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Toxoplasmosis is a worldwide zoonosis that generally produces an asymptomatic infection. In some cases, how-
ever, toxoplasmosis infection can lead to ocular damage. The immune system has a crucial role in both the course 
of the infection and in the evolution of toxoplasmosis disease. In particular, IFN-γ plays an important role in resis-
tance to toxoplasmosis. Polymorphisms in genes encoding cytokines have been shown to have an association with 
susceptibility to parasitic diseases. The aim of this work was to analyse the occurrence of polymorphisms in the 
gene encoding IFN-γ (+874T/A) among Toxoplasma gondii seropositive individuals, including those with ocular le-
sions caused by the parasite, from a rural population of Santa Rita de Cássia, Barra Mansa, state of Rio de Janeiro, 
Brazil. Further, we verified which of these polymorphisms could be related to susceptibility to the development of 
ocular toxoplasmosis. This study included 34 individuals with ocular toxoplasmosis (ocular group) and 134 without 
ocular lesions (control group). The differences between A and T allele distributions were not statistically significant 
between the two groups. However, we observed that a higher frequency of individuals from the ocular group pos-
sessed the A/A genotype, when compared with the control group, suggesting that homozygocity for the A allele could 
enhance susceptibility to ocular toxoplasmosis in T. gondii infection.  

Key words: toxoplasmosis - interferon-gamma - chorioretinitis - single nucleotide polymorphism

Toxoplasmosis is a worldwide zoonosis caused by 
Toxoplasma gondii, an intracellular protozoan. The 
prevalence of this infection ranges from 15-85%, de-
pending on social habits, geographic and weather dis-
tribution (Amendoeira et al. 1999, Garcia et al. 1999, 
Sobral et al. 2005). Cats and other felids from the genera 
Lynx and Felis are the definitive hosts of the parasite and 
warm-blooded animals, including humans, are inter-
mediate hosts (Krick & Remington 1978, Amendoeira 
1995, Garcia et al. 1999). T. gondii is a lifelong persis-
tence parasite and almost 90% of infected individuals 
are asymptomatic. In some cases, however, infection can 
cause destructive inflammation that targets multiple or-
gans, including the brain and eyes. Ocular toxoplasmosis 
can originate from acquired or congenital toxoplasmosis, 
causing necrotizing retinitis or retinochoroiditis (Lyn-
field & Guerina 1997, Garcia et al. 1999, Montoya 
& Liesenfeld 2004). Although most cases of human 
eye infection are believed to be congenital in origin, 
acquired acute toxoplasmic retinochoroiditis may be 
more prevalent than has been recognised (estimates 
of prevalence range from 0.6-17.7%) (Smith & Ganley 
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1972, Melamed 1988, 2009, Glasner et al. 1992, Abreu 
et al. 1998, Holland 2009).

Immune mechanisms against T. gondii ocular infec-
tion have not yet been fully clarified. However, it has been 
suggested that a strong T helper 1 response, with gamma 
interferon secretion, is crucial for protection in a murine 
model (Gazzinelli et al. 1994) and for controlling parasite 
growth in chronically infected hosts (Suzuki et al. 1989). 
Norose et al. (2005) observed that IFN-γ  knockout mice 
showed mild inflammation and sludging of blood in the 
retina and choroid, demonstrating the role of this cytokine 
in controlling ocular disease. In addition, the relationships 
between polymorphisms in genes encoding cytokines and 
resistance or susceptibility to several diseases have been 
studied (Barret et al. 2003, Mac Lean et al. 2004, Rodri-
guez-Pérez et al. 2005, Spriewald et al. 2005, El-Shabrawi 
et al. 2006, Martinez-Pomar et al. 2006). These studies sug-
gest that these polymorphisms may influence the course of 
a parasitic disease. In toxoplasmosis infection, single nucle-
otide polymorphisms (SNPs) in IL10 -1082G/A (*124092 
INTERLEUKIN 10; IL10), TNF -308G/A (*191160 TU-
MOUR NECROSIS FACTOR, ALPHA; TNF), IL1A 
-889C/T (*147760 INTERLEUKIN 1-ALPHA; IL1A) and 
IL1B +3954C/T (*147720 INTERLEUKIN 1-BETA; IL1B) 
have been previously described in retinochoroiditis (Cor-
deiro et al. 2008a-c). However, there is no data in the litera-
ture regarding the role of the IFN-γ +874T/A SNP in either 
toxoplasmosis infection or ocular outcome. We conducted 
a population case-control study to investigate the role of the 
(*147570 interferon, gamma; IFN-γ) IFN-γ +874T/A SNP 
in retinochoroiditis susceptibility.
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Patients, MATERIALS AND METHODS

Study population - This study was performed in a 
rural area called Santa Rita de Cássia, Barra Mansa, 
located 176 miles from city of Rio de Janeiro, state of 
Rio de Janeiro (RJ), Brazil. Several cases of visual im-
pairment had been reported by the local Health Service 
as suspected ocular toxoplasmosis. Serological anti-T. 
gondii tests and fundoscopy were performed on 1,071 
individuals, comprising about 82.4% of community 
population of Santa Rita de Cássia. Among these, 706 
(65.9%) were seropositive for T. gondii. Ocular lesions 
were defined by the presence of IgG antibodies against 
T. gondii and retinochoroiditis with active or cicatrized 
lesions. T. gondii seropositive community controls (n 
= 134) were recruited and matched by sex and age. T. 
gondii seropositive individuals were excluded if they 
were related to either toxoplasmosis ocular cases or con-
trols. Written informed consent was obtained from all 
subjects and the study was approved by the Human Re-
search Ethics Committee of Instituto de Pesquisas Clíni-
cas Evandro Chagas-Fiocruz, RJ, Brazil, on 07/07/2006 
(CEP: 0039.0.011.099-06).

Toxoplasmosis diagnosis - Indirect immunofluores-
cence (IIF) and Enzyme Linked Immunosorbent Assays 
(ELISA) were performed as described by Coutinho et al. 
(1970) and Uchôa et al. (1999), respectively. Serum was 
considered positive if it showed titer ≥ 1/16 (IIF) or an 
ELISA score of 1.4-fold higher than the ELISA cut-off.

Genomic DNA extraction - Five mililiter of blood 
was collected in EDTA tubes for genomic DNA ex-
traction, using a DNA blood mini kit (QIAgen), fol-
lowing the protocol described by the manufacturer. 
All genomic DNA extractions were subjected to 2% 
agarose gel electrophoresis, visualised with ethidium 
bromide and observed on an ultraviolet transillumina-
tor to confirm their integrity.

IFN-γ polymorphism - The IFN-γ T/A polymorphism 
typed in this study was a SNP at the +874 position. The 
SNP typing protocol was described by Pravica et al. 
(2000). The T and A polymorphism sequences were iden-
tified using a specific single stranded oligonucleotide, 
synthesised to cover a 24-bp region for each allele. An 
amplification refractory mutation system by polymerase 
chain reaction (ARMS-PCR) was performed in a total 
volume of 20 µL containing 1 µL of generic primer (100 
pmol/µL; 5´ -TCA ACA AAG CTG ATA CTC CA -3´), 
1 µL of specific A primer (100 pmol/µL, 5´ - TTC TTA 
CAA CAC AAA ATC AAA TCA -3´) or 1 µL of specific 
T primer (100 pmol/µL, 5´ - TTC TTA CAA CAC AAA 
ATC AAA TCT -3´), 1 µL of internal control 1 (10 pmol/
µL, 5´ - GCC TTC CCA ACC ATT CCC TTA -3´), 1 µL 
of internal control 2 (10 pmol/µL, 5´ - TCA CGG ATT 
TCT GTT GTG TTTC -3´), 4 µL of dNTP (2 mM), 2.4 
µL of MgCl2 (25 mM),  3 µL of buffer (10X), 0.5 µL of 
Taq DNA polymerase (5 U/µL), 4.1 µL of sterile MiliQ 
H2O and 2 µL of genomic DNA. ARMS-PCR was per-
formed in a thermocycler (Applied Biosystems) with 
the cycles: 95oC (3 min), 10 cycles of 95oC (15 s), 65oC 
(50 s) and 72oC (40 s), followed by 20 cycles of 95oC 

(20 s), 55oC (50 s) and 72oC (50 s), 72oC (7 min) and 
4oC (hold temperature). ARMS-PCR amplified prod-
ucts were subjected to 1.5% agarose gel electrophore-
sis, stained with ethidium bromide and visualised on 
an ultraviolet transilluminator.

Statistical analysis - Genotypes and allele fre-
quencies were compared between cases and controls 
by Chi Square analysis for a 3 x 2 contingency table, 
using the Epi Info 2000 software (CDC, Atlanta, GA, 
USA); p values were corrected for multiple compari-
sons (age and sex). A corrected p < 0.05 was consid-
ered to be statistically significant.

RESULTS

We identified 41 (5.8%) individuals with ocular le-
sions caused by T. gondii infection from all T. gondii se-
ropositive individuals (n = 706). Seven individuals were 
excluded from the study. Of these, four were related, two 
had moved to another city and one refused to partici-
pate in the study. Among the remaining ocular group, 10 
(29.4%) were male and 24 (70.6%) were female and ages 
ranged from 16-88 (44 ± 20.9 SD) years. We included 
134 control individuals from the T. gondii IgG positive 
individuals, matched by sex and age, for a case:controls 
ratio of 1:4 (Table I).

All 168 individuals were tested by ARMS–PCR at 
the IFNG +874T/A polymorphic site. Forty six (27.3%) 
showed A/A homozygocity, 107 (63.7%) were A/T 
heterozygous and 15 (9%) were T/T homozygous. 

Genotype frequency analysis of the control group 
showed that A/T heterozygotes (68% of 134 genotypes) 
were the largest group. However, the ocular group showed 
a similar frequency of A/A and A/T genotypes. The T/T 
genotype was present in the same frequency among case 
and control groups. No statistically significant differ-
ence was observed (p = 0.054) (Table II) between the 
cases and controls. However, A/A homozygous indi-
viduals showed a 1.62-fold higher risk than other geno-
types of developing retinochoroiditis during T. gondii 
infection (p = 0.014; df = 1) (Table II). The distribution 
of alleles did not differ between the ocular and control 
groups (p = 0.113) (Table II); however, the presence of 
a T allele in heterozygous individuals was sufficient to 
confer protection against retinochoroiditis when the A/T 
heterozygous individuals were compared with the A/A 
homozygous subjects (p = 0.01, df  = 1; uncorrected X2  

= 6.21, OR = 0.36; 0.15-0.88). 
Since the frequency of retinochoroiditis during T. 

gondii infection was higher in female (n = 24; 71%) than 
male (n = 10; 29%) individuals in our community case-
control study, we adjusted the p value by gender. The 
effect remains invariable, since the odds ratio was not 
affected; thus, the p values remain the same. 

DISCUSSION

Ocular toxoplasmosis can cause visual alterations, 
retinochoroiditis and, in some cases, blindness. T. gondii 
infection induces a response by T helper 1 cells, which 
produce IFN-γ, a cytokine that is involved in resistance 
to toxoplasmosis (Suzuki et al. 1989, Scharton-Kersten 
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IFN-γ production levels and the polymorphism at the 
IFN-γ +874T/A position. The T/T genotype associates 
with high levels of IFN-γ production, A/T with medium 
levels and A/A with lower levels (López-Maderuelo et 
al. 2003, Daí et al. 2006, Henao et al. 2006). Recently, 
Cordeiro et al. (2008a-c) described an association be-
tween the IL10 -1082A allele and retinochoroiditis. This 
study also found that the TNF -308G/C, IL1A -889C/T 
and IL1B +3954C/T alleles did not show any association 
with retinochoroiditis. To our knowledge, the +874T/A 
polymorphism in the gene encoding IFN-γ has not pre-
viously been described in toxoplasmosis. The overall 
distribution of this SNP has previously been described 
in Brazilian populations. Our results were proportion-
ally similar to those described by Laguila Visentainer 
et al. 2005. They observed 30.3% of the population pos-
sessed the A/A genotype, 55% possessed the A/T geno-
type and 14.7% with the T/T genotype. Similarly, Matos 
et al. (2007) reported a 38.4%, 45% and 16.6% geno-
type distribution and Visentainer et al. (2008) identified 
a profile of 31.8%, 54% and 14.2% of each genotype. 
Interestingly, Amim et al. (2008) described a differ-
ent profile of genotype distribution in their population 
(45%, 32% and 23%).

The polymorphism in IFN-γ at the +874T/A position 
has been previously described to associate with several 
diseases. The A/A genotype has been shown to be as-
sociated with hepatitis B in China, Yu et al. 2006, Heli-
cobacter pylori gastritis in Italy, Zambon et al. 2005, tu-
berculosis in Spain (López-Maderuelo et al. 2003, type 
2 diabetes mellitus in Greece (Tsiavou et al. 2005 and 
Wegener’s granulomatosis in Germany (Spriewald et al. 
2005). The A/T and T/T genotypes have been shown to 
associate with breast cancer in Iran (Kamali-Sarvestani 
et al. 2005, hepatitis C in Taiwan (Daí et al. 2006) and 
Hashimoto’s disease in Japan (Ito et al. 2006).

Our results showed that the A/T genotype is the most 
frequently in both the control and ocular groups (47% of 
individuals in the ocular group and 67.9% in the control 
group). We observed a statistically significant difference in 
the frequencies of the A/T and A/A genotypes. This result 
suggests that homozygocity for the A allele is associated 
with susceptibility to development of ocular toxoplasmo-
sis. It is know that the resistance to development to ocular 
toxoplasmosis involves the production of IL-12 and IFN-γ 
against parasitic antigens (Vallochi et al. 2002). Individuals 
with the A/A genotype produce less IFN-γ than individuals 
with other genotypes. Together, these facts suggest a possi-
ble mechanism that could explain the relationship between 
the A/A genotype and susceptibility to ocular damage lead-
ing to retinochoroiditis.

We conclude that the A/A genotype can be associ-
ated with susceptibility to ocular toxoplasmosis. Further 
studies involving polymorphisms in other cytokines 
should be performed to understand the role of the im-
mune system in the course of T. gondii infection. 

REFERENCES

Abreu MT, Belfort Jr R, Garcia AR, Muccioli C, Soriano E, Nussen-
blat R, Silveira C 1998. Toxoplasmose ocular em Venda Nova do 
Imigrante, ES, Brasil. Arq Bras Oftalmol 61: 540-545.

TABLE II
IFNG +874T/A genotypes and allele frequencies of ocular and 
control groups in toxoplasmic infection among Toxoplasma gon-
dii seropositive individuals from a rural population at Santa Rita 

de Cássia, Barra Mansa, state of Rio de Janeiro, Brazil

Control group
(n = 134)

Ocular group
(n = 34)

Genotypes n (f) n (f) OR (95% CI) p
A/A 31 (0.23) 15 (0.44) 1 0.054a

A/T 91 (0.68) 16 (0.47) 0.7 (0.18-2.77)
T/T 12 (0.09) 3 (0.09) 1.94 (0.47-7.91)

A/A 31 (0.23) 15 (0.44) 1 0.014b

A/T + T/T 103 (0.87) 19 (0.56) 2.62 (1.1-6.19)

T/T 12 (0.09) 3 (0.09) 1 0.59τ

A/T + A/A 122 (99.1) 31 (99.1) 0.9 (0.19-3.76)

Alleles
   A 153 0.57 46 0.68 1.57 (0.87-2.87) 0.113
   T 115 0.43 22 0.32 0.64 (0.35-1.16)

a: frequencies of genotypes among cases and controls were compared 
using chi square test for 3 x 2 contingency tables (2df, uncorrected); b: 
frequencies of genotypes between cases and controls were compared 
using a 2 x 2 contingency table (uncorrected) in order to analyze the 
both A/A and T/T carries in respect to A/T + T/T and A/T + A/A, 
respectively; f: frequencies; OR: odds ratio; τ: Fisher exact 1-tailed 
p-value was used when sample size was less than 5.

TABLE I
Data information of ocular and control groups in toxoplasmic 
infection among Toxoplasma gondii seropositive individuals 
from a rural population at Santa Rita de Cássia, Barra Mansa, 

state of Rio de Janeiro, Brazil

Variables Ocular group Control group
Sample size 34 134
Gender (male/female) 10/24 40/94
Age (years) ± SD 44 ± 20.9 43 ± 18.9

et al. 1996). Resistance to ocular toxoplasmosis is as-
sociated with the ability to produce IL-12 and IFN-γ 
against parasitic antigens (Vallochi et al. 2002). High 
levels of IFN-γ have been described in both asymptom-
atic and symptomatic T. gondii seropositive individuals, 
compared to negative controls (Fatoochi et al. 2006). 
However, only a slight increase was reported in T. gondii 
asymptomatic individuals compared with individuals af-
flicted with acquired ocular toxoplasmosis (Yamamoto 
et al. 2000). 

Polymorphisms in the genes encoding cytokines, 
including pro-inflammatory cytokines such as TNF-α, 
IL-6, IL-12 e IFN-γ and anti-inflammatory cytoki-
nes such as IL-10 and TGF-β, have previously been 
shown to be associated with several diseases (Barret et 
al. 2003, MacLean et al. 2004, Spriewald et al. 2005, 
El-Shabrawi et al. 2006, Martinez-Pomar et al. 2006). 
Some studies have demonstrated an association between 



IFN-g polymorphism in toxoplasmosis • Maíra Cavalcanti de Albuquerque et al.454

Amendoeira MRR 1995. Mecanismos de transmissão da toxoplas-
mose. An Acad Nac Med Nac 155: 224-225.

Amendoeira MRR, Costa T, Spalding SM 1999. Toxoplasma gondii 
Nicolle & Manceaux, 1909 (Apicomplexa: Sarcocystidae) e a 
toxoplasmose. Rev Sousa Marques 1: 15-35.

Amim LH, Pacheco AG, Fonseca-Costa J, Loredo CS, Rabahi MF, 
Melo MH, Ribeiro FC, Mello FC, Oliveira MM, Lapa E Silva JR, 
Ottenhoff TH, Kritski AL, Santos AR 2008. Role of IFN-gamma 
+874 T/A single nucleotide polymorphism in the tuberculosis out-
come among Brazilians subjects. Mol Biol Rep 35: 563-566.

Barrett S, Collins M, Kenny C, Ryan E, Keane CO, Crowe J 2003. Poly-
morphisms in tumor necrosis factor-alpha, transforming growth 
factor-beta, interleukin-10, interleukin-6, interferon-gamma and 
outcome of hepatitis C virus infection. J Med Virol 71: 212-218.

Cordeiro CA, Moreira PR, Andrade MS, Dutra WO, Campos WR, 
Oréfice F, Teixeira AL 2008a. Interleukin-10 gene polymorphism 
(-1082G/A) is associated with toxoplasmic retinochoroiditis. In-
vest Ophthalmol Vis Sci 49: 1979-1982.

Cordeiro CA, Moreira PR, Costa GC, Dutra WO, Campos WR, Oréfice 
F, Teixeira AL 2008b. TNF-alpha gene polymorphism (-308G/A) 
and toxoplasmic retinochoroiditis. Br J Ophthalmol 92: 986-988.

Cordeiro CA, Moreira PR, Costa GC, Dutra WO, Campos WR, Oré-
fice F, Teixeira AL 2008c. Interleukin-1 gene polymorphisms and 
toxoplasmic retinichoroiditis. Mol Vis 14: 1845-1849.

Coutinho SG, Andrade CM, Malvar GS, Ferreira LF 1970. Análise com-
parativa entre a sensibilidade da reação indireta de anticorpos fluo-
rescentes e da reação de Sabin-Feldman na pesquisa de anticorpos 
séricos para a toxoplasmose. Rev Soc Bras Med Trop 4: 315-325.

Dai CY, Chuang WL, Hsieh MY, Lee LP, Hou NJ, Chen SC, Lin ZY, 
Hsieh MY, Wang LY, Tsai JF, Chang WY, Yu ML 2006. Poly-
morphism of interferon-gamma gene at position +874 and clinical 
characteristics of chronic hepatitis C. Transl Res 148: 128-133.

El-Shabrawi Y, Wegscheider BJ, Weger M, Renner W, Posch U, Ul-
rich, S, Ardjomand N, Hermann J 2006. Polymorphisms within 
tumor necrosis factor-α promoter region in patients with HLA-
B27-associated uveitis. Ophthalmology 113: 695-700.

Fatoochi F, Cozon GJN, Wallon M, Kodjikian L, Peyron F 2006. Sys-
temic T cell response to Toxoplasma gondii antigen in patients 
with ocular toxoplasmosis. Jpn J Ophthalmol 50: 103-110.

Garcia JL, Navarro IT, Ogawa L, Oliveira RC, Kobilka E 1999. So-
roprevalência, epidemiologia e avaliação ocular da toxoplasmose 
humana na zona rural de Jaguapitã (Paraná), Brasil. Rev Panam 
Salud Publica 6: 157-163.

Gazzinelli RT, Brézin A, Li Q, Nussenblatt RB, Chan CC 1994. Toxo-
plasma gondii: acquired ocular toxoplasmosis in the murine model, 
protective role of TNF-α and IFN-γ. Exp Parasitol 78: 217-229.

Glasner PD, Silveira C, Kruszon-Moran D, Martins MC, Burnier Júnior 
M, Silveira S, Camargo ME, Nussenblatt RB, Kaslow RA, Belfort 
Júnior R 1992. An unusually high prevalence of ocular toxoplas-
mosis in Southern Brazil. Am J Ophthalmol 114: 136-144.

Henao MI, Montes C, París SC, García LF 2006. Cytokine gene poly-
morphisms in Colombian patients with different clinical presen-
tations of tuberculosis. Tuberculosis 86: 11-19.

Holland GN 2009. Ocular toxoplasmosis: the influence of patient age. 
Mem Inst Oswaldo Cruz 104: 351-357.

Ito C, Watanabe M, Okuda N, Watanabe C, Iwatani Y 2006. Associa-
tion between the severity of Hashimoto’s disease and the func-
tional +874A/T polymorphism in the interferon-gamma gene. 
Endocr J 53: 473-478.

Kamali-Sarvestani E, Merat A, Talei AR 2005. Polymorphism in the 
genes of alpha and beta tumor necrosis factors (TNF-alpha and 
TNF-beta) and gamma interferon (IFN-gamma) among Iranian 
women with breast cancer. Cancer Lett 223: 113-119.

Krick JA, Remington JS 1978. Toxoplasmosis in the adult - an over-
view. N Engl J Med 298: 550-553.

Laguila Visentainer JE, Lieber SR, Lopes Persoli LB, Dutra Marques 
SB, Vigorito AC, Penteado Aranha FJ, de Brito Eid KA, Oliveira 
GB, Martins Miranda EC, Bragotto L, de Souza CA 2005. Re-
lationship between cytokine gene polymorphisms and graft-ver-
sus-host disease after allogenetic stem cell transplantation in a 
Brazilian population. Cytokine 32: 171-177.

López-Maderuelo D, Arnalich F, Serantes R, González A, Codoceo 
R, Madero R, Vázquez JJ, Montiel C 2003. Interferon-γ and inter-
leukin-10 gene polymorphisms in pulmonary tuberculosis. Am J 
Respir Crit Care Med 167: 970-975.

Lynfield R, Guerina NG 1997. Toxoplasmosis. Pediatr Rev 18: 75-83.

Maclean L, Chisi JE, Odiit M, Gibson WC, Ferris V, Picozzi K, 
Sternberg JM 2004. Severity of human african trypanoso-
miasis is East Africa is associated with geographic location, 
parasite genotype and host inf lammatory cytokine response 
profile. Infect Immun 72: 7040-7044.

Martinez-Pomar N, Raga S, Ferrer J, Pons J, Munoz-Saa I, Julia M-R, 
de Gracia J, Matamoros N 2006. Elevated serum interleukin (IL)-
12p40 levels in common variable immunodeficiency disease and 
decreased peripheral blood dendritic cells: analysis of IL-12p40 
and interferon-γ gene. Clin Exp Immunol 144: 233-238.

Matos GI, Covas CJ, Bittar RC, Gomes-Silva A, Marques F, Maniero 
VC, Amato VS, Oliveira-Neto MP, Mattos MS, Pirmez C, Sam-
paio EP, Moraes MO, Da-Cruz AM 2007. IFNG +874T/A poly-
morphism is not associated with American tegumentary leish-
maniasis susceptibility but can influence Leishmania induced 
IFN-gamma production. BMC Infect Dis 7: 33.

Melamed J 1988. Peculiaridades da toxoplasmose ocular no Rio 
Grande do Sul. Arq Bras Oftalmol 51: 197-200.

Melamed J 2009. Contributions to the history of ocular toxoplasmosis 
in Southern Brazil.  Mem Inst Oswaldo Cruz 104: 358-363.

Montoya JD, Liesenfeld O 2004. Toxoplasmosis. Lancet 363: 1965-1976.

Norose K, Aosai F, Mizota A, Yamamoto S, Mun HS, Yano A 2005. 
Deterioration of visual function as examined by electroretino-
grams in Toxoplasma gondii-infected IFN-gamma-knockout 
mice. Invest Ophthalmol Vis Sci 46: 317-321.

Pravica V, Perrey C, Stevens A, Lee J-H, Hutchinson IV 2000. A single 
nucleotide polymorphism in the first intron of the human IFN-γ 
gene: absolute correlation with a polymorphic CA microsatellite 
marker of high IFN-γ production. Hum Immunol 61: 863-866.

Rodríguez-Pérez JM, Cruz-Robles D, Hernández-Pacheco G, Pér-
ez-Hernández N, Murguía LE, Granados J, Reyes PA, Vargas-
Alarcón G 2005. Tumor necrosis factor-alpha promoter poly-
morphism in Mexican patients with Chaga’s disease. Immunol 
Lett 98: 97-102. 

Scharton-Kersten TM, Wynn TA, Denkers EY, Bala S, Grunvald E, 
Hieny S, Gazzinelli RT, Sher A 1996. In the absence of endog-
enous IFN-gamma, mice develop unimpaired IL-12 responses to 
Toxoplasma gondii while failing to control acute infection. J Im-
munol 157: 4045-4054.

Smith RE, Ganley JP 1972. Presumed ocular histoplasmosis I, his-
toplasmin skin test sensitivity in cases identified during a com-
munity survey. Arch Ophthalmol 87: 245-250.

Sobral CA, Amendoeira MR, Teva A, Patel BN, Klein CH 2005. Se-
roprevalence of infection with Toxoplasma gondii in indigenous 
Brazilian populations. Am J Trop Med Hyg 72: 37-41.



455Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 104(3), May 2009

Spriewald BM, Witzke O, Wassmuth R, Wenzel RR, Arnold ML, 
Philipp T, Kalden JR 2005. Distinct tumor necrosis factor al-
pha, interferon gamma, interleukin 10 and cytotoxic T cell 
antigen 4 gene polymorphisms in disease occurrence and end 
stage renal disease in Wegener’s granulomatosis. Ann Rheum 
Dis 64: 457-461.

Suzuki Y, Conley FK, Remington JS 1989. Importance of endogenous 
IFN-γ for prevention of toxoplasmic encephalitis in mice. J Im-
munol 143: 2045-2050.

Tsiavou A, Hatziagelaki E, Chaidaroglou A, Koniavitou K, Degiannis 
D, Raptis AS 2005. Correlation between intracellular interferon-
gamma (IFN-gamma) production by CD4+ and CD8+ lympho-
cytes and IFN-gamma gene polymorphism in patients with type 
2 diabetes mellitus and latent autoimmune diabetes of adults 
(LADA). Cytokine 31: 135-141.

Uchôa CMA, Duarte R, Laurentino-Silva V, Alexandre GMC, Fer-
reira HG, Amendoeira MRR 1999. Padronização de ensaio imu-
noenzimático para pesquisa de anticorpos das classes IgM e IgG 
anti-Toxoplasma gondii e comparação com a técnica de imuno-
fluorescência indireta. Rev Soc Bras Med Trop 32: 661-669.

Vallochi AL, Nakamura MV, Schlesinger D, Martins MC, Silveira C, 
Belfort Jr R, Rizzo LV 2002. Ocular toxoplasmosis: more than 
just what meets the eye. Scand J Immunol 55: 324-328.

Visentainer JE, Sell AM, Silva GC, Cavichioli ADG, Franceschi 
DSA, Lieber SR, Souza CA 2008. TNF, IFNG, IL6, IL10 and 
TGFB1 gene polymorphism in South and Southeast Brazil. Int J 
Immunogenet 35: 287-293.

Yamamoto JH, Vallochi AL, Silveira C, Filho JK, Nussenblatt RB, 
Cunha-Neto E, Gazzinelli RT, Belfort R Jr, Rizzo LV 2000. Dis-
crimination between patients with acquired toxoplasmosis and 
congenital toxoplasmosis on the basis of the immune response to 
parasite antigens. J Infect Dis 181: 2018-2022.

Yu H, Zhu QR, Gu SQ, Fei LE 2006. Relationship between IFN-γ 
gene polymorphism and susceptibility to intrauterine HBV infec-
tion. World J Gastroenterol 12: 2928-2931.

Zambon CF, Basso D, Navaglia F, Belluco C, Falda A, Fogar P, Greco E, 
Gallo N, Rugge M, Di Mario F, Plebani M 2005. Pro- and anti-in-
flammatory cytokines gene polymorphisms and Helicobacter pylori 
infection: interactions influence outcome. Cytokine 29: 141-152.


