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ABSTRACT

Reliable laboratory testing is important to detect Toxoplasma gondii infection 
and focuses on improving the low cost and easy to use the diagnostic 
instrument. Enzyme-linked immunosorbent assay (ELISA) method can be 
used to determine a large number of samples within a short period of time 
which based on antibody or antigen detection. We tested the sensitivity 
and specificity of GRA1 protein of as antigen using the ELISA method to 
toxoplasmosis diagnosis and compared it with commercial ELISA kit. Seventy 
sera samples were collected and tested using indirect ELISA, commercial 
ELISA kit and GRA1 protein-coated as antigen. The results showed 48 and 
51 samples had positive IgG antibody using ELISA-GRA1 and commercial 
ELISA kit, respectively. The GRA1 sensitivity and specificity on ELISA were 
100% and 86.36%, respectively. Whereas positive predictive value (PPV) was 
94.11%. This result indicated that the recombinant GRA1 protein is a highly 
immunogenic protein in human toxoplasmosis and marker for toxoplasmosis 
screening.
 
ABSTRAK

Pengujian laboratorium yang handal penting untuk mendeteksi infeksi 
Toxoplasma gondii dan berfokus untuk meningkatkan instrumen diagnosis 
yang murah dan mudah digunakan. Metode Enzyme-linked immunosorbent 
assay (ELISA) dapat digunakan untuk menguji sampel dalam jumlah besar 
dalam waktu singkat dan berdasarkan pada deteksi antibodi atau antigen. 
Kami menguji sensitifitas dan spesifisitas dari protein GRA1 sebagai antigen 
pada metode ELISA untuk mendiagnosis toxoplasmosis dan dibandingkan 
dengan commercial ELISA kit. Tujuh puluh sampel serum dikumpulkan dan 
diuji menggunakan indirect ELISA, ELISA kit komersial dan protein GRA1 
dilapisi sebagai antigen (ELISA-GRA1). Hasil penelitian menunjukkan, 48 
dan 51 sampel positif memiliki antibodi IgG berturut-turut menggunakan 
ELISA-GRA1 dan ELISA kit komersial. Sensitivitas dan spesivisitas dari 
ELISA-GRA1 adalah 100% and 86,36%, positive prediction value (PPV) adalah 
94,11%. Hasil ini menunjukkan protein GRA1 rekombinan adalah protein 
yang sangat imunogenik pada toksoplasmosis manusia dan marker untuk 
skrining toksoplasmosis.
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INTRODUCTION

Toxoplasmosis is a disease caused by 
infection of obligate protozoan parasite, 
called Toxoplasma gondii. Human can be 
infected by T.gondii through congenital 
toxoplasmosis, consumption habits 
(raw meats, raw vegetables), activity 
with soil/meat without protection, blood 
transfusion, organ transplantation, 
etc. Oocyst become infective stage 
when passed out from definitive host 
and contaminated water sources, soil 
and plants. Most of toxoplasmosis 
is asymptomatic but can be serious 
problems in immunocompromised 
patients and newborns with 
congenital toxoplasmosis. Effect of 
T.gondii infection caused encephalitis 
in immunocompormised hosts, 
chorioretinitis on immunocompetent 
hosts or seriously congenital disease on 
fetus development if pregnant women 
become infected for the first time during 
pregnancy.1 More than 60% world 
population are toxoplasmosis and 90% 
of it asymptomatic even they have T. 
gondii antibodies. It depends on the 
individual immune responses to prevent 
the symptoms.2 

Commonly, detection of 
toxoplasmosis using serological 
methods, such as a dye test (DT), modified 
agglutination test (MAT), enzyme-
linked immunosorbent assays (ELISA), 
immunosorbent agglutination assay 
(ISAGA), indirect fluorescent antibody 
test (IFAT) and indirect haemaglutination 
assays (IHA) to detect T. gondii antibody. 
Parasite demonstrates in tissue can be 
done by culturing of parasite (in vivo 
and in vitro) and detection of spesific 
nucleic acid using DNA probe, PCR 
and L-AMP methods. Enzyme-linked 
immunosorbent assays is a popular and 
easier method for detection of clinically 
toxoplasmosis and commercially 
available. Commercial ELISA kits using 
antigen from native tachyzoites which 
grown in mice or tissue culture and 

probably contain varying amounts of 
extraparasitic material.3 Limitations 
of the tachyzoite antigen for serologic 
tests can be serious problems, another 
antigens should become an alternative 
test, such as using purified recombinant 
antigens which expressed by tachyzoites 
and bradyzoites. However, the whole 
tachyzoite native antigen test is difficult to 
standardize and some cases produce false 
positive reactions.4 Tachyzoites is not the 
only component caused activation of the 
immune response to produce antibody, 
expression of excreted-secreted antigen 
from bradyzoites can induce antibody 
production and  IgG specific T. gondii 
which are always existed in an infected 
host lifetime.

GRA1 has been identified as excreted-
secreted antigen (ESA) in tachyzoites 
and cross-reactive with bradyzoites.5 
It located in the dense granule of both 
tachyzoites and bradyzoites and using as 
T. gondii secretory organelle marker. It 
always secreted in lumen and potentially 
can be identified in body fluid of the 
infected host. GRA1 can induce humoral 
and cellular immune responses in 
chronic infection phase such as increase 
production of antibody and IFN-γ on 
mice and humans. GRA1 epitope is 
presented on MHC class I molecules 
during infection and inducing specific 
CTLs.6-8 GRA-1 was secreted into the 
lumen of the parasitophorous vacuole 
as a soluble protein and associated 
with the membranous tubular network 
peripherally.9 GRA1 was needed for 
secretion of 3 secretory organelles 
of T. gondii and became a marker of 
dense granule proteins.10 GRA1 protein 
vaccination shows CD8+ T-cells activity 
against target cells infected with 
parasites and GRA1 transfected cell line.7

The costs of serologic test in developed 
countries is not prohibitively high and 
have low-cost alternative tests with the 
same sensitivity and specificity. The cost 
of developing the instrument depends 
on efficient production of recombinant 
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antigens.11 The previous study in the 
same project had been developing an 
efficient system for the production and 
purification of GRA1 proteins and had 
tested for immunogenic activity. Based 
on the ability of GRA1 to stimulated 
immune response, we tried its ability as 
antigens to develop the diagnostic tools. 
Sensitivity and specificity of GRA1 as 
antigens in ELISA methods (ELISA-GRA1) 
compared to the commercial ELISA kit to 
the detection of IgG antibodies against T. 
gondii.

MATERIALS AND METHODS

Total of 70 human sera were obtained 
from a previous study in Central Java 
population and approved by Medical 
and Health Research Ethic Committee, 
Faculty of Medicine, Public Health and 
Nursing, Universitas Gadjah Mada for 
study in human subject.12 Sera was tested 
using ELISA methods and separated 
for ELISA kit test and ELISA-GRA1 
coated protein as antigen. Preparation 
of recombinant protein GRA1 consists 
of isolation, characterization, cloning, 
expression and purification of GRA1 
protein. Isolation, characterization, 
cloning and expression of GRA1 protein 
were carried by previous researcher in 
same project 13,14 and the stored culture 
of E. coli inserted with GRA1 protein 
in 4°C until we used for this study. The 
recombinant E. coli was recultured and 
isolated GRA1 protein used to sonication 
for breaking the bacterial membrane. 
Purification of GRA1 protein using Ni-
ted profino column chromatography and 
electrophoresis to confirmed the result. 

Protein recombinant GRA1 was used 

as antigen and coated overnight at 37°C 
using coating buffer (1:10). Dilution of 
human sera and anti-human IgG alkaline 
phosphatase were conjugated 10 times 
and 5000 times, respectively. Human 
sera was added and incubated at 37°C 
at an hour. Washing solution was added 
3 times after each process to remove all 
unbounded particles. Antihuman IgG 
alkaline phosphatase, substrate and 
stop solution were added alternately 
to complete the methods and the 
quantitative result measured by ELISA 
reader. Cut off value was counted by 
mean of negative control. Seropositive 
of Tg-IgG antibodies measured by optical 
density and compared with cutoff value. 

Effectiveness of GRA1 as promising-
antigen was evaluated by ELISA kit 
commercial (GenWay BioTech) coated 
with native tachyzoites. Procedure of 
ELISA kit was followed the manual 
instruction. The kit consists of dilution 
buffer, washing buffer, negative and 
positive control, 4 types of calibrator 
to differentiate negative, low and high 
positive antibody concentration.

RESULTS

Serodiagnostic using recombinant 
proteins of T. gondii were evaluated 
by  ELISA-GRA1 and compared with 
commercial ELISA kit. Sensitivity 
and specificity were measured for 
effectiveness detection of GRA1 protein 
as antigen. The result of GRA1-ELISA 
showed 51 positive and 19 negative 
samples, while the result of ELISA kit 
showed 48 positive and 22 negative 
samples (TABLE 1).

TABLE 1. Sensitivity and specificity of recombinant protein GRA1

No. ELISA kit
Positive of IgG Negative of IgG Total

No. ELISA-GRA1
Positive of IgG 48 3 51
Negative of IgG 0 19 19
Total 48 22 70
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DISCUSSION

Commercial ELISA kit usually using 
native tachyzoites antigens coated in 
microplate and worldwide distribution 
to toxoplasmosis diagnosis. This tool 
is a high-cost instrument among 
laboratories and not always accurate 
because often produces false positive 
reactions.4 Toxoplasmosis diagnosis is 
an important test for human in every 
social-economic status, development of 
low-cost diagnostic tools are seriously 
important to supporting of health 
status and epidemiological screening in 
infectious disease in populations. 

The result of this study explicitly 
showed GRA1 antigen in ELISA was 
suitabled for detection of serum 
antibody to T. gondii infections and 
clearly distinguished mean OD and 95% 
CI. The method was able to differentiate 
of seropositive and seronegative on T. 
gondii-IgG sera. The test of GRA1-ELISA 
showed 51 positive and 19 negative 
samples, while there were 48 positive 
and 22 negative samples tested by ELISA 
kit (GenWay BioTech).

All estimation of sensitivity and 
specificity observation were greater 
than 80%. Sensitivity of GRA1 is 100% 
and specificity reaches 86.36%. Based 
on 80% of sensitivity and specificity, the 
observed sample size was sufficient to 
estimate good sensitivity and specificity 
as diagnostic tools. 

Dense granule proteins function 
is to manage modification of 
parasitophorous vacuole and intake 
nutrition from the cytoplasm of the 
infected cell.5,15-18 Modification needed 
for tachyzoites development in infected 
cell and replication of parasites on 
parasitophorous vacuole membrane.18 
Most of dense granule proteins secreted 
in parasitophorous vacuoles and 
increased following the number of 
parasite infections. A molecule became 
potential antigen if have foreigness in 
the body a consist of molecule weigh 

over 1kD, complex structure and stabil 
molecules.19 GRA1 protein have been 
reported have immunogenic and 
antigenic activity.6,7,20 Vercammen et al.6 
reported the result of GRA1 vaccination 
induce humoral immune response 
in mice and produce IgG antibodies. 
Naturally, GRA1 in parasitophorous 
vacuoles lumen induce secretion of IgG 
spesific antibodies to GRA1 and can be 
diagnosed using recombinant proteins 
GRA1 and serologic methods with sera 
as samples. 

However, there is a significant 
advantage on preparation of recombinant 
proteins than the preparation of crude T. 
gondii  proteins. Recombinant T. gondii 
proteins can be produced economically 
in large quantities with  in vitro E. coli 
culture, but crude T. gondii antigens 
must be extracted from T. gondii on 
animal models. Crude extracts contain 
large amounts of proteins, other 
macromolecules and most of them can 
affect test results.21 

Purification of recombinant 
protein is an alternative to detection 
of serum antibodies and allow better 
standardization of immunoassays.21-23 
Furthermore, use combination of 
recombinant antigens may enhance 
the sensitivity of antibody-based assay. 
Several previous studies have found 
that recombinant antigens improve 
the serological diagnosis of T. gondii 
infection.22-26 Moreover, recombinant 
antigens have the potential to be used 
to create new tests that can distinguish 
newly acquired infections from those 
obtained in the past.

CONCLUSSION

Our study showed high sensitivity 
and specificity of recombinant protein 
GRA1 as antigens for detections of 
toxoplasmosis using ELISA and specificity 
of GRA1 on ELISA are 100 and 86.36% to 
toxoplasmosis diagnosis.



132

Artama WT, et al., An evaluation study of ...

ACKNOWLEDGEMENTS

This study was supported by the 
Grant given by The Ministry of Research 
and Technology, Republic of Indonesia. 
Recombinant  GRA1 protein was obtained 
from Prof. drh. Wayan Tunas Artama, 
Ph.D.  The authors express thanks to the 
toxoplasmosis team for their generous 
help through the project for providing 
recombinant GRA1 proteins. The authors 
state that they have no conflict of interest.

REFERENCES

1. Montoya JG, Liesenfeld O. Toxoplasmosis. 
Lancet 2004; 363(9425):1965-76.
https : / /doi .org/10.1016/S0140-
6736(04)16412-X 

2. Sibley LD. Toxoplasma gondii: 
perfecting an intracellular life style. 
Traffic 2003; 4(9):581-6. 
https: / /doi .org/10.1034/ j .1600-
0854.2003.00117.x

3. Aubert D, Maine GT, Villena I, Hunt JC, 
Howard L, Sheu M, et al. Recombinant 
antigens to detect Toxoplasma 
gondii-specific immunoglobulin G 
and immunoglobulin M in human 
sera by enzyme immunoassay. J Clin 
Microbiol 2000; 38(3):1144-50.

4. Hassl A, Miller WA, Aspock H. An 
identical epitope in Pneumocystis 
cariniand Toxoplasma gondii 
causing serological cross reactions. 
Parasitol Res 1991; 77(4):351-2.
https://doi.org/10.1007/BF00930914

5. Cesbron-Delauw MF, Lecordier L, 
Mercier C. Role of secretory dense 
granule organelles in the pathogenesis 
of toxoplasmosis. Curr Top Microbiol 
Immunol 1996; 219:59-65.
https://doi.org/10.1007/978-3-642-
51014-4_6

6. Vercammen M, Scorza T, Huygen K, 
De Braekeleer J, Diet R, Jacobs D, et al. 
DNA vaccination with genes encoding 
Toxoplasma gondii antigens GRA1, 
GRA7 and ROP2 induces partially 
protective immunity against lethal 

challenge in mice. Infect Immun 
2000; 68(1):38-45.
https://doi.org/10.1128/iai.68.1.38-
45.2000

7. Scorza T, D’Souza S, Laloup M, Dewit 
J, De Braekeleer J, Verschueren H, 
et al. A GRA1 DNA vaccine primes 
cytolytic CD8(+) T cells to control 
acute Toxoplasma gondii infection. 
Infect Immun 2003; 71(1):309-16.
https://doi.org/10.1128/iai.71.1.309-
316.2003

8. Sulistyaningsih E, Moeljopawiro S, 
Subandono J, Artama WT. Cloning 
of cDNA Encoding GRA1 Protein of 
Tachyzoite Toxoplasma Gondii Local 
Isolate. I J Biotech 2005; 10(1):763-7. 
h t t p s : / / d o i . o r g / 1 0 . 2 2 1 4 6 /
ijbiotech.7411

9. Sibley LD, Mordue DG, Su C, Robben 
PM, Howe DK. Genetic approaches to 
studying virulence and pathogenesis 
in Toxoplasma gondii. Philos 
Trans R Soc Lond B Biol Sci 2002; 
357(1417):81-8.
h t t p s : / / d o i . o r g / 1 0 . 1 0 9 8 /
rstb.2001.1017

10. Carruthers VB. Host cell invasion by the 
opportunistic pathogen Toxoplasma 
gondii. Acta Trop 2002; 81(2):111-22.
https : / /doi .org/10.1016/S0001-
706X(01)00201-7

11. Hiszczynska-sawicka E, Kur J, 
Pielkiewicz H, Holec L, Gasior A, 
Myjak P. Efficientcy production of 
the Toxoplasma gondii GRA6,p35 
and SAG2 recombinant antigens 
and their applications in the 
serodiagnosis of toxoplasmosis. Acta 
Parasitologica 2005; 50(3):249-54.

12. Retmanasari A. Analisis spasial 
dan faktor risiko toksoplasmosis di 
Jawa Tengah bagian selatan. [Tesis]. 
Yogyakarta: Sekolah Pasca Sarjana 
Program Studi Ilmu Kedokteran 
Tropis Universitas Gadjah Mada. 
2015.

13. Utami WS. Isolasi, karakterisasi, dan 
uji diagnosis protein rekombinan 
Gra-1 takizoit Toxoplasma gondii 



133

J Med Sci, Volume 51, Number. 2, 2019 April: 128-133

isolate lokal. [Tesis]. Yogyakarta: 
Sekolah Pasca Sarjana Program Studi 
Ilmu Kedokteran Tropis Universitas 
Gadjah Mada. 2009.

14. Widayanti E. Subkloning dan 
over ekspresi gen penyandi GRA-1 
Takizoit Toxoplasma gondii isolate 
lokal. [Tesis]. Yogyakarta: Sekolah 
Pasca Sarjana Program Studi Ilmu 
Bioteknologi Universitas Gadjah 
Mada. 2008.

15. Wu XN, Lin J, Lin X, Chen J, Chen ZL, 
Lin JY. Multicomponent DNA vaccine-
encoding Toxoplasma gondii GRA1 
and SAG1 primes: anti-Toxoplasma 
immune response in mice. Parasitol 
Res 2012; 111(5):2001-9.
https://doi.org/10.1007/s00436-012-
3047-y

16. Black MW, Boothroyd JC. Lytic cycle 
of Toxoplasma gondii. Microbiol Mol 
Biol Rev 2000; 64(3):607-23.
h t t p s : / / d o i . o r g / 1 0 . 1 1 2 8 /
mmbr.64.3.607-623.2000

17. Miller CM, Boulter NR, Ikin RJ, Smith 
RJ. The immunology of the innate 
response of Toxoplasma gondii. Int 
J Parasitol 2009; 39(1):23-39.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
ijpara.2008.08.002

18. Nam HW. GRA proteins of 
Toxoplasma gondii: maintenance 
of host-parasite interactions across 
the parasitophorous vacuolar 
membrane. Korean J Parasitol 2009; 
47 Suppl:29-37.
h t t p s : / / d o i . o r g / 1 0 . 3 3 4 7 /
kjp.2009.47.S.S29

19. Tizzard IR. Veterinary immunology. 
9th ed. Philadelphia (Pennsylvania): 
WB Saunders Co. 2013.

20. Doskaya M, Kalantari-Dehaghi M, 
Walsh CM, Hiszczyńska-Sawicka E, 
Davies DH, Felgner PL, et al. GRA1 
protein vaccine confers better 
immune response compared to 
codon-optimized GRA1 DNA vaccine. 
Vaccine 2007; 25(10):1824-37.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
vaccine.2006.10.060

21. Holec-Gasior L. Toxoplasma gondii 
recombinant antigens as tools for 
serodiagnosis of human toxoplasmosis: 
current status of studies. Clin Vaccine 
Immunol 2013; 20(9):1343-51.
https://doi.org/10.1128/CVI.00117-13

22. Subekti DT, Artama WT, Poerwanto 
SH, Sulistyaningsih E, Sari Y. Study 
of Antigenicity and immunigenicity 
GRA1 protein from Toxoplasma 
gondii. Ber Biol 2012; 11:43-52.

23. Wang Z, Ge W, Huang S, Li J, Zhu X, 
Liu Q. Evaluation of recombinant 
granule antigens GRA1and GRA7 for 
serodiagnosis of Toxoplasma gondii 
infection in dogs. BMC Vet Res 2014; 
10:158.
https://doi.org/10.1186/1746-6148-
10-158

24. Zhou H, Min J, Zhao Q, Gu Q, Cong 
H, Li Y. Protective immune response 
against Toxoplasma gondii elicited 
by a recombinant DNA vaccine with 
a novel genetic adjuvant. Vaccine 
2012; 30(10):1800-6.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
vaccine.2012.01.004

25. Ferrandiz J, Mercier C, Wallon M, 
Picot S, Cesbron-Delauw MF, Peyron 
F. Limited value of assays using 
detection of immunoglobulin G 
antibodies to the two recombinant 
dense granule antigens, GRA1 and 
GRA6 Nt of Toxoplasma gondii, 
for distinguishing between acute 
and chronic infections in pregnant 
women. Clin Diagn Lab Immunol 
2004; 11(6):1016-21.
h t t p s : / / d o i . o r g / 1 0 . 1 1 2 8 /
CDLI.11.6.1016-1021.2004

26. Gedik Y, Gülçe S, Can H, Döskaya AD, 
Gürhan S, Gürüz Y, et al. Immunogenic 
multistage recombinant protein 
vaccine confers partial protection 
against experimental toxoplasmosis 
mimicking natural infection in 
murine model. Trials in Vaccinology 
2016; 5:15-23.
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
trivac.2015.11.002


