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Abstract: Diagnosis of recently acquired toxoplasmosis must be improved to avoid its risks during pregnancy. The 
present study was done to evaluate the using of quantitative real-time PCR assay (qRT-PCR) in diagnosis of recent 
toxoplasmosis, and compare it with avidity IgG ELISA test. This study was carried out on 120 pregnant women 
taken from women attending Outpatient Clinics of the Obstetrics & Gynecology Department at Zagazig University 
Hospital, ranging in age from 20- 38 years. These women were divided into two groups, a case group of 100 
complicated pregnancy and control group of 20 healthy pregnant women. IgM ELISA and Toxoplasma IgG avidity 
ELISA were performed and qRT-PCR technique was used to confirm the infection with T.gondii Fifty-one cases of 
the 100 complicated pregnancy women tested positive for IgM antibodies compared with 0% (none) in the normal 
control pregnancy group. While for avidity IgG antibodies, 29.1% of complicated pregnancy women tested positive 
compared with 1.6% positive IgG antibodies in the control group. Regarding qRT-PCR technique, (38cases) 31.6% 
of complicated pregnancy women and only one case from control group were positive for toxoplasmosis. The qRT-
PCR -assay provides a rapid, sensitive, automated and quantitative way of detecting Toxoplasma DNA. It can detect 
the infection very early and can be used also in follow up of the treatment. But, it is very expensive and needs 
technical skills. So routine application of PCR– based methods, especially in developing countries, is difficult. 
Serological tests especially IgG avidity test are good screening test, cost effective and can be used to exclude recent 
infection in pregnancy. 
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1. Introduction 

Toxoplasma gondii infection is widely spread in 
most countries either in human or animal (He et al., 
2016). It causes asymptomatic or milddisease. For 
many years, it was recognized as an infective agent 
that is responsible for congenital infection resulting in 
fetal abnormalities or even death (Soliman et al., 
2001), but also considered as a major pathogen of 
humans with HIV infection and organ transplant 
(Jones et al., 2009). Misdiagnoses of infection in a 
new born baby lead to ocular, hearing impairment, 
neurological symptoms or mental retardation in early 
childhood (Karczewski and Golab, 2011). Ocular 
toxoplasmosis is the major cause of infective uveitis 
(Tong and Lu, 2015). Early diagnosis of Toxoplasma 
gondii in pregnant women is very important in order 
to initiate early therapy or other interventions to fetus 
(Iqbal and Khalid, 2007). Prevention and control of 
toxoplasmosis based on vaccination is one of the 
promising strategies (Xu et al., 2015). Clinical 
features associated with toxoplasmosis are varied and 
nonspecific (Almushait et al., 2014). Detection of 
Toxoplasma parasite in clinical specimens is very 
difficult. Moreover, the diagnosis of toxoplasmosis 
depends mostly on immunological tests, especially 
IgG, IgM and IgA antibodies (Crucerescu and Lovin, 
2002). 

ELISA is the most widely used form for 
diagnosis of toxoplasmosis (Iddawela et al.,2015).In 
the past the diagnosis of recent infection depend on 
detection of specific IgM Antibodies but the detection 
of IgM cannot determine the actual time of 
toxoplasmosis as IgM antibodies may persist in the 
serum for long times after acute infection (Horvath et 
al., 2005). Anti-Toxoplasma IgG avidity test is a good 
test for differentiation between recent and past 
infection (Remington et al., 2004). The functional 
affinity of specific IgG antibodies can be measured by 
avidity test, which is low in early infection and 
increases during subsequent weeks and months by 
antigen-driven B cell selection. Dissociation of the 
antibody-antigen complex by Protein denaturing 
reagents, including urea, was performed. 
Determination of the avidity was done by comparison 
of curves of antibodies titre of treated sample and 
untreated one (Liesenfeld et al., 2001). Inimmunocom 
promised patient, serological tests cannot be used in 
detection of specific anti-Toxoplasma 
immunoglobulin G (IgG) or IgM during the active 
phase of infection, due to a severe dysfunction of 
immune system (O’Driscoll and Holliman, 1991). 

Polymerase chain reaction (PCR) is alternative 
method for diagnosis of toxoplasmosis as it was 
considered as rapid, qualitative, highly sensitive, 
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especially when nested PCR is used (Contini et al., 
1999). PCR based genotyping is also having a key role 
in epidemiological studies to identify of the source of 
T. Gondiiin fection. QuantitativeRT-PCR has been 
developed to detect and quantitate Toxoplasma gondii 
(Jauregui et al., 2001). The early diagnosis of 
toxoplasmosis can be depending on using qRT-PCR 
as it is a quantitative test and can be used for follow 
up of the treatment (Romand et al., 2004; Martino et 
al., 2005). The present study aimed to compare low 
avidity IgG and qRT-PCR for diagnosis of acute 
toxoplasmosis in pregnancy. 
 
2. Material and methods 
Study population 

This study was carried out during the period 
from October 2014 to October 2015, the techniques of 
the study were carried out in Parasitology Department 
and Molecular biology unit, Faculty of Medicine, 
Zagazig University. This study was carried out on 120 
pregnant women attending Outpatient Clinics of the 
Obstetrics & Gynecology Department at Zagazig 
University Hospital, ranging in age from 20- 38 years. 
These women were divided into 2 groups, case group 
of 100 complicated pregnancy states had one of the 
following criteria; women with repeated abortion 
(Congenial anomaly, Premature delivery, Still birth 
(S.B), Intrauterine fetal death (IUFD), some of them 
have previous history of Toxoplasma infection and 
control group of 20 healthy pregnant women. Other 
relevant and Demographic information were recorded 
for each woman. For PCR and ELISA techniques, 10 
ml of venous blood were collected from each woman 
included in the study. Each blood sample was divided 
into two tubes, one heparinized tube was used for PCR 
and the second one serum was stored at -20°C until 
used for ELISA. 
Type of study: case- control study. 
Detection of Toxoplasma IgM was done by ELISA 
technique according to Turunen et al. (1983). 
Principle of ELISA test 

Anti-Toxoplasma IgM antibodies were tested by 
commercial available enzyme-linked immunosorbent 
assay (ELISA, Pishtazteb-Iran), according to the 
manufacturer’s instructions, sera were diluted serially 
and added to the T.gondiiantigen-coated microtiter 
plate and then anti-human IgM antibodies conjugated 
was added. After incubation and washing, the 
chromogenic substrate was added, and the optical 
densities were read by means of an automated ELISA-
reader. 
Detection of Toxoplasma by IgG Avidity ELISA 
technique was done according to Hedman et al. 
(1993). 

A commercial ELISA kit for IgG avidity 
detection was used (Lab systems kit). For analyzing 

the serum sample, we made a duplicate row (row A 
and row B), 8 M urea was used to elute low-avidity 
antibodies from the Toxoplasma antigen. After 1 h 
incubation at 37°C, row A was washed three times, 5 
minutes each wash, with 8 M urea in phosphate-
buffered saline 0.05%. Row B was washed with the 
wash buffer provided by the kit manufacturer. The 
optical density of each well was read in a microtiter 
plate reader at 450nm against the differential 
wavelength of 600 nm. IgG avidity was calculated as 
the percentage of the row A titer and the row B titer 
and expressed as Avidity Index (%) = (OD of the 
sample treated with Urea / (OD of the sample treated 
without Urea) × 100. avidity was categorized into 
three groups: low avidity, lower than 40; high avidity, 
above 60; and border line, equal or lower than 60 and 
equal or higher than40. 
Detection of Toxoplasma DNA was done by qRT-
PCR technique according to (Delhaes et al., 2013). 

DNA was extracted from the whole blood 
samples of the study groups using a commercial 
purification system extraction kit (QIAamp DNA mini 
kit, QIAGEN Inc., Valencia, California, USA). 
 Detection of T.gondii B1 gene by qRT-PCR 

The forward primer (TOXO-F), reverse primer 
(TOXO-R), and Hybridization probe for real-time 
PCR amplification were designed with the Primer 
Express software (DT lit 4 Mx3005pReal Time PCR 
Systems) (Applied Biosystems, Foster City, 
California, USA) to specifically amplify the T.gondii 
B1 gene. The target DNA for real-time PCR 
amplification was the 35-fold repetitive B1 gene of the 
T.gondii RH strain (Burg et al., 1989). Template 
DNA was added to a reaction mixture containing 35 
ml of PCR master mix, 5 ml of the forward primer 
primers B1F1 (5’-CCGTTGGTTCCGCCT CCTTC-
3’) 5ml of the reverse primer and B1R1 (5’-
GCAAAACAGCGGCAG CGTCT-3’) and 5ml of 
probe (2mM, 6FAM- CTGTGCAACTTTG 
GTGTATTCGCAG-TAMRA) in a final volume of 50 
ml. The PCRs were performed with the Gen Amp ABI 
Prism®7500 Sequence Detection System (PE Applied 
Bio system). The cycle threshold value (CT), 
indicative of the quantity of target gene at which the 
fluorescence exceeds a present threshold. This 
threshold was defined as the standard deviation of the 
baseline fluorescent signal, where the negative 
samples not exceed a preset threshold. 

The Light Cycler software performs all additional 
calculation steps necessary for generation of a standard 
curve. A threshold band is automatically set at a 
fluorescence level, at which the fluorescence signal 
development reflects that the PCR is in the log-linear 
phase. The software then calculates the logarithmic 
values by interpolating a straight line through 2 data 
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points above the threshold value, and the points of 
intersection. 
Ethical consideration: 

The Committee of Research, Publications and 
Ethics of the college of Medicine, Zagazig University, 
Egypt gave the ethical approval for this study. All 
procedures were explained, and patients gave written 
or thumb-printed informed consent. 

Statistical analysis: 
All data were subjected to statistical analysis 

using SPSS statistical package version 19 using Chi-
square test to examine the relation between variables. 
 
3. Result: 

The results were tabulated and drawn as follow. 

 
 

Table (1): The Results of ELISA anti-Toxoplasma (IgM) among tested groups. 

Serum IgM ELISA high risk cases (100) Control (20) Total (120) 

No. % No. % No. % 

 Positive 
 Negative 

51 
49 

(42.5 ) 
(40.8) 

0 
20 

(0) 
(16.6) 

51 
69 

(42.5) 
(57.5) 

P  < 0.01   

 
Table (2): Comparison between results of ELISA (IgM) and IgG avidity test among tested groups. 

IgM –ELISA  
IgG-Avidity 

(IgM) (IgM) Total (120) 

Positive(51) Negative (69) 

Low 35 (29.1) 2(1.6) 37 (30.8) 
borderline 10 8 18 
High  6 59 65 

There is positive correlation between low IgG-Avidity and positive IgM and vice versa. 
 

Table (3): Results of qRT-PCRtechnique among tested groups. 

RT- PCR  High risk cases(100) Control(20) Total(120) 

No. % No. % No. % 

Positive 
Negative 

38 
62 

(31.6) 
(51.6) 

1 
19 

(0.83) 
(15.8) 

39 
81 

(32.5) 
(67.5) 

P < 0.01 

 
Table (4): Comparison between (ELISA) IgM and IgG-avidity results in the detection of recent toxoplasmosis 
according to RT- PCR results in Studied groups (n = 120 samples). 

(ELISA) RT- PCR  

IgG-avidity IgM PCR 

+ve(51) -ve(69) +ve(39) -ve(81) 
Low 37 35 2 37 0 
borderline 18 10 8 1 17 
High 65 6 59 1 64 

 
Table (5) Validity of ELISA IgG Avidity andRT- PCRin diagnosis of recent toxoplasmosis in comparison to 
IgM. 

IgM Sensitivity(%) Specificity(%) PPV(%) NPV(%) Accuracy(%) 

IgG Avidity 68.6 97.1 94.5 80.7 85 
RT-PCR 76 100 100 85.1 90 
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Fig.(1): Amplification plots Real-Time PCR show the positive and negative cases. 
 
 

Table (6) Ranking of the diagnostic procedures for diagnosis of recent toxoplasmosis. 

Techniques Ranking for the attributes 

 Sensitivity& Specifiity Time taken Cost Interpretation and use  Batch testing 

(ELISA) IgM 2 2 3 4 5 

IgG-avidity 3 2 3 4 5 

qRT-PCR 5 4 1 3 5 

 
 
4. Discussiondd 

The parasite, Toxoplasma gondii, affects about 
30% of the global human population (Hide 2016). 
Currently, the diagnosis of toxoplasmosis in Egypt 
depends mainly on detection of IgM, IgG by ELISA 
technique (Alsammani 2014).Diagnosis of recent 
toxoplasmosis may be difficult although the presence 
of many serologic techniques (Pour Abolghasem et 
al., 2011). In the current study, selection of 100 cases 
of complicated pregnancy and 20 of normal pregnant 
females as a control group were done. IgM was 

positive in 42.5 % in a complicated pregnancy group. 
Maternal toxoplasma infection is usually 
asymptomatic; and the presence of (IgM) antibodies 
suspects recent infection. But the presence of 
toxoplasma immunoglobulin (IgG) antibodies 
confirms past infection, IgM antibodies remain 
positive for long time after acute infection (Montoya 
and Liesenfeld 2004). Depending on IgM assay leads 
to false positive results which lead to improper 
diagnosis and treatment and causing many 
complications during pregnancy (Julliac et al., 2010). 

(-)Ve 

cases 
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Estimation of the time of infection of 
toxoplasmosis is very difficult, so a number of 
different methods have been used to determine 
toxoplasma IgG avidity to improve the diagnosis 
(Jenun et al., 1997). In the current study, avidity test is 
better than detection of IgM in diagnosing of recent 
infection. It showed 2 cases of low avidity IgG in IgM 
negative group. These finding were supported by other 
studies which stated that IgG avidity technique is a 
good test in excluding a recently toxoplasmosis in the-
positive sample of IgM (Emelia et al., 2014). Also 
Hashooshand Majeed (2014) stated that combination 
of IgG-avidity and ELISA IgG/IgM help in diagnosis 
of recent infection in pregnant women. The first 
method to differentiate between acute and chronic 
toxoplasmosisin the first trimester of pregnancy is IgG 
avidity test (Jenum et al., 1997; Pelloux et al., 1998). 
Diagnosis of affection of the mother by IgG avidity 
test and the foetus by multiplex nested PCR in the 
amniotic fluid was useful for diagnosis of a high risk 
pregnancy and subsequent avoiding congenital 
anomalies Hideto Yamada et al. (2011). The low IgG 
avidity may persist in the blood of infected females 
for about 5-14 months Petersen et al. (2005). On the 
other hand Gry Findal et al. (2015) reported that the 
IgG avidity method has a limited ability to diagnose 
the onset of acute infection, but the presence of high 
IgG avidity can exclude recent infection moreover, If 
no change in IgG avidity in early pregnancy and 
remains low and stable, there is low risk of affection 
of the mother and the foetus so the need for another 
test is needed. 

During recent years, accurate diagnosis of 
toxoplasmosis has been developed by detection of of 
ToxoplasmaDNA via different PCR techniques (Pujol-
Rique et al., 1999; Lee et al., 1999; Jones et al., 
2000). PCR technique is a good technique but 
conventional PCR showed many disadvantages. It is 
time-consuming and not provide quantitative data, 
nevertheless, conventional primers have shown lack of 
specificity (Kompalic-Cristo et al., 2004). 

In this study, qRT-PCR assaywas applied to 
detect Toxoplasma and, as a result, Toxoplasma DNA 
was detected in 39% of suspected blood samples. Real 
time - PCR can detect 37 cases out of 51 (+veIgM) 
and one case out of (-veIgM). This is in agreement 
with Costa et al., 2000 who reported that qRT- PCR 
can be used to follow up of the treatment and monitor 
its efficacy and can correlate the quantity of 
toxoplasma DNA with clinical symptoms. Also 
Edvinsson et al. (2005) demonstrated that qRT- PCR 
using the 529-bp repeat element of T. gondii can be 
used to detect low concentrations of T.gondii DNA. 
The low positivity of RT- PCR (32.5%)in comparison 
to the IgM positive samples (42.5%) with low 
sensitivity(76%) could be due to IgM can persist in 

the blood for a long time after acute infection in some 
patient Ho-Yen et al. (1992). 

In the current study, the multi-attribute 
evaluation method proved that in relation to time, 
qRT- PCR was the best test and this result is in 
accordance with Buchbinder et al., 2003; Simon et al., 
2004; Cassaing et al., 2006 who reported that qRT-
PCR take short time to obtain result. 

In the present study qRT-PCR was the only 
method able to detect one case from the control group, 
this may be due to the presence of low 
immunoglobulin at the time of sample examination 
due to the Toxoplasma infection was very early before 
the appearance of immunoglobulin or another 
explanation that those patients are immunocom 
promised, this result was in agreement with Hawraa et 
al., 2014.The specificity of qRT-PCR is 100% in our 
study so it considered a good negative test. 

 
In conclusion 

The qRT-PCR based method described in this 
study is a rapid, specific, sensitive, automated and 
quantitative way of detecting Toxoplasma especially 
very early infection and can be used in follow up of 
the treatment. However, it is costly and needs good 
trained personnel. So, routine application of PCR–
based methods is very difficult, Serological test 
especially avidity test is cost effective and can be used 
as screening test especially in developing country. 
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