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A B S T R A C T

CeC chemokine receptor type 5 (CCR5) is a chemokine receptor that influences the immune response to in-
fectious and parasitic diseases. This study aimed to determine whether the CCR5Δ32 and CCR5 59029 A/G
polymorphisms are associated with the development of ocular toxoplasmosis in humans. Patients with positive
serology for Toxoplasma gondii were analyzed and grouped as ‘with ocular toxoplasmosis’ (G1: n = 160) or
‘without ocular toxoplasmosis’ (G2: n = 160). A control group (G3) consisted of 160 individuals with negative
serology. The characterization of the CCR5Δ32 and CCR5 59029 A/G polymorphisms was by PCR and by PCR-
RFLP, respectively. The difference between the groups with respect to the mean age (G1: mean age: 47.3,
SD ± 19.3, median: 46 [range: 18–95]; G2: mean age: 61.3, SD ± 13.7, median: 61 [range: 21–87]; G3: mean
age: 38.8, SD ± 17.9, median: 34 [range: 18–80]) was statistically significant (G1 vs.G2: p-value< 0.0001;
t = 7.21; DF = 318; G1 vs.G3: p-value<0.0001; t = 4.32; DF = 318; G2 vs. G3: p-value<0.0001; t = 9.62;
DF = 318). The Nagelkerke r2 value was 0.040. There were statistically significant differences for the CCR5/
CCR5 (p-value = 0.008; OR = 0.261), AA (p-value = 0.007; OR = 2.974) and AG genotypes (p-value = 0.018;
OR = 2.447) between G1 and G2. Individuals with the CCR5/CCR5 genotype and simultaneously the CCR5-
59029 AA or AG genotypes have a greater risk of developing ocular toxoplasmosis (4% greater), which may be
associated with a strong and persistent inflammatory response in ocular tissue.

1. Introduction

Ocular toxoplasmosis (OT) is the most common cause of posterior
uveitis. Its severity may vary according to the immune system of each
patient and the reactivation of latent parasites within the retina trig-
gering necrotizing retinopathy and leading to visual impairment (de-la-
Torre et al., 2014). The lesions usually heal within two to four months
in immunocompetent patients leaving a hyper-pigmented scar. In more
than 70% of cases of patients seeking an ophthalmologist, OT lesions
that have healed are associated with other injuries (Maenz et al., 2014).
Some years ago, we demonstrated that OT represents 27% of ocular

diseases among patients from the northwestern region of São Paulo
State, Brazil (Ferreira et al., 2014).

CCR5 is a chemokine receptor expressed on several cells with im-
mune function whose role consists in the recruitment and mobilization
of cells to sites of inflammation (Silva-Carvalho et al., 2016). The
CCR5Δ32 polymorphism, characterized by a deletion of 32 nucleotides,
results in a low expression of a non-functional protein on the cell sur-
face (Gupta and Padh, 2015; Silva-Carvalho et al., 2016). Studies have
demonstrated that CCR5-deficient murine animals have increased sus-
ceptibility to T. gondii infection as well as an increase in the number of
parasites in the liver and intestine (Bonfá et al., 2014). Individuals with
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the AA genotype, which relates to the CCR5 promoter polymorphism
59029, show higher CCR5 expression on the leukocyte surface when
compared to the other genotypes (Oliveira et al., 2015).

These polymorphisms have been correlated with susceptibility to
various infectious diseases including HIV and inflammatory diseases
such as osteomyelitis, preeclampsia, rheumatoid arthritis and systemic
lupus erythematosus (Rao et al., 2014; Silva-Carvalho et al., 2016;
Gupta and Padh, 2015; Souza et al., 2015). The aim of this study was to
investigate possible associations of the CCR5Δ32 (rs333) and CCR5
59029 A/G (rs1799987) polymorphisms with the development of OT in
humans.

2. Materials and methods

2.1. Ethics information

All individuals, who agreed to participate in this research, were
informed about the nature of the study and were required to sign an
informed consent form authorizing the use of their samples. The study
was approved by the Research Ethics Committee of the Medicine School
in São José do Rio Preto (case #1980/2009).

2.2. Sample selection and clinical diagnosis

This study enrolled 320 immunocompetent patients with ser-
ologically diagnosed toxoplasmosis (IgG anti-T. gondii antibodies)
matched by gender, being treated in the Retinopathy Outpatient Service
of Hospital de Base of the Medicine School in São José do Rio Preto
(FUNFARME) and in the Medical Services Outpatient Clinic (AME) in
São José do Rio Preto. Patients were grouped as ‘with OT’ (G1;
n = 160) or ‘without OT’ (G2; n = 160). Patients ‘without OT’ had
other ocular diseases without any evidence of OT. In order to verify the
frequency of the alleles in the study population, a control group (G3)
was formed of 160 healthy volunteer blood donors from the blood bank
of São José do Rio Preto, whose serology results for antibodies against
toxoplasmosis were negative.

The clinical evaluation of subjects was conducted by two experi-
enced physicians using an indirect binocular ophthalmoscope
(Binocular Ophthalmoscope ID10, Topcon Corporation, USA), and all
were classified according to the ETDRS criteria (ETDRS, 1985).

2.3. Inclusion/exclusion criteria

The inclusion criteria of the patient groups were positive laboratory
diagnosis of toxoplasmosis, the presence of ocular scars/lesions (G1) or
without ocular scars/lesions due to toxoplasmosis (G2), and being a
resident in a municipality in the northwestern region of the state of Sao
Paulo. The inclusion criteria for the control group (G3) were negative
laboratory diagnosis for toxoplasmosis and living in the same geo-
graphical region as the patients.

The exclusion criteria for all groups were other infectious and
parasitic diseases, blood dyscrasia, and the use of oral anticoagulants.

2.4. Laboratory analysis

IgG anti-T. gondii antibodies were confirmed by enzyme-linked im-
munosorbent assay (ELISA) according to manufacturer’s instructions,
performed in duplicate (ETI-TOXO-G PLUS; DiaSorin S.p.A. Italy).

Genomic DNA was attained from peripheral blood using a com-
mercial kit for silica column extraction (QIAamp1DNA Blood Mini Kit,
QIAGEN, the Netherlands) following the manufacturer’s instructions.

Identification of the deletion of 32 base pairs of the CCR5 gene
(CCR5Δ32) was achieved using the polymerase chain reaction (PCR)
technique. The methodology used to identify the CCR5 59029 A/G
polymorphism in the promoter region of the CCR5 gene was polymerase
chain reaction-restriction fragment length polymorphism (PCR-RFLP).
The A/G alleles were identified by the presence of a restriction site for
the Bsp1286I enzyme (FastDigest, Fermentas-Thermo Scientific). The
PCR conditions were previously described in detail (de Oliveira et al.,
2015).

2.5. Statistical analysis

Genotype and allelic frequencies were obtained by direct counting.
Statistical calculations were performed using GraphPad Instat software
(version 3.06). The chi-square test was used to compare proportions
between groups, adopting a level of significance of 5%. The mean ages
were compared using the t-test. The Hardy–Weinberg equilibrium was
verified using the ARLEQUIN program version 3.11 (http://cmpg.
unibe.ch/software/arlequin3/). A binary logistic regression test (step-
wise method) was performed using the SPSS program (IBM, version 23)

Table 1
Characteristics and Frequencies of genotypes and alleles of the polymorphisms of the CCR5 gene in individuals with ocular toxoplasmosis without ocular toxoplasmosis and controls.

OT (G1) (n = 160) Without OT (G2) (n = 160) Controls (G3) (n = 160) p

Mean age (± SD) 47.3 ± 19.3ª,b 61.3 ± 13.7ª,c 38.8 ± 17.9b,c p-value < 0.0001*

Min/Max 18–95 21–87 18–80
Median 46 61 34

n % n % n %

Genotypes
CCR5/CCR5 141 88.1 148 92.5 144 90.0
CCR5/CCR5Δ32 19 11.9 12 7.5 16 10.0

Alleles
CCR5 301 94.1 308 96.2 304 95.0
CCR5Δ32 19 5.9 12 3.8 16 5.0

Genotypes
CCR559029 A/A 48 30.0 39 24.4 47 29.4
CCR559029 A/G 81 50.6 80 50.0 81 50.6
CCR559029 G/G 31 19.4 41 25.6 32 20.0

Alleles
CCR559029 A 177 55.3 158 49.4 175 54.7
CCR559029 G 143 44.7 162 50.6 145 45.3

OT = Ocular toxoplasmosis.
a = G1xG2.; b = G1xG3; c = G2xG3.

* G1xG2; G1xG3; G2xG3 p-value< 0.0001.
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to verify the risk factors associated with the development of OT.

3. Results

Four hundred and eighty subjects were analyzed. Table 1 shows the
characteristics of individuals with toxoplasmosis and control subjects.
The differences between groups in respect to the mean age were sta-
tistically significant (G1 vs.G2: p-value<0.0001; t = 7.21; DF = 318;
G1 vs. G3: p-value<0.0001; t = 4.32; DF = 318; G2 vs. G3: p-
value<0.0001; t = 9.62; DF = 318).

In all groups, the distribution of the genotypes of the CCR5Δ32 and
CCR5 59029 A/G polymorphisms were in Hardy-Weinberg equilibrium
(p-value ≥ 0.05). No statistical difference was found both for alleles
and for genotypes of the CCR5 gene (homozygotes and heterozygotes)
between individuals with OT and controls.

Statistical analysis of the risk factors for the CCR5 polymorphisms
identified statistically significant differences for the CCR5/CCR5 (p-
value = 0.008; OR = 0.261), AA (p-value = 0.007; OR = 2447) and
AG (p-value = 0.018; OR = 2.477) genotypes between G1 and G2. The
Nagelkerke r2 value was 0.040. Multivariate logistic regression analysis
showed that individuals in G1 and G2 who presented the CCR5/CCR5
genotypes and simultaneously AA or AG had a higher risk of developing
OT (equivalent to 0.04 times or 4% greater). There was no statistically
significant differences in the distribution between genders within the
groups.

4. Discussion

This study tested the hypothesis that the CCR5Δ32 and CCR5
59029A/G polymorphisms of the CCR5 gene are associated with the
development of eye damage due to toxoplasmosis. Two groups of pa-
tients, both of which had clinical and serologic diagnoses of the disease,
were selected in order to investigate the potential effect of the asso-
ciation of these polymorphisms on the presence and absence of ocular
disease. A group of individuals without infection (G3) was also selected
to measure the frequency of these polymorphisms in a healthy popu-
lation. To our knowledge, this is the first study that analyzed the fre-
quencies of these two polymorphisms of the CCR5 gene in the devel-
opment of OT in humans.

At first glance, data from this study seem to indicate that both
polymorphisms are not associated with the development of OT. The
differences in frequencies of both the analyzed polymorphisms between
the groups of patients and controls were not statistically significant.
However, after the multivariate logistic regression analysis we observed
that the individuals of G1 and G2 who presented the CCR5/CCR5
genotypes and simultaneously the CCR5-59029 AA or AG genotypes
have a higher risk of developing OT (equivalent to 0.04 times or 4%
greater).

Bonfá et al. (2014), using a murine model, observed that homo-
zygous mice for the CCR5 gene (−/−) showed marked susceptibility to
infection, presenting 100% mortality in up to 16 days after inoculation
of T. gondii, while 70% of the wild-type animals (controls) survived
until the 30th day after infection. In addition, histological tests of the
liver and small intestine showed that a greater amount of DNA of the
parasite was identified in CCR5−/− animals compared to control ani-
mals.

The CCR5 gene encodes the receptor of the same name, which, in
addition to being expressed in different cell types, allows the binding of
the CCL3, CCL4 or CCL5 chemokines (Blanco and Ochoa-Callejero,
2012; Carpenter et al., 2014; Ortiz-Alegría et al., 2010). There is evi-
dence that binding of these chemokines to CCR5 is crucial to trigger the
immune response against different microorganisms (Blanco and Ochoa-
Callejero, 2012; Gupta and Padh, 2015; Kikumura et al., 2012; Oliveira
et al., 2014; Wong and Fish, 2003). A fundamental role in protecting
against intracellular and extracellular parasites has been attributed to
CCR5, because it modulates the initial immune response against the

parasite.
Experimental studies show that CCR5 plays an important role in

controlling natural killer (NK) cell activity in tissues infected by T.
gondii. There is evidence that animals with CCR5 deficiency have de-
creased inflammatory response with higher parasitemia and conse-
quently higher death rates (Khan et al., 2001, 2006; Kikumura et al.,
2012). According to Kikumura et al. (2012), CCR5 is one of the main
molecules in the retina of animals during T. gondii infection; this is
justified as the levels of CCR5 expression have reached a peak in the
retina and brain of the murine animals by the 28th day of infection.

Activation of the immune response against parasites involves the
recruitment of a variety of cells including neutrophils, T lymphocytes,
macrophages, dendritic cells and inflammatory monocytes. The CCR5
receptor may be expressed by resident cells or by those that migrate to
the tissue after stimulation by pro-inflammatory cytokines such as in-
terleukin-12 (IL-12), IFN-γ and TNF, or when in contact with the pa-
thogenic agent (Moser and Loetscher, 2001). Thus, the mechanisms that
control replication of the parasite and the subsequent inflammation can
indeed be partly due to the cells recruited by CCR5.

Neutrophils, Macrophages and dendritic cells are essential in the
initial phase of immune response because they are IL-12 secreting cells;
this cytokine is essential for resistance against infection (Denkers et al.,
2003; Scott and Hunter, 2002). IL-12 stimulates NK cells to produce
IFN-γ and to promote the development of Th1 cells that produce IFN-γ
(Gazzinelli et al., 1994). The interaction of parasite antigens with the
CCR5 chemokine receptor induces IL-12 synthesis in mature dendritic
cells, with this being a major pathway of IFN-γ-dependent resistance to
infections (Aliberti et al., 2000). Intraocular immune response is sup-
pressed under normal circumstances, but there is experimental evi-
dence that T. gondii infection promotes the production of factors such as
IFN-γ that suppress the immune privilege of this organ. Thus, factors
similar to the response that occurs in other tissues are involved in the
development of eye injuries (Gazzinelli et al., 1994; Kijlstra and
Petersen, 2014; Maenz et al., 2014; Roberts and McLeod, 1999).

Human studies reveal that a mutant allele of the CCR5 gene, with a
32 base pair deletion, results in reduced cell surface expression of
CCR5, decreasing the efficiency of the immune response in these in-
dividuals (Blanpain et al., 2000; Vallochi et al. Al., 2008). We observed
that individuals who had this deletion of 32 base pairs in heterozygosity
did not have an increased risk of developing ocular toxoplasmosis, since
this alteration appears to protect ocular tissue by the reduced expres-
sion of the CCR5 chemokine and consequently lower immune and in-
flammatory response. Additionally, Vallochi et al. (2008) did not ob-
serve any association between the CCR5Δ32 allele and ocular
toxoplasmosis in Brazilian patients, as this is a rare variant, thereby
corroborating the results found in this study.

Machado et al. (2014) reported that the immune response may
partially promote the development of ocular lesions resulting from T.
gondii infection and the mechanisms involved may be associated with
the pathogenesis and protective effects that control tissue damage. The
increased frequency of circulating NK cells and proinflammatory
monocytes in children infected with T. gondii, especially those who have
active ocular lesions, are indicative of an intense and persistent proin-
flammatory response.

Clinical diagnosis of OT is suspected based on the results of the
dilated fundus examination which is used to verify the presence of
exudative lesions and scars characteristic of this disease (Pleyer et al.,
2014; Vasconcelos-Santos, 2012). However, the analysis of serum to
detect the presence of IgG anti-T. gondii antibodies indirectly ensures
that all patients in G1 and G2, that is, with and without OT, were ex-
posed to the parasite (Dhakal et al., 2015; Martins et al., 2015).

Although studies reported that the clinical diagnosis alone leads to a
considerable number of false positive results as confirmed by biological
ocular fluid tests (de-la-Torre et al., 2007, 2009; Vasconcelos-Santos
2012; Ozgonul and Besirli, 2017), in this study all the patients with
clinical diagnoses by two ophthalmologists, were also submitted to
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serology tests using the ELFA technique.
The average age of the seropositive patients (G1 and G2) was higher

than the mean age of the individuals with negative serology (G3). This
finding is easy to understand because the greater the host’s age, the
greater is the chance of exposure to this infection. In addition, the
average age of the patients with OT (G1) was lower than the mean age
of those without evidence of the disease (G2). This observation is
consistent with previously published data (Ayo et al., 2016; Ayo et al.,
2015; Ferreira et al., 2014; Hofhuis et al., 2011). Infection with T. gondii
occurs at any time in life but a significant number of patients are in-
fected congenitally (Kijlstra and Petersen, 2013; Pfaff et al., 2014).
However, there are no diagnostic tests that reliably define at what time
the infection occurred. The disease can also manifest in childhood and
the resulting scars tend to be persistent. Therefore, it is not unusual to
find population analyzes reporting the presence of this disease in young
age groups (Gonzalez Fernandez et al., 2016; Arantes et al., 2015;
Dubey et al., 2012; Maenz et al., 2014; Nogareda et al., 2014; Hofhuis
et al., 2011).

Individuals with the CCR5/CCR5 genotype and simultaneously the
CCR5-59029 AA or AG genotypes have a greater risk of developing
ocular toxoplasmosis, which may be associated to a strong and persis-
tent inflammatory response in the ocular tissue.

Author’s contribution

CCBM corresponding author and head of the FAMERP Toxoplasma
Research Group. CCBM, LCM were responsible to concept and design of
the study. MP, GCAJr, FBF, APB, performed the inclusion of patients
with ocular toxoplasmosis, sample collection, and develop the oph-
thalmological clinical evaluation and clinical analyses. GMFJ, APO,
ALG, FHM performed the laboratorial tests. CCBM, LCM, GMFJ, CMA
performed the data analysis. CCBM, LCM, GMFJ, CMA wrote the
manuscript. All authors read and approved the final manuscript.

Funding

This study was supported by Fundação de Amparo à Pesquisa do
Estado de São Paulo (FAPESP) (grants: 2015/17226-7 to GCAJr; 2013/
06580-9 to CMA; 2013/10050-5 to MP; 2013/15879-8 to FHAM; 2013/
25650-8, 2009/17540-2 to LCM). GMFJ received a scholarship by
PIBIC/FAMERP. GMFJ, ALG and APO were supported by scholarship
from Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES). CCBM was supported by grant from the Faculdade de
Medicina de São José do Rio Preto (BAP-FAMERP). LCM was supported
by Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) (grant: 473579/2009-0). The opinions, assumptions, and con-
clusions or recommendations expressed in this material are the re-
sponsibility of the authors and do not necessarily reflect the views of
FAPESP. The funders had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Conflicts of interest

The authors do not have any conflict of interest with the present
work.

Acknowledgments

Many thanks to David Hewitt for the English version and to
Professor Stephen Henry from Auckland University of the Technology
for providing library access.

References

Aliberti, J., Reis e Sousa, C., Schito, M., Hieny, S., Wells, T., Huffnagle, G.B., Sher, A.,
2000. CCR5 provides a signal for microbial induced production of IL-12 by CD8 alpha

+ dendritic cells. Nat. Immunol. 1, 83–87. http://dx.doi.org/10.1038/76957.
Arantes, T.E.F., Silveira, C., Holland, G.N., Muccioli, C., Yu, F., Jones, J.L., Goldhardt, R.,

Lewis, K.G., Belfort, R., 2015. Ocular involvement following post-natally acquired
toxoplasma gondii infection in southern Brazil: a 28-year experience. Am. J.
Ophthalmol. 159, 1002–1012. http://dx.doi.org/10.1016/j.ajo.2015.02.015.

Ayo, C.M., Camargo, A.V., da, S., Frederico, F.B., Siqueira, R.C., Previato, M., Murata,
F.H.A., Silveira-Carvalho, A.P., Barbosa, A.P., Brandão de Mattos, C., De, C., de
Mattos, L.C., 2015. MHC class I chain-related gene a polymorphisms and linkage
disequilibrium with HLA-B and HLA-C alleles in ocular toxoplasmosis. PLoS One 10,
e0144534. http://dx.doi.org/10.1371/journal.pone.0144534.

Ayo, C.M., Frederico, F.B., Siqueira, R.C., Brandão de Mattos, C.C., Previato, M., Barbosa,
A.P., Murata, F.H., Silveira-Carvalho, A.P., de Mattos, L.C., 2016. Ocular tox-
oplasmosis: susceptibility in respect to the genes encoding the KIR receptors and their
HLA class I ligands. Sci. Rep. 9 (6), 36632. http://dx.doi.org/10.1038/srep36632.

Blanco, J.R., Ochoa-Callejero, L., 2012. Could CCR5 be a potential target against infec-
tions? Expert Rev. Anti. Infect. Ther. 10, 411–414. http://dx.doi.org/10.1586/eri.
12.26.

Blanpain, C., Lee, B., Tackoen, M., Puffer, B., Boom, A., Libert, F., Sharron, M., Wittamer,
V., Vassart, G., Doms, R.W., Parmentier, M., 2000. Multiple nonfunctional alleles of
CCR5 are frequent in various human populations. Blood 96, 1638–1645.

Bonfá, G., Benevides, L., Souza, M., Do, C., Fonseca, D.M., Mineo, T.W.P., Rossi, M.A.,
Silva, N.M., Silva, J.S., de Barros Cardoso, C.R., 2014. CCR5 controls immune and
metabolic functions during Toxoplasma gondii infection. PLoS One 9, e104736.
http://dx.doi.org/10.1371/journal.pone.0104736.

Carpenter, D., Taype, C., Goulding, J., Levin, M., Eley, B., Anderson, S., Shaw, M.-A.,
Armour, J.A.L., 2014. CCL3L1 copy number, CCR5 genotype and susceptibility to
tuberculosis. BMC Med. Genet. 15, 5. http://dx.doi.org/10.1186/1471-2350-15-5.

de Oliveira, A.P., Bernardo, C.R., Camargo, A.V., Ronchi, L.S., Borim, A.A., de Mattos,
C.C., de Campos Júnior, E., Castiglioni, L., Netinho, J.G., Cavasini, C.E., Bestetti, R.B.,
de Mattos, L.C., 2015. Genetic susceptibility to cardiac and digestive clinical forms of
chronic chagas disease: involvement of the CCR5 59029 A/G polymorphism. PLoS
One 10, e0141847. http://dx.doi.org/10.1371/journal.pone.0141847.

de-la-Torre, A., González, G., Díaz-Ramirez, J., Gómez-Marín, J.E., 2007. Screening by
ophthalmoscopy for Toxoplasma retinochoroiditis in Colombia. Am. J. Ophthalmol.
143, 354–356.

de-la-Torre, A., López-Castillo, C.A., Rueda, J.C., Mantilla, R.D., Gomez-Marín, J.E.,
Anaya, J.M., 2009. Clinical patterns of uveitis in two ophthalmology centres in
Bogota Colombia. Clin. Exp. Ophthalmol. 37, 458–466.

de-la-Torre, A., Pfaff, A.W., Grigg, M.E., Villard, O., Candolfi, E., Gomez-Marin, J.E.,
2014. Ocular cytokinome is linked to clinical characteristics in ocular toxoplasmosis.
Cytokine 68, 23–31. http://dx.doi.org/10.1016/j.cyto.2014.03.005.

Denkers, E.Y., Del Rio, L., Bennouna, S., 2003. Neutrophil production of IL-12 and other
cytokines during microbial infection. Chem. Immunol. Allergy 83, 95–114.

Dhakal, R., Gajurel, K., Pomares, C., Talucod, J., Press, C.J., Montoya, J.G., 2015.
Significance of a positive Toxoplasma Immunoglobulin M test result in the United
States. J. Clin. Microbiol. 53 (11), 3601–3605.

Dubey, J.P., Lago, E.G., Gennari, S.M., Su, C., Jones, J.L., 2012. Toxoplasmosis in humans
and animals in Brazil: high prevalence high burden of disease, and epidemiology.
Parasitology 139, 1375–1424.

ETDRS, 1985. Photocoagulation for diabetic macular edema. early treatment diabetic
retinopathy study report number 1. early treatment diabetic retinopathy study re-
search group. Arch. Ophthalmol. 103, 1796–1806.

Ferreira, A.I.C., De Mattos, C.C.B., Frederico, F.B., Meira, C.S., Almeida, G.C., Nakashima,
F., Bernardo, C.R., Pereira-Chioccola, V.L., De Mattos, L.C., 2014. Risk factors for
ocular toxoplasmosis in Brazil. Epidemiol. Infect. 142 (1), 142–148.

Gazzinelli, R.T., Brézin, A., Li, Q., Nussenblatt, R.B., Chan, C.C., 1994. Toxoplasma
gondii: acquired ocular toxoplasmosis in the murine model, protective role of TNF-
alpha and IFN-gamma. Exp. Parasitol. 78 (2), 217–229.

Gonzalez Fernandez, D., Nascimento, H., Nascimento, C., Muccioli, C., Belfort Jr., R.,
2016. Uveitis in São Paulo, Brazil: 1053 new patients in 15 months. Ocul. Immunol.
Inflamm. 25, 1–6.

Gupta, A., Padh, H., 2015. Analysis of CCR5 and SDF-1 genetic variants and HIV infection
in Indian population. Int. J. Immunogenet. 42 (4), 270–278.

Hofhuis, A., van Pelt, W., van Duynhoven, Y.T.H.P., Nijhuis, C.D.M., Mollema, L., van der
Klis, F.R.M., Havelaar, A.H., Kortbeek, L.M., 2011. Decreased prevalence and age-
specific risk factors for Toxoplasma gondii IgG antibodies in The Netherlands be-
tween 1995/1996 and 2006/2007. Epidemiol. Infect. 139 (4), 530–538.

Khan, I.A., Murphy, P.M., Casciotti, L., Schwartzman, J.D., Collins, J., Gao, J.L., Yeaman,
G.R., 2001. Mice lacking the chemokine receptor CCR1 show increased susceptibility
to Toxoplasma gondii infection. J. Immunol. 166 (3), 1930–1937.

Khan, I.A.I., Thomas, S.Y.S., Moretto, M.M.M., Lee, F.F.S., Islam, S.A., Combe, C.,
Schwartzman, J.D., Luster, A.D., 2006. CCR5 is essential for NK cell trafficking and
host survival following Toxoplasma gondii infection. PLoS Pathog. 2, e49. http://dx.
doi.org/10.1371/journal.ppat.0020049.

Kijlstra, A., Petersen, E., 2013. Epidemiology, pathophysiology, and the future of ocular
toxoplasmosis. Ocul. Immunol Inflamm. 22 (2), 138–147.

Kikumura, A., Ishikawa, T., Norose, K., 2012. Kinetic analysis of cytokines, chemokines,
chemokine receptors and adhesion molecules in murine ocular toxoplasmosis. Br. J.
Ophthalmol. 96 (9), 1259–1267.

Machado, A.S., Carneiro, A.C., Béla, S.R., Andrade, G.M., Vasconcelos-Santos, D.V.,
Januário, J.N., Coelho-dos-Reis, J.G., Ferro, E.A., Teixeira-Carvalho, A., Vitor, R.W.,
Martins-Filho, O.A., 2014. Biomarker analysis revealed distinct profiles of innate and
adaptive immunity in infants with ocular lesions of congenital toxoplasmosis.
Mediators. Inflamm. 910621. http://dx.doi.org/10.1155/2014/910621.

Maenz, M., Schlüter, D., Liesenfeld, O., Schares, G., Gross, U., Pleyer, U., 2014. Ocular
toxoplasmosis past, present and new aspects of an old disease. Prog. Retin. Eye Res.

G.M. de Faria Junior et al. Acta Tropica 178 (2018) 276–280

279

http://dx.doi.org/10.1038/76957
http://dx.doi.org/10.1016/j.ajo.2015.02.015
http://dx.doi.org/10.1371/journal.pone.0144534
http://dx.doi.org/10.1038/srep36632
http://dx.doi.org/10.1586/eri.12.26
http://dx.doi.org/10.1586/eri.12.26
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0030
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0030
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0030
http://dx.doi.org/10.1371/journal.pone.0104736
http://dx.doi.org/10.1186/1471-2350-15-5
http://dx.doi.org/10.1371/journal.pone.0141847
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0050
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0050
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0050
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0055
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0055
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0055
http://dx.doi.org/10.1016/j.cyto.2014.03.005
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0065
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0065
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0070
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0070
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0070
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0075
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0075
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0075
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0080
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0080
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0080
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0085
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0085
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0085
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0090
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0090
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0090
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0095
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0095
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0095
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0100
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0100
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0105
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0105
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0105
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0105
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0110
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0110
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0110
http://dx.doi.org/10.1371/journal.ppat.0020049
http://dx.doi.org/10.1371/journal.ppat.0020049
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0120
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0120
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0125
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0125
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0125
http://dx.doi.org/10.1155/2014/910621
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0135
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0135


39, 77–106.
Martins, L.M., Rangel, A.L.P., Peixe, R.G., Silva-Dos-Santos, P.P.S.P., Lemos, E.M.,

Martins-Filho, O.A., Oliveira, L.M.G.B., Bahia-Oliveira, L.M.G., 2015. Specific IgM,
IgG and IgG1 directed against Toxoplasma gondii detected by flow cytometry and
their potential as serologic tools to support clinical indirect fundoscopic presumed
diagnosis of ocular disease. J. Immunol. Methods 417, 97–106.

Moser, B., Loetscher, P., 2001. Lymphocyte traffic control by chemokines. Nat. Immunol.
2 (2), 123–128.

Nogareda, F., Le Strat, Y., Villena, I., De Valk, H., Goulet, V., 2014. Incidence and pre-
valence of Toxoplasma gondii infection in women in France, 1980–2020: model-
based estimation. Epidemiol. Infect. 142 (8), 1661–1670.

Oliveira, A.P., Bernardo, C.R., Camargo, A.V.S., Villafanha, D.F., Cavasini, C.E., de
Mattos, C.C.B., De Godoy, M.F., Bestetti, R.B., de Mattos, L.C., 2014. CCR5 chemokine
receptor gene variants in chronic Chagas’ disease. Int. J. Cardiol. 176 (2), 520–522.

Oliveira, A.P., Bernardo, C.R., Camargo, A.V.S., Ronchi, L.S., Borim, A.A., de Mattos,
C.C.B., Júnior, E.C., Castiglioni, L., Netinho, J.G., Cavasini, C.E., Bestetti, R.B., de
Mattos, L.C., 2015. Genetic susceptibility to cardiac and digestive clinical forms of
chronic chagas disease: involvement of the CCR5 59029 A/G polymorphism. PLoS
One 10, e0141847. http://dx.doi.org/10.1371/journal.pone.0141847.

Ortiz-Alegría, L.B., Caballero-Ortega, H., Cañedo-Solares, I., Rico-Torres, C.P., Sahagún-
Ruiz, A., Medina-Escutia, M.E., Correa, D., 2010. Congenital toxoplasmosis: candi-
date host immune genes relevant for vertical transmission and pathogenesis. Genes
Immun. 11, 363–373. http://dx.doi.org/10.1038/gene.2010.21.

Ozgonul, C., Besirli, C.G., 2017. Recent developments in the diagnosis and treatment of
ocular toxoplasmosis. Ophthalmic Res. 57, 1–12.

Pfaff, A.W.A., De-la-Torre, A., Rochet, E., Brunet, J., Sabou, M., Sauer, A., Bourcier, T.,
Gomez-Marin, J.E., Candolfi, E., 2014. New clinical and experimental insights into
Old World and neotropical ocular toxoplasmosis. Int. J. Parasitol. 44 (2), 99–107.
http://dx.doi.org/10.1016/j.ijpara.2013.09.007.

Pleyer, U., Schlüter, D., Mänz, M., 2014. Ocular toxoplasmosis: recent aspects of patho-
physiology and clinical implications. Ophthalmic. Res. 52 (3), 116–123. http://dx.
doi.org/10.1159/000363141.

Rao, D.A., Gurish, M.F., Marshall, J.L., Slowikowski, K., Fonseka, C.Y., Liu, Y., Donlin,
L.T., Henderson, L.A., Wei, K., Mizoguchi1, F., Teslovich, N.C., Weinblatt, M.E.,
Massarotti1, E.M., Coblyn, J.S., Helfgott, S.M., Lee, Y.C., Todd, D.J., Bykerk, V.P.,
Goodman, S.M., Pernis, A.B., Ivashkiv, L.B., Karlson, E.W., Nigrovic, P.A., Filer, A.,
Buckley, C.D., Lederer, J.A., Raychaudhuri, S., Brenner, M.B., 2017. Pathologically
expanded peripheral T helper cell subset drives B cells in rheumatoid arthritis. Nature
542, 110–114. http://dx.doi.org/10.1038/nature20810.

Roberts, F., McLeod, R., 1999. Pathogenesis of toxoplasmic retinochoroiditis. Parasitol.
Today 15 (2), 51–57. http://dx.doi.org/10.1016/S0169-4758(98)01377-5.

Scott, P., Hunter, C.A., 2002. Dendritic cells and immunity to leishmaniasis and tox-
oplasmosis. Curr. Opin. Immunol. 14 (4), 466–470. http://dx.doi.org/10.1016/
S0952-7915(02)00353-9.

Silva-Carvalho, W.H.V., Moura, R.R., Coelho, A.V.C., Crovelha, S., Guimarães, R.L., 2016.
Frequency of the CCR5-delta 32 allele in Brazilian populations: a systematic literature
review and meta-analysis. Infect. Gent. Evol. 43, 101–107.

Souza, M.S.Q.A., Souza, C.A., Cunha, L.M.P., Souza, A.Q.A., Morais, M.S., Rabenhorst,
S.H.B., 2015. A new look at osteomyelitis development –Focus on CCR5delta32.
Study in patients from Northeast Brazil. Infect. Gent. Evol. 31, 61–63.

Vallochi, A.L., Goldberg, A.C., Falcai, A., Ramasawmy, R., Kalil, J., Silveira Jr, C., Belfort,
R., Rizzo, L.V., 2008. Molecular markers of susceptibility to ocular toxoplasmosis,
host and guest behaving badly. Clin. Ophthalmol. 4, 837–848.

Vasconcelos-Santos, D.V., 2012. Ocular manifestations of systemic disease. Curr. Opin.
Ophthalmol. 23, 543–550. http://dx.doi.org/10.1097/ICU.0b013e328358bae5.

Wong, M.M., Fish, E.N., 2003. Chemokines: attractive mediators of the immune response.
Semin. Immunol. 15, 5–14. http://dx.doi.org/10.1016/S1044-5323(02)00123-9.

G.M. de Faria Junior et al. Acta Tropica 178 (2018) 276–280

280

http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0135
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0140
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0140
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0140
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0140
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0140
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0145
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0145
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0150
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0150
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0150
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0155
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0155
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0155
http://dx.doi.org/10.1371/journal.pone.0141847
http://dx.doi.org/10.1038/gene.2010.21
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0170
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0170
http://dx.doi.org/10.1016/j.ijpara.2013.09.007
http://dx.doi.org/10.1159/000363141
http://dx.doi.org/10.1159/000363141
http://dx.doi.org/10.1038/nature20810
http://dx.doi.org/10.1016/S0169-4758(98)01377-5
http://dx.doi.org/10.1016/S0952-7915(02)00353-9
http://dx.doi.org/10.1016/S0952-7915(02)00353-9
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0200
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0200
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0200
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0205
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0205
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0205
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0210
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0210
http://refhub.elsevier.com/S0001-706X(17)30830-6/sbref0210
http://dx.doi.org/10.1097/ICU.0b013e328358bae5
http://dx.doi.org/10.1016/S1044-5323(02)00123-9

	CCR5 chemokine receptor gene polymorphisms in ocular toxoplasmosis
	Introduction
	Materials and methods
	Ethics information
	Sample selection and clinical diagnosis
	Inclusion/exclusion criteria
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Author’s contribution
	Funding
	Conflicts of interest
	Acknowledgments
	References




