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ABSTRACT

Background: Toxoplasma gondii infection during pregnancy can result in fetal death, neonatal death or various
congenital defects. This study aimed to estimate the seroprevalence of toxoplasma gondii infection using two different
diagnostic tests, Enzyme-Linked Immunosorbent Assay (ELISA) versus Immunochromatographic assay (ICA) and to
study the potential risk factors for acquiring infection in pregnant women attending antenatal care clinics in
Alexandria, Egypt.

Methods: A cross sectional study, conducted between May 2015 and June 2016. The study was done in antenatal care
centers of most districts of Alexandria Governorate, Egypt. 382 pregnhant women, of a gestational age between 8-40
weeks were included in the study and were given pretested structured questionnaire to assess risk factors, which
included: demographic, socio-economic data, Kitchen hygiene and behavioral variables. Blood samples were taken
and sera were divided into two parts; the first part was examined for anti-T.gondii 1gG and IgM antibodies using rapid
diagnostic test RDT Kit, the other part tested by ELISA.

Results: The overall seroprevalence of T.gondii infection was (11.3%) detected by RDT, significantly increased to
(57.9%) by ELISA test (X2= 5.3; p=0.001). RDT had the sensitivity of (15.8%), the specificity of (95%), PPV of
(81.4%), NPV of (45.1%), with overall diagnostic efficiency of (49.2%). The association between T.gondii infection
and the age of the pregnant women was found to be statistically significant (OR=2.84, 95%CI=1.251-6.455).
Conclusions: The present study has documented a bad diagnostic performance of RDT in detection T.gondii in serum
samples of infected pregnant women as compared to ELISA technique. Age is the only risk factor to be associated
statistically with toxoplasma gondii infection.
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INTRODUCTION

Toxoplasma gondii is an obligate intracellular protozoan
pathogen that causes a disease called toxoplasmosis. Its
medical importance remained unknown until 1939 when
T. gondii was identified in tissues of a congenitally
infected infant.> The life cycle of T. gondii was described
only in 1970, when it was discovered that its definitive

hosts are members of the family Felidae, including
domestic cats. Many warm-blooded animals including
humans, cats and birds serve as intermediate hosts.? The
main routes of transmission of T. gondii in humans are
ingestion of tissue cysts in undercooked or raw meat, or
ingestion of vegetable, water, milk or anything
contaminated with oocysts shed in feces of infected
animals, beside, through placental transmission to the
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fetus. Also, it may be transmitted by blood transfusion
and organ transplantation and may be through laboratory
accidents.®

It infects about 30% of the population worldwide.* The
incidence of infection in humans and animals may vary in
different parts of a country. The cause for these variations
may be due to environmental conditions, food behavioral
or anthropogenic, economic, social and cultural factors
(hygienic practices, dietary habits, and cooking methods)
as well as water quality and sanitation.

About 10-20% of those with an acute infection will have
enlarged lymph nodes in the cervical and inguinal region
as well as flu-like symptoms (fever, headache, muscle
pain).> Focal areas of necrosis may develop in many
organs. T. gondii does not produce a toxin; necrosis is
caused by intracellular multiplication of tachyzoites
which destroy the host cells.® The infection is generally
self-limited and the symptoms usually resolve in a few
weeks or months. T. gondii during pregnancy can result
in fetal death, neonatal death or various congenital
defects, e.g. hydrocephalus, central nervous system
abnormalities and chorioretinitis.” The severity of
congenital infection is inversely proportional to the
transmission rate. Hence maternal infection acquired in
the first trimester has a low transmission rate of 10-15 %
and a severe infection outcome, whereas in infection
during the third trimester, the transmission rate increases
to about 68% while severity of the infection outcome is
drastically reduced.®

In countries such as France, Austria, Brazil and
Columbia, in-depth studies on congenital transmission of
toxoplasmosis led to the formulation of policy to
routinely screen pregnant women as part of their
antenatal care and this has proven to greatly reduce the
rate of the congenital form of the disease.®

The objective of the study was to estimate the
seroprevalence of toxoplasma gondii infection using two
different diagnostic tests, Enzyme-Linked
Immunosorbent Assay (ELISA) Versus
Immunochromatographic assay (ICA) and to study the
potential risk factors for acquiring infection in pregnant
women attending antenatal care clinics in Alexandria,

Egypt.

METHODS

This cross -sectional study was approved by the Ethical
Review Committee of the High Institute of Public Health
(HIPH), Alexandria University. The required data and
blood samples were collected after a written informed
consent from all participating pregnant women. The study
was conducted between May 2015 and June 2016. The
study was done in some antenatal care centres of most
districts of Alexandria Governorate, its geographical
coordinates of 31° 12' N, 29° 55' E. The randomly
selected antenatal care centers were two centers in El-
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Ibrahimia and Moharem-Bey which belong to Alexandria
Family Planning Association (AFPA). In addition to the
health unit of Ezbet Danna and two private obstetrics
clinic in Ezbet Skina and in El-Asafra. Collected samples
were sent to Parasitology laboratory, Tropical Health
Department, HIPH, Alexandria University.

The sample size (n) was calculated using the statistical
formula:

n=22p (1-p)/d2

where n=sample size, Z=1.96 at 95% confidence interval
(CI), P is the expected prevalence (46.5%), and d is the
desired precision or margin of error (5%). The required
sample size was computed to be 382 pregnant
women, 101!

All participating 382 pregnant women, of a gestational
age between 8-40 weeks were a given pretested
structured questionnaire to assess risk factors, which
included: demographic, socio-economic data, kitchen
hygiene and behavioral variables. The questionnaire
included questions on age, place of residence, degree of
education, occupation and obstetric history (spontaneous
abortion, stillbirth, preterm delivery, and congenital
anomalies). Besides, the medical history, and relevant
clinical information as diabetes mellitus (DM),
hypertension, Lymphadenopathy, fever, rash, edema etc.
In addition, habits of consumption of under cooked meat,
exposure to cats (pet cat ownership) or other animals,
eating habits, and drinking water sources etc... Guidance
on T.gondii infection was provided with special emphasis
on ways of preventing infection.

From each participant about 4 ml. of venous blood were
drawn in plain, pre labeled, dry clean test tubes and
transported from antenatal care clinics to Parasitology
laboratory, HIPH. All samples were left to coagulate for
30 minutes, and then separated by centrifugation at 3000
rpm for 4 minutes to obtain sera. Sera were divided into
two parts; the first part was examined for anti- T.gondii
IgG and IgM antibodies using rapid diagnostic test RDT
kit (EUGENE TOXO IgG / IgM Rapid Test, Shanghai
Eugene Biotech Co., Ltd, China). The other part was
stored at -20° C till serological tests were done for anti
T.gondii 1gG and IgM antibodies using ELISA test kit
(Pre Check, Inc, USA). The two techniques were done
following the manufacturer’s instructions.

Interpretation of RDT results was through the absence of
any color in both IgM line (M) and 1gG line (G) indicates
that no IgG or IgM antibody to T. gondii is detected in
the specimen so the result is negative. Positive results:
IgG positive: two colored lines, the control line (C) and
IgG line (G) appear on the test strip. IgM positive: two
colored lines, the control line (C) and IgM line (M)
appear on the test strip.
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Calculation of results for ELISA, the O.D was read at 450
nm with a microwell reader. The cut-off O.D = 2.1x
negative control O.D. (if the O.D value of the negative
control was lower than 0.05, the calculation was done as
per 0.05; if the O.D value was more than 0.05, the
calculation was done using the actual data).

Positive: sample O.D >cut-off O.D. Negative: sample
0.D <cut-off O.D.

Statistical analysis

The data recorded in the questionnaire and laboratory
results were entered into the computer and analysed using
a statistical package SPSS (version 21). To test the
validity of RDT versus ELISA test as gold-standard,
Cohen’s Kappa Coefficient (k) with Kappa’s cut-offs was
used.’> Diagnostic accuracy tests were used which
included sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), discriminating
ability (DA), diagnostic efficiency and area under the
curve (AUC) in order to validate the predictors.

The associations between toxoplasmosis and possible risk
factors were tested with Chi-square test. The magnitude
of associations was assessed using odds ratios (OR) at
95%CI. Multivariate logistic regression model was used
to identify the explanatory variables among confounding
risk variables that would explain the occurrence of
toxoplasmosis. We used a backward stepwise selection
model to select factors with a p-value of less than 0.1 to
be fitted into the multivariate logistic regression analysis
(4), Factors with the p-value < less than or equal to 0.05
were considered to have a statistical significant
association with T.gondii infection.

RESULTS

The overall seroprevalence of T.gondii infection among
the pregnant women was (11.3%) detected by RDT,
significantly increased to (57.9%) by ELISA test (X2=
5.3; p=0.001) table (1). 19G (+ve) and IgM (-ve) which
indicate a previous exposure were (57.33%) and (11.3%)
among pregnant women by ELISA, and RDT
respectively. The positive result of both IgG and IgM

indicating primary infection or reactivation of chronic
infection which was (0.52%) has diagnosed by ELISA
only. The negative results for both IgG and IgM
indicating susceptible cases were (42.2%) and (88.7%) as
diagnosed by ELISA and RDT respectively.

The diagnostic parameters of RDT versus ELISA as
diagnostic gold standard showed that RDT had the
sensitivity of (15.8%), the specificity of (95%), PPV of
(81.4%), NPV of (45.1%), with overall diagnostic
efficiency of (49.2%). The DA was (26.5%) and AUC
was 0.554 table (2), fig (1).

Seroprevalence of T.gondii infection in relation to the
history of exposure to different risk factors of T.gondii
infection:.

Table 1: Seroprevalence of T.gondii infection among
pregnant women according to the diagnostic methods

used.
No No
(-ve) (+ve)
ELISA 161 221 57.9
RDT 339 43 11.3 5.3 0.001"

X? me = Mc-Nemar test; * Significant at p<0.05
In relation to sociodemographic characteristics

The age of the participants ranged between 17-44 years
with mean of 26.71+5.27years. The majority of
participants were of age category 25 — 34 years (51.8%),
followed by those aged between 15-24 years (38.7%).
The highest seroprevalence was among those aged
between 35-44 years (12.2%). The association between
T.gondii infection and the age of the pregnant women
was found to be statistically significant (OR=2.84,
95%ClI=1.251-6.455) i.e. the seroprevalence showed an
increasing pattern with increasing age group. Those of
age category between 35-44 years were 2.8 folds more
likely exposed to infection than those of age category
between 17-24 years.

Table 2: Diagnostic parameters of RDT versus ELISA.

Toxoplasma  49.2 15.8 95.0
by RDT (11.4-21.5)

(90.1-97.7)

81.4 45.1 265  0.554
(66.1-91.1)  (40.0-50.6)

PPV: Positive predictive value; NPV: Negative predictive value; DA: Discrimination ability; AUC: Area under the curve; RDT: Rapid

diagnostic test; Cl: Confidence intervals.
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With regard to occupation and level of education, the
association was not statistically significant. The
association between residences of the pregnant women
and sero-positivity was not statistically significant.

In relation to animal rearing factors

Only 5% of the infected pregnant women had cats in their
households. The majority of infected cases (90.9%) were

feeding their cats with table food. Also (54.5%) of them
were removing the cat’s feces without using gloves and
(12.5%) of them didn’t wash their hands after removing
the cat’s feces. Twenty six (11.8%) of seropositive
pregnant women were rearing other animals as birds
(chickens or ducks) in their households. There was no
significant relationship  between the sero-positive
pregnant women and animal rearing risk factors.

Table 3: Seroprevalence of T.gondii infection in relation to obstetric variables among the studied sample.

No. % No. %

Gestational age

First trimester 54 335 77 34.8
Second trimester ® 80 49.7 98 44.3
Third trimester 27 16.8 46 20.8
Total 161 100.0 221 100.0
Gravidity 55 34.2 60 27.1
Primigravidae ® 50 31.1 61 276
Secundigravidae 56 34.8 100 452
Multigravidae

Total 161 100.0 221 100.0
Parity

None ® 61 37.9 65 29.4
Once 49 304 68 30.8
Twice 35 21.7 52 23.5
Three or more 16 9.9 36 16.3
Total 161 100.0 221 100.0
History of abortion

None ® 138 85.7 170 76.9
Once 20 124 43 195
Twice 1 0.6 5 2.3
Three or more 2 1.2 3 1.4
Total 161 100.0 221 100.0
Previous babies with
anomalies

No ® 160 99.4 211 955
Yes 1 0.6 10 45
Total 161 100.0 221 100.0
History of underweight

babies

No ® 156 96.9 205 92.8
Yes 5 3.1 16 7.21

1414 0493  1.164
131(34.3%) 0.738-1.837
178(46.6% 2.751
73(19.1%) 0.795-2.433
382

4402 0.111
115(30.1%)
111(29.1% 1.118  0.663-1.887
156(40.8%) 1.637  1.002-2.674
382

4924 0177 1302 0.784-2.162
126 (33%) 1.394  0.802-2.424
117(30.6%) 2112  1.065-4.118
87(22.8%)
52(13.6%)
382

5.174
308(80.6%) MCp=
63(16.5%) 0.145 1.745 0.981-3.105
6(1.6%) 4.059  0.469-
5(1.3%) 1218 35.151
382 0.201-7.390
371(97.1%) 5.076 0.029° 7.583  1.061-
11(2.9%) 59.846
382
361(94.5%) 3.064 0.080 2435 0.873-6.791
21(5.5%)

x% Chi square test MC: Mont Carlo test OR: Odds ratio Cl: Confidence interval LL: Lower limit UL: Upper limit; *Statistically

significant at p <0.05.

In relation to Kitchen hygiene and ways of cooking

The majority of the seropositive pregnant women
(96.4%) were eating well done meat. Only (34.8%) were
eating raw vegetables outdoors. Most of them (98.6%)
were washing their vegetables before eating. The
percentage of the infected pregnant women who were
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washing vegetables before eating by using running tap
water was (37.6%) or rinse in the collected water was
(42.2%). Only (20.2%) of them were rinsing their
vegetables in water with vinegar.

Most of the infected pregnant women were washing their
hands and utensils before cooking (73.8% and 67.9%)
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respectively. About (68%) of the seropositive pregnant
women were washing the knives before cooking and
about (85%) of them using the same knife for cutting
vegetables and meat.

About (47%) of the seropositive pregnant women were
using a cutting board. Only (13.5%) of them were using
separate cutting board for cutting vegetables and meat.
The majority of infected participants (98.9%) were
washing the cutting board before use. About (67% and
69%) of the infected participants were consuming
processed meat and fresh milk respectively. There was no
statistically significant relationship between T.gondii
infection and any of these risk variables.

Table 4: Multivariate logistic regression analysis of
risk factors for T.gondii infection among the studied

sample.
LL UL
Age 0.046 0.029" 1.047 1.005 1.091
Meat 0.682 0.151 0.506 0.199 1.283

cooking

Usingsame 0.531 0.054 1.701 0.990 2.924
knife for

cutting

vegetables

and meat

History of 0.390 0.509 1477 0.464 4.696
underweight

babies

History of 1.733 0.122 5.659 0.630 50.820
abnormal

babies

Classification accuracy of the model 61%; OR: Odds ratio; Cl:
Confidence interval; LL: Lower limit; UL: Upper limit;
*Statistically significant at p < =0.05.
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Figure 1: The area under the ROC curve (AUC).
Sensitivity and specificity of RDT versus ELISA.

In relation to obstetric variables

Table 3 illustrates the seroprevalence of T. gondii
infection in relation to obstetric variables among the
studied sample. The association between the history of
delivering babies with congenital anomalies and the
T.gondii infection was found to be statistically significant
(OR=7.6, 95%CI=1.061-59.846) i.e. pregnant women
who had the history of delivered abnormal babies were
more likely exposed to infection 7.6 folds than those who
hadn’t have this history.

In relation to the knowledge about toxoplasmosis

The majority of the seropositive participants (94.6%) had
no knowledge about toxoplasmosis as a disease. In
addition, (25.0%) of them had no knowledge about the
routes of transmission of toxoplasmosis and (33.3%) had
no knowledge about the methods of prevention. But these
factors didn’t show any statistic difference between
infected and non-infected participants.

In multivariate analysis (table 4), stepwise logistic
regression technique was used and the relative effect of
the independent variable on the outcome variable was
determined. Only variables that reached a p-value less
than 0.1 were taken in this analysis. These factors were
age, meat cooking, using same knife for cutting
vegetables and meat, history of previous low birth weight
babies and history of babies with congenital anomalies in
previous deliveries. Age (OR=2.84, 95%CI1=1.251-6.455)
remained significant in the final step of multivariate
analysis, but history of previous deliveries of babies with
congenital anomalies that was significantly associated
with the seropositivity of T.gondii infection turned to be
insignificant after it was adjusted for other explanatory
variables. Other factors including, meat cooking, using
the same knife for cutting vegetables and meat, history of
previous low birth weight babies, didn’t correlate
significantly with toxoplasma infection risk in these study
participant. The classification accuracy of the model was
61% of cases.

DISCUSSION

Toxoplasmosis  is  usually  asymptomatic  in
immunocompetent hosts and induces a self-limiting
disease. However, infection in pregnant women can cause
serious health problems for the fetus. If T. gondii infects
a pregnant woman with no previous exposure to the
parasite, it can migrate through the placenta into the fetus
and subsequently cause congenital toxoplasmosis.!®> The
diagnosis of toxoplasmosis during pregnancy relays on
serology.
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In a view of the worldwide importance of T.gondii and
the limited data of the seroprevalence of this parasite
among pregnant women in Alexandria, Egypt, the present
study was done.

In the present study, two diagnostic techniques were
used, Rapid diagnostic test (RDT) or the
immunochromatographic test (ICT) and ELISA.

Rapid diagnostic test (RDT) or the
immunochromatographic test (ICT) was first developed
in the late 1960s mainly for the detection of serum
proteins. The test uses recombinant truncated surface
antigen for detection of antibodies against T.gondii. It is
rapid, and easy to perform and interpret. Generally, a
higher concentration and purity of the antigen are
required for this test.'

ELISA is an accurate serological tool for the diagnosis of
toxoplasmosis depending on antigen-antibody interaction.
The reaction can be assessed objectively by quantization
of the color that developed by an ELISA reader. The
procedure is simple to perform, economical and easily
adoptable for field use. ELISA is also suited for
laboratories required to analyze large number of
samples.’

In our study, RDT was able to detect only 43 pregnant
women to be seropositive for T.gondii, while ELISA
technique detected 221 positive cases, 186 of them were
diagnosed negative by RDT. These results showed a
slight Cohen’s Kappa agreement (K = 0.094) between
RDT and ELISA technigues for the diagnosis of T. gondii
infection. RDT had the sensitivity of (15.8%) which
indicated that the RDT was able to detect only (15.8%)
from pregnant women who were infected by T.gondii. the
specificity of (95%) which indicated that the RDT was
able to detect a proportion of pregnant women (95%)
who were not infected.

In agreement with our results, Abd elkareem et al, found
that out of 96 cases; ELISA could detect (27.1%) to be
seropositive for 1gG, while ICT detected only (18.8%).
According to these results ELISA IgG was found more
sensitive than ICT.*®

On the contrary to our results, Huang et al, studied the
results of using ICT in detecting anti-T.gondii antibodies
in cats sera comparing with ELISA results.'® The relative
sensitivity and specificity of ICT were 97.2 and 95.8%.
The relative agreement was 96.1% between the ICT and
ELISA. These high agreements suggested that ICT would
be more sensitive than the ELISA in their study.

Again, Hassan et al, showed a higher sensitivity (88%)
and lower specificity (89.29%) than our results in
detecting 1gG antibodies, when studied latex
agglutination test and ELISA for diagnosis of
toxoplasmosis.?
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Terkawi et al, developed ICT based on recombinant
dense granules antigen protein derived from T.gondii
(TgGRA7Y) for rapid detection of antibodies to the
infection. A total 59 serum sample from pigs were
examined with ICT and compared with those with
ELISA. The sensitivity and specificity of ICT was 72.7%
and 100 % respectively with a Kappa value of 0.70
(substantial agreement).

In our study, RDT had PPV of (81.4%) which means that
the RDT had the ability to detect about (81%) of those
who have toxoplasmosis among those whose test results
were positive. NPV of (45.1%) denoting that RDT was
able to detect about (45%) of those who didn’t have the
disease among those whose test results were negative. By
performing the ROC curve and estimating AUC (0.554%)
which indicated a bad diagnostic parameter. Besides the
discrimination ability DA of (26.5%) indicating that RDT
was a bad diagnostic test with diagnostic efficiency of
(49.2%).

The seroprevelanve in the present study was higher than
those reported in other countries that studied the
prevalence of T.gondii among pregnant women e.g.
Nijem et al, the overall seroprevalence of 1gG antibodies
to T. gondii was (27.9%).?2 In Europe, Cvetkovic et al,
studied the prevalence of Toxoplasma infection in
pregnant women in a series of 235 pregnant women using
ELISA technique showed that the overall prevalence was
(20.4%).2 Sakikawa et al, in Japan using latex
agglutination; the overall prevalence was (10.3%).2* Flatt
et al, in London sero-prevalence was (17.32%).% Ageely
et al, studied the seroepidemiology in Jazan province,
Saudi Arabia using ELISA technique.®® The overall
seroprevalence among the studied sample were (24.1%).

In this study, the association between T.gondii infection
and the age of the pregnant women was found to be
statistically significant (OR= 2.84, 95% Cl= 1,251-
6.455). Corroborating with our work, Nassef et al and
Almushait et al.?”?8 In the multivariate analysis, only age
category remained significant in the final step of
multivariate analysis.

In Brazil by Sroka et al, multivariate regression analysis
showed that there are some variables which identified as
a risk factors by the bivariate analysis turned to
insignificant such as age, low monthly income, living in
poor housing conditions, including streets made of sand
and houses with sand floor and consumption of powder
milk, while others that weren’t significant by the
bivariate analysis turned to significant as consumption of
vegetables washed by untreated water.?

Al-Eryani et al, studied the factors associated with high
seroprevalence of T.gondii infection among pregnant
women in Yemen.*® Bivariate analysis identified the
following factors to be significantly associated with
toxoplsmosis (IgG and/or IgM): age >25 years, education
level, number of children, cat rearing, contact with soil,
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use of unwashed kitchen knife, and eating unwashed
vegetables. While the independent factors in the
multivariate logistic regression analysis included age >25
years, cat rearing, and contact with soil.

Andiappan et al, in southern Thailand, for univariate
analysis, the study verified that age group, occupation
and source of drinking water had significant associations
with  seropositive pregnant women.3t After the
multivariate logistic regression analysis confirmed that
age >26, working as a laborer and drinking unclean
(piped/tap/rain) water were identified as significant risk
factors for Toxoplasma acquisition.

CONCLUSION

The present study has documented a bad diagnostic
performance of RDT in detection T.gondii in serum
samples of infected pregnant women as compared to
ELISA technique. Although it is relatively low-priced
and less time consuming, RDT is not appropriate
diagnostic methods for screening of the disease or
surveillances program. Age is the only risk factor to be
associated statistically with toxoplasma gondii infection.
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