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1. Introduction 

Toxoplasma gondii is a unicellular coccidian parasite with a worldwide distribution. Man and other warm blooded 
animals act as intermediate hosts while members of Felidae family are actually the definitive host (Monocada, & Montoya; 
Robert-Gangneux, & Dardé, 2012). About 25-30% of the human population is found to be infected by T. gondii worldwide 
(Montoya, & Liesenfeld, 2004). The prevalence varies widely between countries (10-80%) and often within a given country or 
between different socioeconomic strata of a specific population (Pappas, Roussos, & Falagas, 2009; Rosso, et al., 2008).  
The majority of human transmission is caused either by ingestion of tissue cysts in infected meat or ingestion of sporulated 
oocyst from contaminated soil, water, food or directly from feline feces (Robert-Gangneux, & Dardé, 2012). Transplacental 
infection, following maternal infection with T. gondii for the first time during gestation, is also an important way of 
transmission (SYROCOT, Thiébaut, Leproust, Chêne, and Gilbert, 2007). Other routes of transmission have been documented 
including organ transplantation or laboratory accidents (Monocada, & Montoya, 2012). Most cases of toxoplasmosis are 
asymptomatic or may suffer from influenza like symptoms. Immunocompromized patients usually develop fulminating, life 
threatening complications as pneumonia and encephalitis (Luft, & Remington, 1992). Primary infection during pregnancy may 
cause spontaneous abortion, still birth or congenital toxoplasmosis with ocular and neurological manifestations (Monocada, & 
Montoya, 2012; Elsheikha, 2008).  

Several laboratory tests are available for the diagnosis of T. gondii including: serological tests, PCR, histological and 
cytological examination of tissue and body fluids (Monocada, & Montoya, 2012). A variety of serological tests have been 
developed to detect different antibody classes or antigens (Liu, Wang, Huang & Zhu, 2015). The most used assay today is the 
indirect enzyme linked immunosorbent assay (ELISA) for routine detection of specific anti-toxoplasma IgG and IgM antibodies 

    ISSN 2278 – 0211 (Online) 

Faika Hassaneina 
Lecturer, Department of Microbiology and Immunology, Phros University in Alexandria, Egypt 

 Amany I. Shehata 
Lecturer, Department of Tropical Health, Parasitology and Medical Entomology High Institute of 

Public Health, Alexandria University, Egypt 

Abstract:  
Background: Toxoplasmagondii is a ubiquitous protozoan parasite that is estimated to infect one-third of the world's human 
population. In the quest for a suitable diagnostic tool for detection of T. gondii antibodies, the rapid immunochromatographic 
test has been validated versus the enzyme linked immunosorbent assay (ELISA) technique for diagnosing toxoplasmosis 
among individuals with mental disabilities. Method: A cross-sectional study was carried out in Alexandria governorate, Egypt 
during the period from December 2015 to May 2016. Blood samples were collected from 188 mental disabled individuals.  
The first aliquot was tested by the rapid diagnostic test (RDT), the 2nd and 3rd aliquots were tested quantitatively for anti –
T. gondiiIgG and IgM antibodies using ELISA test. Results: The seroprevalence of toxoplasmosis based on RDT was 26.6%, it 
significantly increased to 48.9% by using ELISA. The diagnostic parameters of RDT versus ELISA for IgG were:  sensitivity 
54.4%, specificity 100%, PPV  100%, NPV 69.6% with a diagnostic efficiency of 77.7%, while for IGM were:  sensitivity 
29.03%, specificity 100%, PPV  100%, NPV 87.7% and diagnostic efficiency 88.3%. Cohen's kappa coefficient was 0.549 and 
0.406 for IgG and IgM respectively indicating good to moderate agreement between the two tests for detecting IgG and poor 
to fair agreement for IgM. Conclusion: Although RDT is inferior compared to ELISA, its speed, simplicity, low cost, high 
specificity and its good diagnostic efficiency in detecting IGG make it an important preliminary screening tool for diagnosing 
toxoplasmosis in remote endemic areas where facilities for ELISA are not available. 
 
Keywords: Rapid Immunochromatographic Test (RDT), Enzyme Linked Immunosorbent Assay (ELISA) technique, 
toxoplasmosis, mental disabilities 



 www.ijird.com                                                                                                                  June, 2018                                                                                                                   Vol 7 Issue 6 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2018/v7/i6/JUN18058 Page 62 
 

(Robert-Gangneux, & Dardé, 2012). As the presence of specific IgG antibodies just implies the parasite infection with no 
information on infection time and as IgM antibodies isn’t an accurate marker for acute infection (Meek, Diepersloot, van Gool, 
 Speijer & Peek, 2003), IgG avidity was described by Hedman et al (1989) (Hedman, Lappalainen, Seppäiä & Mäkelä, 1989). 
The variation in the antibody binding strength was evaluated by ELISA to differentiate between acute and chronic T. gondii 
infection (Robert-Gangneux, & Dardé, 2012, Lappalainen et al., 1993). Though ELISA tests are sensitive and specific, yet they 
are expensive, require a specialized laboratory and expert personnel (Liu, Wang, Huang & Zhu, 2015).  
The immunochromatography test (ICT) is a rapid diagnostic test (RDT) in which the colloidal gold labeled antigen or antibody 
is used as the tracer and the cellulose membrane is used as the solid support. Antibodies or antigens looked for are placed at 
the sample pad on the nitrocellulose membrane. They will slowly infiltrate the pad by a capillary action.  The antigen – 
antibody reaction will be detected as a colloidal color reaction (Wang et al., 2011). As RDT is easy to perform, rapid and 
doesn’t need special equipment, nor expert personals, so it is suitable for field application (Liu, Wang, Huang & Zhu, 2015). 
Our study is planned to assess the validity of a commercially available RDT versus the conventionally used ELISA for the 
diagnosis of toxoplasmosis among mentally disabled individuals. 
 
2. Materials and Methods 
 
2.1. Study Design, Study Population and Sample Collection 

A cross-sectional study was carried out in different rehabilitation centers for mental disabilities representing different 
sectors in Alexandria governorate, Egypt, during the period from December 2015 to May 2016.  Venous blood samples were 
collected from 188 individuals aged from 3 to 37 years and whose parents accepted their participation in the study. Samples 
were transferred to the parasitological laboratory of High Institute of Public Health for processing. The serum was separated 
from the whole blood by centrifugation at 3,000 rpm for 10 minutes at room temperature, then divided into three aliquots and 
stored at -20◦ C until use. 
 
2.2. Serological Testing 

The first aliquot was tested by using a rapid diagnostic test kit “On-site toxoIgG/IgM lateral flow chromatography 
assay”. The assay could detect and differentiate between IgG and IgM antibodies in serum. The 2nd and 3rd aliquots were tested 
quantitatively for anti – Toxoplasma gondii IgG and IgM antibodies respectively using ELISA test, strictly following 
manufacturer's instructions. The results were read at 450nm by a micro-well reader compared in a parallel manner with 
calibrator and controls. All results at or above cut off value (1.169 for IgG and 1.15 for IgM) were considered positive.    
 
2.3. Statistical analysis  

Correlation of the diagnostic parameters of RDT versus ELISA as a gold standard technique was done using diagnostic 
accuracy tests (Simuudic, 2009). Chi-square and Cohen’s Kappa coefficient were used for comparison between variables, p-
values ≤0.05 was considered statistically significant. 
 
2.4. Ethical Consideration 

Ethical approval was obtained from the Ethics Review Committee of the High Institute of Public Health, Alexandria 
University, Egypt. Informed written consent was either signed or thumb-printed from parents or guardians of the children 
accepting to be involved in the study before its start. Approval was also obtained from the Vocational Rehabilitation Managers 
and the Social Affairs Directorate. 

3. Results 
The seroprevalence of toxoplasmosis among 188 mentally disabled individuals examined based on RDT was 26.6%, it 

significantly increased to 48.9% when using ELISA technique. Also, IgM antibodies were detected in 4.8% of them by RDT and 
significantly increased to 16.5% by ELISA test (Table 1). As regards distribution of anti-Toxoplasma specific IgG and IgM 
antibodies among examined sample, it was found that individuals who were IgG(+ve) &IgM(-ve) which indicated a previous 
exposure or chronic infection (immune cases) were (32.45%) and (21.8%) as detected by ELISA and RDT respectively. 
Positive results for both IgG&IgM indicating either primary infection or reactivation of chronic infection (probable acute 
infection) were (16.5%) & (4.8%) for ELISA and RDT respectively while negative results for both antibodies (susceptible 
cases) were (51.1%) and (73.4%) respectively (Table 2).  
  All cases reported positive by RDT for IgM and IgG were also positive by ELISA. However, 42 cases that were positive 
for IgG by ELISA test were found negative by RDT. The same was also seen for IgM as 22 positive cases by ELISA test were 
negative by RDT. Cohen’s kappa coefficient was 0.549 and 0.406 for IgG and IgM respectively indicating a good to moderate 
agreement between RDT and ELISA in detecting IgG and a poor to fair agreement in detecting IgM, (Table 3, 4). By computing 
the diagnostic parameters of RDT versus ELISA, it was evident that RDT had a sensitivity of 54.4%, a specificity of 100%, PPV 
of 100%, NPV of 69.6% with a diagnostic efficiency of 77.7% for IgG. As regards IgM, the sensitivity was 29.03%, the specificity 
was 100%, PPV was 100%, NPV was 87.7% and the diagnostic efficiency was 88.3% (Table 5).  
4. Discussion 
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Toxoplasmosis is a major public health problem that has a high socioeconomic impact resulting mainly from the cost 
of caring for sick, mentally retarded and blind children (Roberts, Murrell & Marks, 1994). It is also responsible for significant 
morbidity and mortality especially in congenitally infected and immunocompromized individuals (Elsheikha, 2008; Luft, & 
Remington, 1992). So, continuous and detailed epidemiological surveillance is required to estimate its risk of infection. 
Accurate diagnostic assays for detection of T. gondii are crucial as a step toward management and control of the disease. 
During the past few years, there has been an increased interest in the diagnosis using techniques which are rapid, simple and 
inexpensive as well as sensitive and specific to be used either in field surveys or in outpatient clinic (Nourollahi, Shad-Del, 
Hosseini & Dinani,2004). The present study is meant to standardize the commercially available rapid 
immunochromatographic technique (RCT) for qualitative detection of IgG and IgM specific antibodies against T. gondii. 
In the present study, the prevalence rates of anti-Toxoplasma IgG (48.9 %) and IgM (16.5%) using ELISA test,  are in line with 
those reported among different categories of the Egyptian  population (El-Nahas, El-Tantawy, Farag & Alsalem, 2014; 
Tammam, 2013; El Deeb, Salah-Eldin, Khodeer & Allah, 2012;  Elsheikha, 2009; ). But, IgG rate is lower than what was 
recorded by El Nahas et al (2014) (76.9%- 92.6%) (El-Nahas, El-Tantawy, Farag & Alsalem, 2014). While IgM rate is much 
higher than what was reported by El Deeb et al (2.8%) (El Deeb, Salah-Eldin, Khodeer & Allah, 2012). 

In the present work, the IgG seroprevalence using RDT is 26.6%, which is almost comparable with what was recorded 
in Saudi Arabia among pregnant woman using the same technique (21.3%) (Imam, Azzam & Attia 2016), but it is higher than 
the seroprevalence recorded in Sri Lanka(12.3%) (Chandrasena et al., 2016). It is lower than what was recorded among 
pregnant women in West Africa (48.5%) (Ogouyèmi-Hounto et al., 2014) and what was reported among the Residents of 
Seokmo-do (Island) in Korea (29.2- 45.3% from 2010 to 2013) (Kim et al., 2017). Negative results for both IgG and IgM in the 
present study using RDT was 73.4% which  is similar to what was  reported in Saudi by Imam et al (78.7%) but lower than 
what was reported in Sri Lanka (87.7%) (Imam, Azzam & Attia; Chandrasena et al., 2016). In contrast to our results these two 
studies didn’t detect IgM antibodies among the studied samples. The study done on individuals with severe mental illness 
(psychotic disorders) attending the Federal Psychiatric hospital, Benin, Nigeria revealed that 30.7% and 7.14% of the cases 
were Toxoplasma IgG and IgM positive respectively (James, Agbonile, Okolo ,  Lawani & Omoaregba, 2017). 
The obtained results of the diagnostic parameters of RDT versus ELISA technique as gold standard revealed that RDT could 
detect about half the individuals having specific IgG antibodies while it could detect only 29% of those having IgM antibodies 
(sensitivity was 54.35% and 29.03% respectively). On the other hand, RDT could exclude all individuals who were not infected 
(specificity was 100%). All IgG and /or IgM positive cases detected by RDT were actually infected with T. gondii (PPV 100%) 
while 69.6% who were IgG negative and 87.7% of those who were IgM negative by RDT were actually not infected (NPV were 
69.6% and 87.7% respectively).  
  This study also revealed a good to moderate agreement between the two tests for detecting IgG antibodies (77.7% 
with kappa test of 0.549). As regards IgM, instead that the total agreement was 88.3%, Kappa test was 0.406 indicating poor to 
fair agreement. This was due to the low agreement percentage among positive cases (29.03%). 

In accordance to our findings, the study done on healthy blood donors from blood transfusion center of Military 
hospital, Omdurman, Sudan, revealed that ELISA technique was more sensitive than RDT in detecting IgG positive sera 
(27.15% vs 18.8%) (Abdelkareem, and Eltayeb, 2015). On the other hand, a study was done in Baghdad on female visitors to a 
private gynecology clinic to compare the results of Toxoplasma IgG and IgM rapid test  to those of ELISA test . RDT showed a 
sensitivity of 88% and a specificity of 89.29% when detecting IgG, while it revealed a sensitivity of 95% and a specificity of 
98.9% for IgM (Hassan, Ghazi & Ahmed, 2010). The study done on pregnant women in Benin aimed to evaluate RDT versus 
ARCHITECT CIMA technique. Performances for IgG were: sensitivity 97%, specificity 100%, PPV 100%, NPV 97.1% while 
those for IgM were: sensitivity 33.3%, specificity 100%, PPV 100%, NPV 99.2% (Ogouyèmi-Hounto et al., 2014). 

Most commercial serological kits use native antigens prepared from tachyzoites (whole cell lysate Ag). These tests are 
difficult to standardize and frequently provide insufficient specificity (Wilson et al., 1997). Recently, some studies tried to 
improve the performance of RDT by experimentally testing different purified recombinant protein antigens of T. gondii 
(surface antigens SAG, dense granule antigens GRA, rhoptry antigens and matrix proteins) either on animal or human sera 
(Chong et al., 2011; Huang et al., 2004)). These antigens were previously and widely used in ELISA assays for routine diagnosis 
and were documented to improve its serological diagnosis of toxoplasmosis (Holec-Gasio & Kur; Kotresha & Noordin, 2010). 
Song et al developed a RDT to diagnose T. gondii specific antibodies in human, by linking a recombinant antigenic N-terminal 
half of SAG1 with an intrinsically unstructured domain of GRA2 protein. The overall specificity and sensitivity were estimated 
as 100% and 97.1% respectively when compared with ELISA results (Song et al., 2013). Kim et al compared and analyzed 
results of ELISA and RDT (mounted with recombinant fragment of SAG1 antigen) using the sera collected from residents of 
Gyodong-do (Island), Korea. The sero-positivity recorded by ELISA was ranging between 14.7% and 32.1%. Meanwhile RDT, 
more sensitively, detected a higher prevalence range from 21.7% to 33.1%.  ELISA values agreed fairly well with RDT results 
when the OD was either under 0.15 or above 0.35. Disagreement between the results of the two tests appeared when the OD 
ranged from 0.15 to 0.35 (around the cut off value: 0.25). As at the range of 0.15 to 0.24, RDT was able to detect 16.1% more 
positive cases that might represent an early or acute toxoplasmosis which could be missed by ELISA. On the other hand, RDT 
agreed with ELISA only in 64.1% of cases at the OD range of 0.25-0.34. This could be interpreted either as the ELISA at this 
range was showing a false positive rate of 35.9% or as RDT having a low detection rate, so ELISA was able to detect 35.9% 
more positives (most probably chronic infections). Abundant antibodies against various Toxoplasma antigens are usually 
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found during chronic infections. These antigens could be detected by ELISA as the test used T. gondii whole cell lysate as 
antigen. On the other hand, RDT results would be limited as it used only rSAG1A-GRA2 antigen (Kim et al., 2017). 

In conclusion, although the RDT performance is found to be inferior compared to ELISA especially in detecting IgM, 
yet it has high specificity (100%) so we can recommend it for excluding those having the disease ( detect the absence of the 
disease). Also, its speed, simplicity and low cost together with its good-moderate performance in detecting IgG, present an 
important diagnostic potential for RDT in clinical practice providing a preliminary screening tool to detect IgG antibodies for 
routine tests and mass screening programs in areas (remote ones) where toxoplasmosis is endemic, where laboratory 
facilities for ELISA and expert technicians are not usually available. Positive cases should be re-examined by a more sensitive 
test to detect early infection (as by IgG avidity test). Also, the development of a commercial RDT based on more sensitive and 
specific antigens is mandatory for the diagnosis and the discrimination of IgM and IgG antibodies, which is a crucial step 
towards management and control of the disease.     
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Appendix 

 
Diagnostic Methods Sample Examined N=188 Total Infected 

IgG (+ve) IgM (+ve) 
No. % No. % No. % 

RDT 50 26.6 9 4.8 50 26.6 
ELISA 92 48.9 31 16.5 92 48.9 

Mc Nemar test 0.001* <0.001* 0.001* 
Table 1: Prevalence of Toxoplasmosis among Mentally Disabled Individuals According to the Diagnostic Methods Used 
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Toxoplasma Specific Antibodies ELISA RDT 

No. % No. % 
IgG (+ve)/ IgM (-ve) 61 32.45 41 21.8 

IgG/IgM (+ve) 31 16.5 9 4.8 
IgG/IgM (-ve) 96 51.1 138 73.4 

Total 188 100 188 100 
Table 2: Distribution of Anti-Toxoplasma Specific IGG and IGM Antibodies among  

Mentally Disabled Individuals by Both Techniques 
 

RDT ELISA Total Infected Agreement % Kappa P 
+ve -ve 

+ve 50 0 50 54.35% 0.549 
 

<0.001* 
-ve 42 96 138 100% 

total 92 96 188 77.7% 
Table 3: Agreement between the RDT and Reference ELISA for Detecting IGG Antibodies in  

Sera of Mentally Disabled Individuals 
 

RDT ELISA Total Infected Agreement % Kappa P 
+ve -ve 

+ve 9 0 9 29.03% 0.406 <0.001* 

-ve 22 157 179 100% 
Total 31 157 188 88.3% 

Table 4: Agreement between RDT and Reference ELISA for Detecting IGM Antibodies in  
Sera of Mentally Disabled Individuals 

 
RDT Diagnostic Accuracy Test 

Diagnostic efficiency % Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV% 
(95% CI) 

IgG 77.7 54.35 
(43.7- 64.7) 

100 
(95.2- 100) 

100 
(91.1- 100) 

69.6 
(61.1- 77) 

IgM 88.3 29.03 
(14.9- 48.2) 

100 
(79.02- 100) 

100 
(62.9- 100) 

87.7 
(81.8- 92) 

Table 5:  Diagnostic Parameters of RDT versus ELISA As Diagnostic Gold Standard for Detecting IGG and Igmtoxoplasma 
Antibodies in Sera of Mentally Disabled Individuals 

PPV: Positive Predictive Value                       
 NPV: Negative Predictive Value 

 

 
Figure 1: O.D Value of Cut off Calibrator (32IU/Ml = 1.169) 

 


