in (Table 1) as 77 women of the high risk
cases were in contact with soil, 31 cases were eating
undercooked meat and 26 of them were in contact with
cats.

The ideal situation for the diagnosis of recent T.
gondii infection in pregnancy depends on having an
antibody-negative serum sample collected at the
beginning of pregnancy or before conception but this
is usually not possible. Usually, the first serum sample
is taken at the first antenatal health care wvisit
confirming pregnancy which is usually between the
eighth and thirteenth weeks of gestation. The used
tests in antenatal screening should be able to
determine if the infection occurred after conception or
not (Vimerecati, 2000).

In the present study, ELISA anti-Toxoplasma
IgG was positive in 62 % cases of complicated
pregnancy group and it is statistically highly
significant in relation to 5 cases in the control group
(P < 0.01) (Table 2). This result agrees with
Markovich et al. (2013) who reported 60.4%
incidence  of IgG-positive cases. However,
Bouhamdan et al. (2010) demonstrated 67 %
incidence of IgG positive cases in private laboratories
in their study.

Lower results of IgG-positive cases were
reported by many authors. Saeedi ef al (2007)
reported (48.3 %) and Galvan et al. (1995) reported
(44.9 %) in cases with abortions. Abu-Madi et al.
(2010), in Qatar, reported (35.1%) IgG positive results
in their study.

A lower incidence of IgG-positive cases had
been reported by other authors, In comparison to the
present results of anti- Toxoplasma IgG antibodies,
previous studies recorded lower incidence rates to be
0.8% in Korea (Song et al., 2005), 11% in U.S. (Jones
et al, 2007), 20.45% in Egypt (Maysa and
Awadallah, 2010). According to Icni and Kaya
(2009), they found a prevalence of (33.4%) with the
microparticle  enzyme  immunoassay (MEIA).
Moreover, Khurana ef al. (2010) reported only
(15.13%) in uncomplicated screened pregnant women
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using IgG-avidity. These different results may be due
to different environmental and hygienic conditions
which may play a role in epidemiology of
toxoplasmosis. The discrepancy between their results
and ours may be also due to the use of different
immunoassay tests.

Jenum et al. (1997) reported that, the best
serological means of diagnosis of acute acquired
toxoplasmosis is by using ELISA- anti Toxoplasma
(IgM) test. Generally, most clinicians determine an
active Toxoplasma-IgM antibodies or by detecting a
threefold increase in IgG antibodies in pregnant
women during the first trimester. However, relying
only on IgM or IgG test to detect an acute infection
may results in unnecessary interventions in pregnant
women (Igbal, 2007).

In our study, out of 100 patients with
complicated pregnancy cases, 47 % were positive by
ELISA- IgM test which was statistically highly
significant result in relation to two positive cases in
the control group (P < 0.01) (table 3). This result was
in agreement with that recorded by, De Paschale e al.
(2008) who reported 45.89 % in a study in Italy. Swai
and Schoonman (2009) reported 46% seropositive
cases in Tanzania.

Higher results were obtained by Wilson (1997)
who recorded 77.5% positive IgM cases by using
Toxo-IgM kit in a study on IgG positive cases.

Lower result was recorded by Galvan et al
(1995) who found 33.4 % IgM positive result in cases
of repeated abortions. Lower incidence (19.3%) was
reported also by Gebremedhin e al (2013) in
Ethiopia. Abdel-Hameed and Hassanien (2004)
reported that 13.2% of their patients were positive for
ELISA- IgM. This difference is attributed mainly to
the type of selection of the studied samples; most of
the previous studies were performed on uncomplicated
cases.

The present study was performed to highlight the
possible role of PCR test in the accurate diagnosis of
toxoplasmosis where infection was suspected in
complicated pregnancy states. Romand et al. (2004)
concluded that, the PCR protocol appears to be the
most sensitive protocol in the detection of 7. gondii
DNA. The high sensitivity combined with the high
specificity offered by PCR led us to investigate the
presence of the 7. gondii genome in the blood of
pregnant women suspected to be infected with this
parasite.

In this study, out of 130 pregnant women, PCR
detected 7. gondii DNA in 73 (56.1%) cases, while all
pregnant women in the control group were negative by
PCR (Table 4). In agreement to our results, Higa et al.
(2010), reported (47.2%) of blood samples were
positive PCR. On the other hand, Nimri et al. (2004),
who used nested PCR on cases of repeated abortions,
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recorded only (13.5%) positive cases of PCR but they
gave similar results of negative PCR of the all control
subjects.

Some authors evaluated different techniques in
the diagnosis of toxoplasmic encephalitis included
detection of antibodies, circulating antigens and
parasite DNA by PCR. Menotti (2010) concluded
that, the detection of 7. gondii DNA by PCR was the
most useful test especially in untreated patients with a
sensitivity of 81%.

Using PCR analysis to detect Toxoplasma DNA
to confirm the recent infection represents an additional
confirmatory method in IgM-positive or IgM-negative
women. Moreover, the use of PCR decreases the need
for follow-up sera and for unnecessary therapeutic
intervention in pregnant women (Igbal, 2007)

Previous studies have documented that PCR can
actually detect 7. gondii in blood samples of women
before or during pregnancy. Wahab et al (2010)
concluded that, the detection of 7. gondii DNA by
PCR amplification has advantages over other methods.
Their results showed that a single 7. gondii parasite
could be directly detected by PCR using the 35- fold-
repetitive B1 gene as target for amplification.

Among the factors influencing the PCR outcome,
the choice of the DNA target is generally considered
essential (Reischl ez al., 2003). Few DNA target loci
have been described for Toxoplasms PCR. But more
than 25 different primer pairs have been used in
different assays, most of them targeting the repetitive
35-copy-number Bl gene (Buchbinder et al, 2003)
which already had been used in this work.

In the present work, by comparing the IgG-
ELISA results with serum PCR we found that, among
62 positive samples by IgG -ELISA, only 52 samples
were positive by PCR and the remaining 10 samples
were negative (table 6).On the other hand, out of 38
samples negative by IgG-ELISA, 21 were positive by
PCR. So, PCR test detect more positive cases than
IgG-ELISA. In relation to PCR, IgG-ELISA had
sensitivity of 71.2 % and specificity of 63 %.

Remington and Klein (1995) concluded that
IgG ELISA may give false positive result. The
explanation of this is that IgG antibodies usually
appear within 1-2 weeks of infection, peak within 1-2
months, declined at various rates and usually persist
for life. IgM antibodies may appear earlier and decline
more rapidly than IgG antibodies. Also, Press et al.
(2005) recorded that the presence of IgG and IgM
Toxoplasma antibodies in a single serum sample
drawn during gestation can't be used to define whether
the infection was recently acquired or chronic.

According to these results, in comparison of IgM
ELISA results and PCR we detected that, out of 47
cases positive by IgM ELISA, only 40 were positive
by PCR and the remaining 7 were negative. This
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suggests that the 40 positive cases by both the IgM
ELISA and PCR are recent infections (table 7). The
cause of the previous complicated pregnancy outcomes
in these women was not clear, andit cannot be related
to previous maternal Toxoplasma infections.

In the present work, true- positive IgM antibody
test results were in 40 cases while seven cases were
false positive for this test (Table 7). False-positive
ELSA_ IgM results have been reported by other
investigators (Howe and Sibley 1995). In addition,
even true positive results must be interpreted with
caution because IgM antibodies may persist for more
than one year after acute infection The use of
appropriate conjugate to measure only IgM antibodies
to T. gondii has increased the sensitivity and
specificity of the test (Gras et al., 2004). The false
positive IgM results may be due to rheumatoid factor
or antinuclear antibodies (Liesenfeld er al, 2001).
Also, some authors reported that, IgM antibodies
could be detected as long as 12 years after the acute
infection (Bobi¢ et al, 1991).

In the present study, in relation to PCR, IgM-
ELISA test had a sensitivity of 54.7 % and a
specificity of 74.1 % (Table 7). Nearly, the same
sensitivity of IgM was reported by Pinon et al. (2001)
that have proved poor sensitivity (54 %) of IgM
detection. In agreement of our results, Beaman et al.
(1994) concluded that, the presence of IgM was poor
indicator of primary infection.

Lower results were reported by other authors.
Abu-Madi et al. (2010) compared IgM -ELISA with
PCR test, they reported that, PCR test was positive in
44% of cases in Qatar while IgM-ELISA was positive
only in 11% of cases. Ramadan et al. (2000) found
that, among children with malignancy, the incidence
of toxoplasmosis was estimated at 1.4% using IgM
ELISA, 8.2 % by IgG ELISA and 12.3 % by using
PCR.They concluded that, PCR was the most useful in
diagnosing toxoplasmosis with malignancy.

Abdel-Hameed and  Hassanein  (2004)
evaluated the semi quantitative PCR and ELISA-IgM
in the diagnosis of toxoplasmosis in females with
repeated abortions. They found Toxoplasma antibodies
in (35 %) of cases while PCR detected toxoplasmosis
in (38%). Furthermore the sensitivity of ELISA
compared to PCR was 81.75 % and specificity was
93.5%.These results were in agreement of our results.
Bin Dagem (2012) reported Toxoplasma DNA in
(41%) of pregnant women by nested PCR. IgM-
ELISA assay detected 9 (6.5%) of these cases. The
results of IgG detection were positive in 53 (38.6%) of
the patients.

Other investigators evaluate using Western blot
for diagnosis of toxoplasmosis in maternal serum.
Western blot proved (86.9%) sensitivity and its
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specificity were 96.1% when this test was used with
ELISA (Pinon et al., 2001).

Also, Peng et al. (2011) reported that, although
serological testing has been one of the major
diagnostic techniques for toxoplasmosis, it has many
limitations. For example, it may fail to detect specific
anti- Toxoplasma 1gG or IgM during the active phase
of T.gondii infection because these antibodies may not
be produced until after several weeks of parasitemia.
Therefore, the high risk of congenital toxoplasmosis of
fetus may be undetected because the pregnant mother
might test negative during the active phase of 7.gondii
infection.

Moreover, serological tests may fail to detect
T.gondii infection in certain immunocompromised
patients due to the fact that, the titers of specific anti-
Toxoplasma 1gG or IgM may fail to rise in this type of
patients (Robert et al., 2001).

James et al. (1996) speculated that, serological
investigations is time consuming and may lack
sensitivity. Also, PCR produces more positive
reactions than isolation of the parasite by means of cell
culture or animal inoculation. Similar conclusions
were reported by Franck et al. (2001). They
concluded that, PCR was more sensitive, more specific
and rapid than animal culture and no cross reactions
were observed in samples containing various
opportunistic pathogens.

In the present work, the relation of the results of
the diagnostic tests and the risk factors were recorded.
The risk factor strongly associated with acute infection
in the positive cases was the direct contact with soil
(Figure 1). The same result was reported by Pinon et
al. 2001. Also, Lebech and Peterson (1992) found
higher incidence in villages than in cities. These
results due to that in the rural areas there are more
environmental  pollution, poor hygiene, low
socioeconomic condition and high humidity that might
be responsible for oocyte transmission.

Moreover, in the present study, PCR-positive
results were in 20(77%) cases of women who were in
contact with cats (Figure 2). Higa (2010) in Barazil
reported that cat contact was significant risk factor for
infection for toxoplasma in pregnant women.
However, Ennegro et al (2013) reported that
contact with cats was found to be not associated with
seropositivity  of  toxoplasmosis.The difference
between them and our results referred to the difference
of the environmental factors that affect the
epidemiology of toxoplasmosis.

Romand et al. (2004) reported that it is likely
that the use of real- time PCR, especially on amniotic
fluid, will result in a decrease in the laboratory
variations observed with the conventional three-stage
PCR. In addition, real-time PCR can be used to
estimate the concentration of parasites in amniotic
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fluid, which may be helpful for physicians to assess
neonatal outcome (i.e., maternal infections acquired
before 20 weeks with a parasite of load of >100/ml of
amniotic fluid to have the highest risk of severe fetal
outcome.

Cresti et al. (2001) reported that the PCR of
urine or any body fluid may be valuable in diagnosing
congenital toxoplasmosis. The clearance time for
Toxoplasma DNA from the blood of patients with
acute toxoplasmosic lymphadenopathy was estimated
to be 5.5-13 weeks. Based on this, the presence of
Toxoplasma DNA in the maternal blood most
probably indicates a recent infection or an indicator of
apparent parasitemia, which is likely to be clinically
significant (Igbal, 2007).

Serological assays of serial blood samples from
acutely infected pregnant women were insufficient for
identifying Toxoplasma infection in early pregnancy
because some acute infections will not be detected
(Jenum et al, 1997). Also, some women will be
falsely identified as being infected and undergo
unnecessary diagnostic amniocentesis and antiparasitic
treatment (Liesenfeld ez al, 2001). So, PCR is a good
confirmatory assay in addition to serological assays to
detect recent infection and we recommend national
implantation of these molecular diagnostic tools.

The patient's physicians must be informed of the
test results to offer treatment to the PCR- positive
cases to prevent congenital infection and to suggest
follow up of the fetuses.

Author contribution: R L El Gamal shared in
the study design and research topics. M A Selim
shared in the study design, initiated the research idea
and reviewed the manuscript. S MA Mohamed, GM
Fathy &S A Abdel Rahmanshared in performing the
laboratory work, interpretation of the results and
collecting references, and wrote the manuscript.

References

1. Abdel-Hameed DM, Hassanein OM. Evaluation
of semi-quantitative PCR, IgG and IgM ELISA
in diagnosis of toxoplasmosis in females with
miscarriage. J Egypt Soc Parasitol. 2004; 34(2):
559-570.

2. Abdel-Hameed DM, Hassanein OM. Genotyping
of Toxoplasma gondii strains from female
patients with toxoplasmosis. J Egypt Soc
Parasitol. 2008; 38: 511-520.

3. Abu-Madi MA, Behnke JM and Dabritz HA.
Toxoplasma gondii  seropositivity and co-
infection with TORCH pathogens in high-risk
patients from Qatar. Am J Trop Med Hyg. 2010;
82(4): 626-633.

4. Bastion P. Molecular diagnosis of toxoplasmosis.
Trans. R. Soc. Trop. Med. Hyg. 2002; 96: 205-
215

830

10.

11.

12.

13.

14.

15.

16.

17.

Beaman M, Hunter C, Remington .
Enhancement of intracellular replication of T.
gondii by IL-6. Interaction with IFN-y and TNF-
a. J Immunol. 1994; 153 (10): 4583-4587.
Bergstrom T, Ricksten A, Nenonen N,
Lichtenstein M, Olofsson S. congenital
Toxoplasma gondii infection diagnosed by PCR
amplification of peripheral mononuclear blood
cells from a child and mother. Scand J. Infect.
Dis. 1998; 30: 202-204.

Bin Dagem SM. Detection of Toxoplasma gondii
DNA by PCR in blood samples collected from
pregnant Saudi women from the Aseer region,
Saudi Arabia. Ann Saudi Med. 2012; 32(5):507-
12.

Bobic' B, Sibalic D, Djurkovic D. High levels of
IgM antibodies specific for Toxoplasma gondii in
pregnancy 12 years after primary Toxoplasma
infection. Case report. Gynecol Obstet Invest.
1991; 31(3): 182-184.

Bouhamdan S, Bitar L, Saghir H, Bayan A, Araj
G. Seroprevalence of Toxopasma antibodies
among individuals tested at hospitals and private
laboratories in Beirut. J Med Liban. 2010; 58(1):
8-11.

Buchbinder S, Blatz RS, Rodloff C. Comparison
of real-time PCR detection methods for Bland
P30 genes of Toxoplasma gondii. Diagn
Microbiol Infect Dis. 2003; 45: 269-271.

Burg JL, Grover CM, Poulety P, Boothroyd JC.
Direct and sensitive detection of a pathogenic
protozoan, Toxoplasma gondii by polymerase
chain reaction. J. Clin. Microbiol. 1989; 27:
1787-1792.

Cresti S, Ciacci C, Donatti E, Giordano I, Tordini
G, Barberi A. Evaluation of PCR methods for
5S-Rdna AND p30 GENES TO DETECT
Toxoplasma gondii in blood and other clinical
samples. New Microbiol 2001; 24(2): 171-4.

De Paschale M, Agrappi C, Belvisi L, Vigano F.
Revision of the positive predictive value of IgM
anti-Toxoplasma antibodies as an index of recent
infection. New Microbiol. 2008; 31(1): 105-11.
Dubey JP and Beattie CP. Toxoplasmosis of
animals and Man. Baca Raton, Florida. 1988; 52.
Ennegro S, Kaouech E, Belhadj S, Chaker E.
Risk factors for Toxoplasma gondii and immune
status of pregnant women: cause and effect.
Tunis Med. 2013; 91(3): 188-90.

Foulon W, Villena I, Strav-Petersen B et al
Treatment of toxoplasmosis during pregnancy: a
multicenter study of impact on fetal transmission
and children's sequel at age 1 year. Am J Obstet
Gynecol 1999; 180: 410-415.

Frank J, Romand S, Wallon M, Thulliez P,
Peyron F, Dumon H. Prenatal diagnosis using



Journal of American Science 2013;9(12)

http://www.jofamericanscience.org

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

polymerase chain reaction on amniotic fluid for
congenital toxoplasmosis. J Obstet Gynecol.
2001; 97: 296-300.

Galvan R, Soto-Mancilla J, Velasco O, Perez M.
Incidence of anti-Toxoplasma antibodies in
women with high-risk pregnancy and habitual
abortions. Rev Soc Bras Med Trop. 1995; 28:
333-337.

Gange SS. Toxoplasmosis, prim care update
obstet Gynecol. 2001; 8: 122 — 126.
Gebremedhin EZ, Abebe AH, Tessema TS and
Tullu KD. Seroepidemiology of Toxoplasma
gondii infection in women of child-bearing age in
central Ethiopia. BMC Infect Dis. 2013;
26;13:101.

Gras L, Gilbert R, Wallon M, Peyron F, Cortina
M. Duration of the IgM response in women
acquiring Toxoplasma gondii during pregnancy:
implications for clinical practices and cross
sectional incidence studies. Epidemiol Infect.
2004; 132: 541-548..

Grover CM, Thulliez P. Rapid prenatal-diagnosis
of congenital Toxoplasma infection by using
polymerase chain-reaction and amniotic fluid. J
Clin Microbiol. 1990; 28: 2297-2301.

Higa T, Tsuneto L, Castilho-pelloso M. A
prospective  study of  Toxoplasma-positive
pregnant women in Southern Brazil: a health
alert. Trans R Soc Trop Med Hyg. 2010; 104(6):
400-405

Howe D, Sibley L. T. gondii: Analysis of
different laboratory stocks of the heterogeneity.
Exp Parasitol 1995; 78: 242-245.

Inci M, Kaya E. The investigation of Toxoplasma
gondii seropositivity in women in the Kayseri
province. Turkiye Parazitol Derg. 2009; 33(3):
191-94.

Igbal J. Detection of acute Toxoplasma gondii
infection in early pregnancy by IgG avidity and
PCR analysis. ] Med Microbiol. 2007; 56, 1495-
1499.

James G, Sintchenko V, Dickeson D, Gilbert G.
Comparison of cell culture, mouse inoculation
and PCR for detection of Toxoplasma gondii:
effects of storage conditions on sensitivity. J Clin
Microbiol. 1996; 34(6): 1572-5.

Jenum P, Stray P, Gundersen A. Improved
diagnosis of primary Toxoplasma gondii
infection in early pregnancy by determination of
antitoxoplasma immunoglobulin G Avidity J Clin
Microbiol. 1997; 35: 1972-1977.

Jones JL, Kruszon-Moran D, Sanders-Lewis K,
Wilson M. Toxoplasma gondii infection in the
United States, decline from the prior decade. Am.
J Trop Med Hyg. 2007; 77, 405-410.

831

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Joss Awl, chatterton JMW, Evans R, Ho—yen Do.
Toxoplasma polymerase chain reaction on
experimental blood samples. J. Med. Microbiol.
1999; 38:38 — 43.

Khurana S, Aggarwal A, Lyngdoh V, Shivapriya
A, Diddi K. Serological screening for antenatal
Toxoplasma infection in India. Indian J Med
Microbiol. 2010; 28(2): 143-6.

Lebech M, Petersen E. Neonatal screening for
congenital  toxoplasmosis in  Denmark:
presentation of the design of a prospective study.
Scand J Infect Dis. 1992; 84: 70-74.

Lee C, Mangan J, Holliman E, Butcher D.
Quantitation of Toxoplasma gondii DNA in a
competitive nested polymerase chain reaction. J.
Clin. Pathol. 1999; 52:61-64.

Liesenfeld O, Montoya J, Davis M, Brown B.
Confirmatory serologic testing for acute
toxoplasmosis and rate of induced abortions
among women reported to have positive
Toxoplasma immunoglobulin M antibody titers.
Am J Obstet Gynecol. 2001; 184: 140-145.
Markovich M, Bassal R, Cohen D, Rorman E.
Seroepidmiology of Toxoplasma gondii infection
in the Israeli population. Epidemiol Infect. 2013;
15: 1-7.

Maysa, Al, Awadallah. Endoparasites of
Zoonotic Importance. Global Veterinaria. 2010; 5
(6), 348-355.

Menotti J. Evaluation of a new 5'-nuclease real-
time PCR assay targeting the Toxoplasma gondii
AF146527 genomic repeat. Clin. Microbiol.
Infect. 2010; 16: 363-368.

Montoya JG. Laboratory diagnosis  of
Toxoplasma gondii infection and toxoplasmosis.
J. Infect. Dis. 2002; 185:S73-82.

Nimri L, Pelloux H, El-khatib L. Detection of
Toxoplasma gondii DNA and specific antibodies
in high-risk pregnant women. Am. J. Trop. Med.
Hyg. 2004; 71(6) 831-835.

Peng Z, Zhaoguo C, Hai L, Haihong Z, Shenyi
H, Rui L, Xing Z. Toxoplasmsa gondii infection
in humans in China. Clin Exp Immunol. 2011;
91: 282-6.

Pinon J, Dumon C, Chemla J, Lebech J, Zufferey
H, Bessieres P, Marty R, Candolfi E. Strategy for
diagnosis  of  congenital  toxoplasmosis:
evaluation of methods comparing mothers and
newborns and standard methods for postnatal
detection of immunoglobulin G, M and A
antibodies. J Clin Microbiol. 2001; 39(6): 2267-
2271.

Press C, Montoya JG, Remington JS. Use of a
single serum sample for diagnosis of acute
toxoplasmosis in pregnant women and other
adults. J Clin Microbiol. 2005; 43: 3481-3483.



Journal of American Science 2013;9(12)

http://www.jofamericanscience.org

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Pujol-Rique M, Derouin F, Garcia-Quintanilla A,
Valls ME, Miro JM, Jimenez de Anta MT.
Design of a one. tube hemi — nested PCR for
detection of T. gondii and comparsion of three
DNA purification methods. J. Med. Microbiol.
1999; 48: 857-862.

Ramadan N, Latif M, Aaty H. Diagnosis of
toxoplasmosis in children with malignancy. J
Egypt Soc Parasitol. 2000; 30(2): 523-536.
Reischl U, Bretagne D, Kruger P, Costa M.
Comparison of two DNA targets for the
diagnosis of toxoplasmosis by real-time PCR
using fluorescence resonance energy transfer
hybridization probes. BMC Infect Dis. 2003; 3:
7-15.

Remington J, Joes G. Recent Developments for
Diagnosis of Toxoplasmosis. J Clin Microbiol.
2004; 42(3): 941-945.

Remington J, Klein J. Toxoplasmosis In:
Infectious Disease of the fetus and Newborn
Infant. Appl Parasitol. 1995; 35(1): 1-7.

Robert A, Hedman K, Luyasu V. Multicenter
evaluation of strategies fo serodiagnosis of
primary infection with Toxoplasma gondii. Eur J
Microbiol Infect Dis. 2001; 20: 467-474.
Romand S, Chosson M, Franck J. Usefulness of
quantitative polymerase chain reaction in
amniotic fluid as early prognostic marker of fetal
infection with Toxoplasma gondii. Am. J. Obstet.
Gynecol. 2004; 190:797.802.

Romand S, Chosson M, Franck J. Usefulness of
quantitative polymerase chain reaction in
amniotic fluid as early prognostic marker of fetal
infection with Toxoplasma gondii. Am J Obstet
Gynecol. 2004; 190: 797-802.

Saeedi M, Veghari G, Marjani A.
Seroepidemiologic evaluation of anti-foxoplasma
antibodies among women in north of Iran Pak J
Biol Sci. 2007; 10(14): 2359-62.

Schaefer E, Patrick H, Jean-Marc C, Philippe T.
Prenatal Diagnosis of Congenital Toxoplasmosis
with a Polymerase-Chain Reaction Test on
Amniotic Fluid. N. Engl. J. Med. 2011; 331:695-
699.

Shin DW, Cha DY, Hua QI, Cha GH, Lee YH.
Seroprevalence of Toxoplasmsa gondii infection

12/11/2013

832

54.

55.

56.

57.

58.

59.

60.

61.

62.

and characteristics of seropositive patients in
general hospitals in Daejeon, Korea. Korean J
Parasitol. 2009; 47: 125-130.

Song KJ, Shin JC, Shin HJ, Nam HW.
Seroprevalence of toxoplasmosis in Korean
pregnant women. Korean Journal of Parasitology.
2005; 43, 69-71.

Su C, Shwab EK, Zhou P, Zhu XQ, Dubey JP.
Moving towards an integrated approach to

molecular detection and identification of
Toxoplasma  gondii.  Parasitology.  2010;
137(1):1-11.

Swai E, Schoonman L. Seroprevalence of

Toxoplasma gondii infection amongst residents
of Tanga District in north-east Tanzania.
Tanzania Journal of Health Research. 2009;
11(4): 205-209.

Tenter AM, Heckeroth AR, Weiss LM.
Toxoplasma gondii: from animal to humans. Int J
Parasitol 2000; 30: 1217-1258.

Turnen H, Vuorio K, Leinikki P. Determination
of IgG, IgM and IgA antibody responses in
human  toxoplasmosis by enzyme-linked
immunosorbent assay (ELISA). Scandinavian
Journal of Infectious Diseases. 1983; 15(3): 307-
311.

Vado-Solis IA, Suarez-Solis V, Jiménez-
Delgadillo B, Zavala-Velazquez. Toxoplasma
gondii Presence in Women with Spontaneous
Abortion in Yucatan, Mexico. J Parasitol. 2013;
99(2):383-5.

Vimercati A. Risk assessment of vertical
transmission of Toxoplasma infections. Acta
Biomed Ateneo Parmense. 2000; 71(1): 537-540.
Wahb T, Edvinsson B, Palm D, Lindh IJ.
Comparison of the AF146527 and Bl repeated
elements, two real-time PCR targetsused for
detection of Toxoplasma gondii. J Clin
Microbiol. 2010; 48: 591-592

Zargar AH, Wani Al, Masood SR, Laway BA,
Kakro DK, Thokar MA, Sofi BA, Bashir ML
Seroprevalence of Toxoplasmosis in women with
recurrent abortions / neonatal deaths and its
treatment outcome. Indian J. Pathol. Microbiol.
1999; 42: 384 — 486.



