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Abstract

Background: Toxoplasmosis is an infection caused by an obligate intracellular parasite Toxoplasma gondii in
final and intermediate host. Toxoplasma gondii is commonly associated with congenital infections that are not
clinically apparent. The infection in the first trimester pregnancy may cause severe congenital anomalies or even
foetal loss. In congenitally infected children can cause devastating effects including eye blindness, neurological
impairment and mental retardation. The parasite distributed world-wide, in Sudan the prevalence was reported to be
34.1% and in Gezira state it was 41.7%.

Objectives: This study aimed to diagnose T. gondii infection inpregnant and aborted women by Toxo-Latex
agglutination test and Electro-chemiluminescence immunoassay (ECLIA) for IgG and IgM antibodies.

Materials and Methods: Total 100 samples of venous blood collected from pregnant and aborted women, 37 and
63 samples were from participants in Wad Medani and Um Algura, respectively. These samples were diagnosed
using Toxo-Latex agglutination test for IgG antibodies, Electro-chemiluminescence immunoassay for IgG antibodies
and Electro-chemiluminescence immunoassay (ECLIA) for IgM antibodies.

Results: The results showed that a seropositivity of Toxoplasma IgG antibodies by Toxo-Latex agglutination test
was 69% and 52.6% by Electro-chemiluminescence immunoassay.The Toxoplasma IgM seropositivity was (5.1%).
There was significant difference between two methods (P<0.0001). The sensitivity and specificity of Toxo-Latex
agglutination test was (94%) and (57.8%) respectively with positive predictive value (71.2%) and negative predictive
value (89.6%). The seroprevalence of Toxoplasma IgG antibodies showed (67.6%) in Wad Medan and (69.8%) in
Um Algura by Toxo-Latex agglutination test while by Electro-chemiluminescence immunoassay was 43.2% and 54%
in Wad Medani and Um Algura respectively. The seroprevalence of Toxoplasma IgM antibodies was (7.9%) and this
present in Um Algura. The high prevalence noted among age group 26-35. There is relation between the positive
results with clinical symptoms; strong correlation with risk factors specially eating undercooked meat (71%),
consumption of raw meat (68.1%), and contact with cats (52.1%). There was negative correlation between the
seropositivity and parity number.

Conclusion: The Electro-chemiluminescence immunoassay remain high specific and sensitive method for
diagnosis of Toxoplasmosis, but a high cost of both apparatus and test reagents may prevent applicability in rural
area, so the Toxo-Latex agglutination test may be useful in screening for disease due to simple applicability. The
study recommended that the screening of Toxoplasma gondii should be done to all pregnant women to prevent
disease progression, control cats, avoiding eating raw and undercooked meat and drinking filtrated water.

Keywords: Toxoplasmosis; Sudan; Pregnant women; Toxoplasma
gondii; ECLIA

Introduction
Toxoplasma gondii is an animal coccidian parasite that causes

toxoplasmosis, with congenital toxoplasmosis being the most serious
form of infection in human [1-4]. Toxoplasmosis is considered one of
the Neglected Parasitic Infections, a group of five parasitic diseases that
have been targeted by Centre for Disease Control (CDC) for public

health action [5].The parasite is a heteroxenous in which the definitive
hosts (cat and lynx) produce oocysts, whereas, human and other
mammalian like rodents, chickens, lambs act as intermediate hosts and
other developmental stages of Toxoplasma gondii are found [6].

The immune response to T. gondii involves both innate and adaptive
immune responses, by coordinated series of cellular interactions
between the parasite, enterocytes, monocytes, Dendritic Cells (DCs),
macrophages, Natural Killer cells and neutrophils. DCs play a central
role in immune response by stimulating of both innate and adaptive
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immune response. IFN-γ dependent cell immunity plays a major role
in resistance against both acute and chronic T. gondii infection, with
IFN-γ activated effector cells in both hemopoietic and non-
hemopoietic cell compartments controlling T. gondii via several
antimicrobial mechanisms. CD8+ T cells are crucial for protection
against T. gondii [7-9].

Infection by T. gondii is usually asymptomatic in
immunocompetent humans, but serious or lethal complications may
occur when the parasite is transmitted to the fetus via transplacental
route by its asymptomatic infected mother, resulting in congenital
toxoplasmosis [1,10-12]. Severe toxoplasmosis occurs in
immunocompromised adults that develop either acute infection or
reactivation from quiescent tissue cysts [13]. Congenital transmission
may occur when an uninfected mother acquires primary infection
during pregnancy. In pregnant women, the disease is often
asymptomatic or have only mild symptoms, infection may cause
spontaneous abortion, still birth, or serious foetal damage. The
gestational age at which the infection is contracted is a key variable
affecting the clinical foetal outcome [14]. Psychiatric disorders, poor
impulse control, personality aberrations or neurocognitive impairment
attempt were marginally more frequent among individuals
with T. gondii seropositivity [15].

The seroprevalence of T. gondii in human population varies greatly
among different countries, geographical areas within the same country,
and among the ethnic groups living in the same area [16]. T. gondii has
a cosmopolitan distribution due to presence of many animals that can
accommodate the parasite and follow its dissemination [17,18]. Several
studies showed that different socio-demographic determinants,
geographical locations and ethnicity have significant effects on
Toxoplasma seropositivity [19-22].

The seroprevalence of T. gondii was reported to be 85.4% for anti-
Toxoplasma gondii antibody in Ethiopia [23]; in Southeastern Turkey
anti-Toxoplasma IgG and IgM antibody was found to be 53.3% and 1%
respectively [24]; in the Malaysia was 19.9% [25], followed by the
Indian 22.40% [26] and 15.2% in pregnant women 17.3% in control
subjects for anti-T. gondii IgG antibodies, while in case of IgM 2.9% in
pregnant women and 3.8 in controls in Eastern China [27]. In Sudan,
toxoplasmosis was reported to occur long time ago [28]. Moreover,
toxoplasma infection was also reported at different infection rates
[29,30].

Association between toxoplasma infection and
immunocompromised patient was also documented [19]. Serological
testing for anti-Toxoplasma antibodies is the mainstay for the
diagnosis of toxoplasmosis. Diagnosis of acute maternal infection is
mainly based on detection of sero-conversion or four fold rise in IgM
antibodies levels which appear sooner after infectionthan IgG
antibodies and disappear faster than IgG after recovery [2,11]. Sabin
and Feldman did the first serological test for determination of
prevalence of disease using extracellular dye into live trophozoite by
complement-fixing antibodies to T. gondii that led to the development
of the Sabin-Feldman dye-test for serodiagnosis [31]. Today there are
effective tests for the diagnosis of toxoplasmosis that are based on
different methods such as: enzyme-linked immunosorbent assay
(ELISA) and indirect immunofluorescence test Diagnosis of
toxoplasmosis has been improved by the emergence of molecular
technologies to amplify parasite nucleic acids. Among these,
polymerase chain reaction (PCR)-based molecular techniques have
been useful for the genetic characterization of T. gondii and the
diagnosis of congenital toxoplasmosis and disseminated toxoplasmosis

and it was preferred due to its excellent sensitivity and specificity to
determine the presence of parasites in clinical sample in much reduced
time [32]. In addition Toxo-Latex agglutination test usually give a high
positive rate comparing to other techniques [33].

Patients and Methods

Patients
A hospital based cross-sectional study conducted in 100 pregnant

and abortive women were selected randomly during the period
November 2014 to January 2015. 37 blood samples were taken from
women in Wad Medani Maternity Teaching hospital while the
remaining samples about 63 samples were taken from Um Algura
hospital.

Methods
Blood samples (3 ml) were aseptically withdrawn from each of the

study participants into EDTA container. The plasma was separated
from the whole blood by centrifugation at 3000 rpm for 5 minutes and
the plasma stored at -20ºC until used.

For the screening of T. gondii antibody plasma samples were
analysed by Toxo-Latex agglutination test for the qualitative and
semiquantitative detection of anti-toxoplasma antibodies which used
Latex particles coated with inactivated T. gondii soluble antigen
(Spinreact) and Electro-chemiluminescence immunoassay (ECLIA) by
Cobas modular platform (Cobas e 411 analyzer) an immunoassay for
the in vitro quantitative determination of IgG and IgM antibodies to
Toxoplasma gondii in human serum or plasma. The samples were
analysed according to manufacturer's instructions. The evaluation of
anti-toxoplasma IgG and IgM antibodies is part of TORCH screening.
TORCH is a group pathogens known to cause hazardous congenital
infections and include; Toxoplasmosis, syphilis, hepatitis B, hepatitis E,
Coxsackie virus, Epstein–Barr virus (EBV), human parvovirus,
varicella zoster, Rubella, Cytomegalovirus (CMV) and Herpes simplex
virus (HSV).

Toxo-latex agglutination test: The reagents and samples were
allowed to reach room temperature because the sensitivity of the test
may be reduced at low temperatures. About 50 μL of the sample and
one drop of each Positive and Negative controls was added into
separate circles on the slide test Toxo-Latex reagents were mixed
vigorously or on a vortex mixer before add 25 μL of this reagent next to
the samples to be tested. Drops were mixed using a stirrer for each
sample. The slides then mixed via rotating for 4 minutes. Then the slide
was examined macroscopically for the presence or absence of visible
agglutination. The presence of agglutination indicates an antibody
concentration equal or greater than 4 IU/mL (Latex agglutination test
kit - SPINREACT, TOXO_LATEX Slide Agglutination, Code 1201002).

Electro-chemiluminescence immunoassay (ECLIA): Preparation
and loading of samples were done according to Cobas Modulator
Plateform. The total duration of assay is 18 minutes, as mention below:

First incubation: 10 µL of sample were automatically pre diluted
1:20 with Elecsys Diluent Universal. T. gondii-specific recombinant
antigen labelled with a ruthenium complex was added. Anti-Toxo IgG
and IgM antibodies present in the sample react with the ruthenium-
labelled T. gondii-specific recombinant antigen.

Second incubation: Biotinylated monoclonal h-IgM-specific
antibodies and streptavidin-coated micro particles were added. The
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complex became bound to the solid phase via interaction of biotin and
streptavidin.

The reaction mixture was aspirated into the measuring cell where
the microparticles were magnetically captured onto the surface of the
electrode. Unbound substances were then removed with ProCell.
Application of a voltage to the electrode then induced
chemiluminescent emission which is measured by a photomultiplier.

Results were determined automatically by the Elecsys software by
comparing the electrochemiluminescence signal obtained from the
reaction product of the sample with the signal of the cutoff value
previously obtained by Toxo IgG and IgM calibration (Cobas411, serial
No. 0868-16 manufactured by Hitachi high technologies corporation,
Tokyo- Japan).

Study area Toxo-Latex agglutination test P-value ECLIA P-value

Positive Negative

0.492

Positive Negative

0.44
Wad Medani 25 (67.6%) 12 (32.4%) 16 (50%) 16 (50%)

Um Algura 44 (69.8%) 19 (30.2) 34 (54%) 29 (46%)

Total 69 31 50 45

Table 1: Seropositivity of IgG antibodies among study area by both technique.

The cut off values for positive and negative results were determined
according to manufacture procedure.

Toxoplasma gondii IgG: >1 (non reactive), >_ 1.0 - > (Intermediate),
>_ 30 (Reactive).

Toxoplasma gondii IgM: >0.8(non reactive), >_0.8 - >1.0
(Intermediate), >_1 (Reactive).

Ethical considerations
The Ethical approval and permission obtained from Gezira State

Ministry of Health Authorities and informed consent obtained from
the participants.

Result analysis
The results were analysed by Statistical Package for the Social

Sciences (SPSS) program version 16, a crosstab and correlation was
done. Also, Medical Calculator (MedCalc) was used to calculate the
specificity, sensitivity and predictive value by a Receiver Operating
Characteristic curve (ROC).

Figure 1: Seropositivity of IgG and IgM antibodies by ECLIA.

Figure 2: Seropositivity of IgG antibodies by Toxo-Latex
agglutination test.

Results
In present study, hundred women were enrolled; 37 women (37%)

were examined at Wad Medani and 63 women (63%) at Um Algura.
The pregnant participant were (74%) while the aborted once were
(26%) of the examined population. The participants were categorized
into three age groups; 15-25 (59%), 26-35 (36%) and 36-45 (5%) and
the age rang was 15-38 years with mean of 24 ± 5.6.

The seropositivity of anti-Toxoplasma gondii IgG antibodies among
study population was 52.6% by Electro-chemiluminescence
immunoassay (ECLIA) and 69% by Toxo-Latex agglutination test
which include 34 cases (68%), 51 cases (69%) in pregnant and 16 cases
(61.5%), 18 cases (69.2%) in aborted women and (Figures 1 and 2).
While the seropositivity of anti-Toxoplasma gondii IgM antibodies
among study population was 5.1% in which pregnant women were 4
cases (5.6%) and aborted women were 1 case (3.9%) by Electro-
chemiluminescence immunoassay (ECLIA) (Figure 1). The
seropositivity of IgG in Wad Medani was 67.6% and 50% while in Um
Algura was 69.8% and 54% by Toxo-Latex agglutination test and
ECLIA respectively (Table 1). In contrast, the seropositivity of IgM was
0% in Wad Medani and 8% in Um Algura by ECLIA (Table 2).
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The seropositivity of IgG among age group showed 39 cases (66.1%)
and 24 cases (43%) in age group 15-25; 28 cases (77.8%) and 23 cases
(67.6%) in age group 26-35 and 2 cases (40%) and 3 cases (60%) in age
group 36-45 by by Toxo-Latex agglutination test and ECLIA
respectively (Table 3).

Maternal status Toxo-Latex agglutination test P-value

Positive Negative

0.104
Wad Medani 0 (0%) 35 (100%)

Um Algura 5 (8%) 58 (92%)

Total 5 93 (94.9)

Table 2: Seropositivity of IgM antibodies among study area by ECLIA.

Age group ECLIA IgG Toxo-Latex agglutination
test

Positive Negative Positive Negative

15-25 years 24 (43%) 32 (57%) 39 (66.1%) 20 (33.9%)

26-35 years 23 (67.6%) 11 (32.4%) 28 (77.8%) 8 (22.2%)

36-45 years 3 (60%) 2 (40%) 2 (40%) 3 (60%)

Total 50 45 69 (69%) 31 (31%)

P-value 0.045 0.925

Table 3: Seropositivity of IgG antibodies among age group by both
technique.

Risk factor ECLIA IgG P-value Toxo-Latex agglutination test P-value

Positive Negative Positive Negative

Contact with cats 27 (58.7%) 19 (41.3%) 0.173 36 (73.5%) 13 (26.5%) 0.233

Raw meat 34 (54%) 29 (46%) 0.44 47 (72.3%) 18 (27.7%) 0.226

Undercooked meat 35 (50%) 35 (50%) 0.266 49 (66.2%) 25 (33.8%) 0.223

Table 4: Seropositivity of IgG antibodies correlated animal risk factors.

Risk
factor ECLIA IgG

P-
valu

e

Toxo-Latex
agglutination test

P-
value

Positive Negative Positive Negative

History of
miscarriag

e
16(61.5%) 10 (38.5%) 0.20

2 20 (71.4%) 8(28.6%) 0.471

Infiltrated
water 21 (53.8%) 18 (46.2%) 0.50

5 26 (66.7%) 13
(33.3%) 0.426

Table 5: Seropositivity of IgG antibodies correlated to other risk
factors.

The seropositivity of IgG antibodies correlated to contact with
animal and their products showed that 36 cases (73.5%) and 27 cases
(68.7%) in women whom contact with cats; 47 cases (72.3%) and 34
cases (54%) in women whom consumed raw meats and 49 cases

(66.2%) and 35 cases (50%) in women whom eat undercooked meat
(Table 4) by Toxo-Latex agglutination test and ECLIA respectively. The
Seropositivity of IgG in women whom had history of miscarriage were
20 cases (71.4%) and 16 cases (61.5%) while in women drink infiltrated
water were 26 cases (66.7%) and 21 cases (53.8%) by Toxo-Latex
agglutination test and ECLIA respectively (Table 5).

There was negative correlation between the seropositivity of
Toxoplasma IgG antibodies with parity number i.e. infection rate was
decreased with increasing in number of parity (Tables 7 and 8). The
seropositivity of IgG antibodies correlated to sign and symptoms
showed that 40 and 28 cases of fever (74% and 52%), 9 and 7 cases of
rash (69.2% and 53.8%), 3 and 1 cases of inflammation of eyes (60%
and 20%), 11 and 9 cases of pneumonia (73.3% and 60%), 2 and 2 cases
of history of still birth (66.7% and 66.7%) and one case history of child
blindness (100%) by Toxo-Latex agglutination test and ECLIA
respectively (Table 6).

Symptoms ECLIA IgG P-value Toxo-Latex agglutination test P-value

Positive Negative Positive Negative

Fever 28 (52.8%) 25 (47.2%) 0.166 40 (74%) 14 (26%) 0.565

Rash 7 (53.8%) 6 (46.2%) 0.629 9 (69.2%) 4 (30.8%) 0.582

Eye inflammation 1 (20%) 4 (80%) 0.495 3 (60%) 2 (40%) 0.15

Pneumonia 9 (60%) 6 (40%) 0.475 11 (73.3%) 4 (26.7%) 0.368

Still birth 2 (66.7%) 1 (33.3%) 0.676 2 (66.7%) 1 (33.3%) 0.54
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Child blindness 1 (100%) 0 (0%) 0.69 1 (100%) 0 (0%) 0.526

Table 6: Seropositivity of IgG antibodies correlated to sign and symptoms.

Parity
Number 0 1 2 3 4 5 6 7 8

Positive 37 12 6 6 2 2 3 0 1 69

Negative 16 7 3 0 1 1 2 1 0 31

Total 53 19 9 6 3 3 5 1 1 100

Table 7: Seropositivity of Toxoplasma gondii IgG antibodies correlated
to parity number by Toxo-Latex agglutination test.

Parity
Number 0 1 2 3 4 5 6 7 8

Positive 26 7 5 3 2 1 4 1 1 50

Negative 24 11 4 2 1 2 1 0 0 45

Total 50 18 9 5 3 3 5 1 1 95

Table 8: Seropositivity of Toxoplasma gondii IgG antibodies correlated
to parity number by ECLIA.

Figure 3: ROC curve to Toxoplasma IgG Toxo-Latex agglutination
test compared to Cobas IgG result.

Specificity and sensitivity of Toxo-Latex agglutination test compared
to Electro-chemiluminescence immunoassay was done. In this study,
we considered that Electro-chemiluminescence immunoassay is a gold
standard method for anti-Toxoplasma gondii IgG antibodies and we
used it to detect sensitivity and specificity of Toxo-Latex agglutination

test. The curve show the specificity of Toxo-Latex agglutination test
was 57.8% while the sensitivity was 94% (Figure 3).

Discussion
Toxoplasma gondii is an intracellular protozoan which distributed

worldwide. The hypothesis of this study is to compare the Toxo-Latex
agglutination test with Electro-chemiluminescence immunoassay
(ECLIA) for detection of toxoplasmosis to detect sensitivity and
specificity with the predictive values to evaluation the reliability of this
test as its common diagnostic tool for the disease. The current study
aimed to screen of toxoplasmosis in one of the most affected
immunocompetent population; pregnant women.

Seropositivity of Toxoplasma IgG antibodies by Toxo-Latex
agglutination test was 69% of 100 of population which while
seropositivity of IgG by Electro-chemiluminescence immunoassay was
52.6% of 95 of population; which constitute 69% and 49.3% among
pregnant women while 69.2% and 61.5% among aborted women by
Toxo-Latex agglutination test and ECLIA respectively. Our results
indicate high prevalence rate of toxoplasma IgG among population and
may be due to the past infection since the IgG antibody usually persists
for the life of the host [34], and in accordance with that reported in
some geographical area such as Sudan [29,30,35,36], Baghdad city in
Iraqi [14] and in Ahmedabad in Pakistan [37]. In these studies the
seroprevalence of IgG antibodies is similar to our results. While our
data are disagree with that published from Ghana [38].

The seropositivity of IgM was evaluated by Electro-
chemiluminescence immunoassay (ECLIA), 5 cases out of 98 were
positive and considered as 5.1%. Of these positive samples, 4 samples
with mixed with IgG antibodies and this may be either due to
persisting IgM or unspecific stimulation immune system or the
infection is most likely established for more than one year since
specific IgM may be detected for 18 months or more [34]. In
accordance with documented data from Iraqi, Sudan, Palestine and
Saudi Arabia [14,36,39,40] respectively, and disagree with that
reported from Sudan, Pakistan, Ghana and Sri Lanka [35,37,38,41]
respectively whom considered high and absence of Toxoplasma IgM
prevalence 41.3%, 88.7 and 0% with respectively. The only one sample
which IgM positive and IgG negative by Electro-chemiluminescence
immunoassay (ECLIA) indicate a recent infection classified in age
group 15-25, locality in rural area, no correlation with sign and
symptoms and correlate to risk factor eating raw meat and contact
with cat.

The seroprevalence of Toxoplasma IgG antibodies by Toxo-Latex
and Electro-chemiluminescence immunoassay (ECLIA) tests were
67.6% and 43.2% in Wad Medani while in Um Algura were 69.8% and
54%. Also, the seroprevalence of IgM correlated to location is 7.9% in
Um Algura and 0% in Wad Medani. This showed a slightly high
seroprevalence of IgG in rural area than urban area and the
seroprevalence of IgM present in rural area and absence in urban area
since the risk factors in rural area is more than urban area such as
contact with cat, eating raw meat, eating undercooked meat, drinking
infiltrated water and personal hygiene decreased in rural area. In
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accordance with [33] which indicate high prevalence of IgM anti-
Toxoplasma in rural area of Kurdistan.

The high IgG seropositivity reported in age group 26-35 (63%), this
due to women in this age are high risky and the most fertile period of
childbearing age. In accordance with literature data indicating that
seroprevalence increased by age [29,30,35,42].

There were a correlation of Toxoplasma IgG seroprevalence to a sign
and symptoms by Toxo-Latex and Cobas tests and Toxoplasma IgM
antibodies, this sign mainly fever may be due to disease or other cases
such as malaria since the collection was done in high transmitted
season of malaria. There is a strong correlation between abortion and
seropositivity of both IgG and IgM results (25%) reflect the most
serious outcome among those populations at risk, this agreed with that
reported by Ebadi P [43] whom found that the prevalence of IgG
seroprevalence among women with history of abortion was 17.5%.

There were a correlation of Toxoplasma IgG antibodies to risk , this
strong correlation indicate that all risk factors and possible rout of
transmission involved in infection with history of miscarriage been a
factor of incomplete treatment and this due to personal hygiene and
environmental condition. This agreed with [29] in Sudan whom found
that a contact with cats, eating raw meat, and eating soil [36] and in
Sudan whom found correlation with consumption of raw meat. And
disagreed with [35] in Khartoum, Sudan whom found that there are no
correlation between the disease and risk factors.

There was strong negative correlation between seropositivity of
Toxoplasma IgG and IgM antibodies; in women with no pregnancy
have a high seroprevalence of IgG and IgM and this agreed with that
published from Nigeria [16].

The high prevalence of IgG and present of IgM antibodies indicate
the present of infection in risk group and the remaining women may
be in risk of acquiring infection with the presence of all possible rout of
transmission.

In the evaluation of Toxo-Latex agglutination test, the ROC curve
involved assessing the specificity, sensitivity, negative predictive value,
positive predictive value and calculation of the area under the curve.
There are a significant difference between the two methods
(Significance level P=<0.0001). Toxo-Latex agglutination test showed
94% sensitivity and 57.8% specificity with positive predictive values of
71.2% where a negative predictive value was 89.6%. This may be due to
cross reactivity such as hepatocellular disease; manufacturing and
transporting of the reagents. To the best of our knowledge there was no
available study in assessing Latex agglutination test compared to Cobas
e411 test, but this agreed with that reported by Narmin [33] which
compared the Toxo-Latex with ELISA test for IgG and their results
showed a high prevalence of IgG by Toxo-Latex than ELISA.

Conclusion
The study concluded that the seropositivity of Toxoplasma IgG

antibodies by latex agglutination test was 69% and 52.6% by Electro-
chemiluminescence immunoassay which slightly increased in rural
area, and the Toxoplasma IgM seropositivity was (5.1%) and present in
rural area. There was a significant difference between the two methods
(P<0.0001). The sensitivity and specificity of Toxo-Latex agglutination
test was (94%) and (57.8%) respectively with positive predictive value
(71.2%) and negative predictive value (89.6%). The high prevalence
noted among age group of 26-35 years. There was correlation with risk
factors specially eating undercooked meat (71%), consumption of raw

meat (68.1%), and contact with cats (52.1%). There was negative
correlation between the seropositivity and parity number.

This study is recommended to screen Toxoplasma gondii during
pregnancy which could have an impact to prevent progression of
disease if present and subsequently prevent complication on pregnant
woman and her fetus.
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