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ORIGINAL ARTICLE

SEROPREVALENCE AND RISK FACTORS FOR HUMAN 
TOXOPLASMOSIS IN NORTHEASTERN BRAZIL 
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Marlus Venâncio Rodrigues1, Gislani Acásia da Silva Toscano1, Ramiza 
Bernardino da Silva1, Valter Ferreira de Andrade Neto4 and Ricardo Wagner 
Almeida Vitor3

ABSTRACT

Toxoplasmosis is one of the most prevalent parasitic infections in humans, causing severe clinical 
complications in immunocompromised patients or in foetuses. Estimates on the toxoplasmosis 
seroprevalence in human populations vary widely, even within the same region. This study 
aimed to estimate the prevalence of Toxoplasma gondii infection in the municipality of Santa 
Cruz, State of Rio Grande do Norte, Brazil, and identify the risk factors for toxoplasmosis. T. 
gondii IgG antibodies were measured in 66.2% of the studied population. The factors associated 
with infection were as follows: age above 45 years (OR = 7.4; 95% CI = 3.7-14.8); illiteracy (OR 
= 2.8; 95% CI = 1.6-5.0); the presence of more than three cats in the home (OR 2.0; 95% CI = 
1.2-3.5); no water tank (OR = 2.0; 95% CI = 1.4-3.1); and consumption of raw or unpasteurized 
milk (OR = 2.0; 95% CI = 1.3-3.0). The risk factors identified were predominantly related to the 
ingestion of oocysts. This study may contribute to public health knowledge of toxoplasmosis and 
the definition of control programs, particularly for pregnant women from regions similar to the 
area studied.

KEY WORDS: Toxoplasma gondii; toxoplasmosis; seroepidemiology; transmission; Rio Grande 
do Norte.

INTRODUCTION 

Toxoplasma gondii is a protozoan that is prevalent in most areas of the 
world, presenting significant medical and veterinary importance, as it causes 
miscarriage or congenital disease in its intermediate hosts (Tenter et al., 2000). 
Two types of transmission occur according to the different infective forms of 
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this parasite: (a) horizontally, through the ingestion of oocysts present in the 
environment or the ingestion of tissue cysts found in raw or undercooked meat; 
and (b) vertically, by transplacental transmission of tachyzoites (Dubey, 1994). 
Given the asymptomatic nature of the majority of infections, it is technically 
difficult to determine their source(s). Geographical region, climate, and 
hygiene and nutritional habits cause the prevalence rate to vary significantly 
around the world (Flegr et al., 2014). Analysing the presence of antibodies 
to T. gondii in the Brazilian population, the prevalence was found to range 
from 36% in Minas Gerais (Maia et al., 2012) to 87.4% in Paraiba (Junior & 
Monteiro, 2010). There are multiple sources of T. gondii infection, and the 
variation observed in the prevalence of toxoplasmosis according to region 
reinforces the importance of identifying regional risk factors. Such studies are 
scarce in northeastern Brazil (Dubey et al., 2012). The purpose of this study 
was to estimate the seroprevalence of toxoplasmosis and its factors associated 
with infection among volunteers in the municipality of Santa Cruz, Rio Grande 
do Norte, in northeastern Brazil.

MATERIAL AND METHODS

Study Design and Area

A cross-sectional population-based study was carried out in the 
municipality of Santa Cruz, located in the State of Rio Grande do Norte, 
Brazil. Santa Cruz has a population of 35,797 inhabitants (Brasil, 2010), and is 
divided into five areas: Centro, Paraiso, Maracuja, DNER, and Conego Monte.

Sample Calculation and Sampling Process 

 To establish the minimum sample number, the OpenEpi programme, 
3.03a version, was used. For sample calculation, the following data were 
considered: an average prevalence of toxoplasmosis in Brazil of 60% (Dubey 
et al., 2012), a population of 35,797 inhabitants, a confidence interval of 95%, 
and an estimated precision of 5%. Based on the information on the number 
of households per area, the sampling process was conducted proportionately, 
with the percentage of homes or families calculated for each street in each area. 
All the streets in the town were included, and the number of houses selected 
(randomly) was proportional to the size of the street block. The sample 
consisted of 1,540 individuals and all the selected residents were included in 
the study, as long as they complied with the inclusion criteria stating that all 
volunteers were to be Santa Cruz residents aged 13 or older.

 This study was approved by the Ethics Committee of the Federal 
University of Rio Grande do Norte (CAAE 08922712.0.0000.5537). All the 
volunteers signed an Informed Consent Form.
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Data collection

The interviews were conducted using a questionnaire including 
individual variable data such as demographic, socioeconomic and behavioural 
aspects, as well as household characteristics. Questions on eyesight problems, 
miscarriage, and disease awareness were also included in the questionnaire.

Blood sample collection and serological analysis

Blood was collected from each volunteer by puncturing a periripheral 
vein. An in-house ELISA (Buery et al., 2014) was used to test all serum 
samples. Samples were tested in duplicate. To assess the reproducibility (Szklo 
& Nieto, 2012) 10% of the sera samples were randomly selected and processed 
in duplicate in a masked test.

Statistical analysis

The database was generated using the Epidata, version 3.1, by double 
entry of the results and analyzed using STATA version 10.0. The prevalence of 
T. gondii infection was estimated according to overall population, gender, age 
group and area. To investigate the factors associated with T. gondii infection 
a mixed logistic regression model was used and the household was included 
as a random effect. The categorical variables were transformed into dummy 
variables. Univariate analysis was conducted for all variables collected, and 
those that attained a p value < 0.25 were included in the multivariate models. 
Backward analyses were used to construct a final model and variables with 
significance levels of p<0.05 were maintained.

RESULTS

1,540 volunteers from 1,217 families were included in the study.  Of 
these, 256 families and 325 volunteers resided in the Centro area, 439 families 
and 581 volunteers resided in the Paraiso area, 216 families and 251 volunteers 
resided in Conego Monte area, 150 families and 187 volunteers resided in the 
Maracuja area, and 156 families and 196 volunteers resided in the DNER area. 
Individual and socio-economic characteristics in the municipality of Santa 
Cruz are presented in Table 1.
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Table 1. Individual and socio-economic characteristics in the municipality of 
Santa Cruz, RN associated to seroprevalence of toxoplasmosis, 2013-2014.

Characteristics of the volunteers N = 1,540 %

Gender

    Female 1,156 75.1

    Male 384 24.9

Area

Centro 325 21.2

Paraiso 581 37.7

Conego 251 16.3

Maracuja 187 12.1

DNER 196 12.7

Age (years old)

≥ 13 to- < 15 60 3.8

≥ 15 to < 30 365 23.7

≥ 30 to < 45 449 29.2

≥ 45 to < 60 348 22.6

≥ 60 318 20.7

Education level 

Illiterate 405 26.3

Up to the 4th grade 340 22.1

Up to the 8th grade 320 20.8

Secondary level 387 25.1

Higher education 88 5.7

Family incomes (Brazilian minimum wage) *

< 2 963 79.6

≥ 2  to < 7 232 19.2

≥ 7 14 1.2

Knowledge about toxoplasmosis

Yes 419 27.2

No 1,121 72.8

Complains about  eyesight

No 466 30.3

Yes 1,074 69.7

Has had miscarriage

No 289 18.8

Yes 867 56.3

*The family income of 8 residences was not reported.
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Seroprevalence of Toxoplasma gondii infection and univariate analysis

Analysis using ELISA-IgG showed that 1,020 (66.2%) out of the 
1,540 volunteers tested positive for toxoplasmosis. Approximately 10% of the 
samples (153 sera) were tested in a masked trial, showing 100% agreement, 
with the kappa index equal to 1, indicating excellent reproducibility.

The prevalence of toxoplasmosis ranged from 59.2% in the DNER 
area to 70.2% in the Paraiso area (Table 2). Volunteer age analysis showed that 
higher age led to an increased prevalence of toxoplasmosis (Table 2, Figure 
1A). Conversely, the higher the education level, the lower the prevalence of 
toxoplasmosis (Table 2).

Regarding gender, the prevalence of anti-T. gondii IgG antibodies 
showed that 64.9% of the women and 70.3% of the men tested positive for 
toxoplasmosis. The seronegative women (35.1%) diagnosed in this study 
were mostly (71%) of reproductive age, between 15 and 45 years (Figure 
1B). Notably, 74.7% of the women with positive serology for toxoplasmosis 
reported a miscarriage. Considering variables related to the individual 
characteristics of the volunteers, univariate analysis showed males presenting 
a higher probability of infection (Table 2). Additionally, ages above 30 years 
presented higher proportions of positive individuals for toxoplasmosis. 
The comparative analysis of the areas showed a greater number of positive 
volunteers residing in the Paraiso and Centro areas. Illiterate volunteers  had 
the highest probability of being seropositive. Volunteers presenting knowledge 
about toxoplasmosis had a lower probability of infection than those who had 
no information about the disease (Table 2). For people who reported eyesight 
problems, a significant difference was noted between the volunteers with and 
without toxoplasmosis (Table 2); those with toxoplasmosis reported more 
ocular problems than seronegative people.

Regarding diet and behavioural characteristics of the volunteers, there 
was a significant difference between volunteers who reported drinking water 
from wells, pipe trucks, rivers, and dams and those who did not drink from 
these types of water sources (Table 3). The same trend was observed regarding 
the consumption of raw or unpasteurized cow milk. Although volunteers did 
report eating undercooked pork, chicken, goat, sheep and, in particular, beef, 
no relationship to toxoplasmosis infection was identified through univariate 
analysis (Table 3).

Regarding housing characteristics, the analysis showed a higher 
probability of infection among individuals who had previously resided in 
houses with mud, dirt, or sand flooring than among those living in houses with 
cement or ceramic floors. Two other housing characteristics (p < 0.25) that 
resulted in a higher probability of infection were the absence of a water tank 
and the presence of more than 3 cats in the house (Table 4).
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Table 2. Socio-economic, demographic, and behavioral characteristics 
of the volunteers in the municipality of Santa Cruz, RN, associated with 
seroprevalence of toxoplasmosis, 2013-2014.

Variables
ELISA Univariate

OR (95% CI) p*
Positive (%) Negative (%)

Gender

Female 750 (64.9) 406 (35.1) 1

Male 270 (70.3) 114 (29.7) 1.3 (0.9 – 1.6) 0.05

Area

DNER 116 (59.2) 80 (40.8) 1

Maracuja 115 (61.5) 72 (38.5) 1.1 (0.7 – 1.7) 0.64

Conego 161 (64.1) 90 (35.9) 1.2 (0.8 – 1.8) 0.28

Centro 220 (67.7) 105 (32.3) 1.4 (1.0 – 2.1) 0.05

Paraiso 408 (70.2) 173 (29.8) 1.6 (1.2 – 2.3) 0.00

Age (years old)

≥ 13 to < 15 25 (41.7) 35 (58.3) 1

≥ 15 to < 30 173 (47.4) 192 (52.6) 1.3 (0.7 – 2.2) 0.41

≥ 30 to < 45 280 (62.4) 169 (37.6) 2.3 (1.3 – 4.0) 0.00

≥ 45 to < 60 264 (75.9) 84 (24.1) 4.4 (2.4 – 7.7) 0.00

≥ 60 278 (87.4) 40 (12.6) 9.7 (5.3 – 17.9) 0.00

Education level 

Illiterate 343 (84.7) 62 (15.3) 1

Up to the 4th grade 240 (70.6) 100 (29.4) 0.4 (0.3 – 0.6) 0.00

Up to the 8th grade 190 (59.4) 130 (40.6) 0.3 (0.2 – 0.4) 0.00

Secondary level 202 (52.2) 185 (47.8) 0.2 (0.1 – 0.3) 0.00

HIgher education 45 (51.1) 43 (48.9) 0.2 (0.1 – 0.3) 0.00

Knowledge about toxoplasmosis

Yes 259 (61.8) 160 (38.2) 1

No 761 (67.9) 360 (32.1) 1.3 (1.0 – 1.6) 0.03

Complains about eyesight

No 686 (63.9) 388 (36.1) 1

Yes 334 (71.7) 132 (28.3) 1.4 (1.1 – 1.8) 0.00

Has had miscarriage

No 534 (61.6) 333(38.4) 1

Yes 216 (74.7) 73 (25.3) 1.8 (1.4 – 2.5) 0.00

*Variables were considered significant at p<0.05.
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Table 3. Diet and Behavioral Characteristics of the volunteers in the municipality 
of Santa Cruz – RN, associated with seroprevalence of toxoplasmosis, 2013 – 
2014.

Variables
ELISA Univariate

OR (95% CI) p*
Positive (%) Negative (%)

Drinking water 

Mineral 167 (58.0) 121 (42.0) 1

Tap 672 (67.7) 320 (32.3) 1.5 (1.2 – 2.0) 0.00

Untreated 181 (69.6) 79 (30.4) 1.7 (1.2 – 2.4) 0.00

Drinks/drank  well water

No 174 (54.0) 149 (46.0) 1

Yes 820 (69.7) 357 (30.3) 2.0 (1.5 – 2.5) 0.00

Drinks /drank river water  

No 488 (60.6) 318 (39.4) 1

Yes 507 (72.9) 188 (27.1) 1.7 (1.4 – 2.2) 0.00

Drinks/drank  pipe truck water

No 280 (58.9) 195 (41.1) 1

Yes 717 (69.7) 312 (30.3) 1.6 (1.3 – 2.0) 0.00

Drinks / drank dam water

No 336 (56.3) 261 (43.7) 1

Yes 659 (72.7) 247 (27.3) 2.0 (1.7 – 2.6) 0.00

Habit of drinking raw/  un pasteurized milk

No 869 (64.7) 473 (35.3) 1

Yes 150 (76.1) 47 (23.9) 1.7 (1.2 – 2.4) 0.00

Habit of eating  raw or undercooked beef

No 790 (65,8) 411 (34,2) 1

Yes 230 (67,8) 109 (32,2) 1,9 (0,8 – 1,4) 0,48

Habit of eating raw or undercooked pork 

No 938 (66,1) 482 (33,9) 1

Yes 82 (68,3) 38 (31,7) 1,1 (0,7 – 1,6) 0,61

Habit of eating raw or undercooked goat meat

Yes 957 (66,1) 490 (33,9) 1

No 63 (68,1) 30 (31,9) 1,0 (0,7 – 1,7) 0,75

Habit of eating raw or undercooked chicken 

No 919 (65,8) 477 (34,2) 1

Yes 101 (70,1) 43 (29,9) 1,2 (0,8 – 1,7) 0,30

*Variables were considered significant at p<0.05.
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Table 4. Presence of cats and housing characteristics of the volunteers in 
the municipality of Santa Cruz, RN, associated with seroprevalence of 
toxoplasmosis, 2013-2014.

Variable
ELISA

Univariate
OR (95% CI) p*Positive

 (%)
Negative 

(%)
Housing characteristics (N=1,217)
Flooring of the previous 
house **
Cement or ceramic 644 (66.9) 318 (33.1) 1
Mud / dirt / sand  110 (79.7) 28 (20.3) 1.9 (1.3 – 3.0) 0.00
Backyard floor
Cement or ceramic 374 (68.2) 174 (31.8) 1
Dirt 252 (64.4) 139 (35.6) 0.84 (0.6 – 1.1) 0.22
Mixed 88 (66.7) 44 (33.3) 0.93 (0.6 – 1.4) 0.73
Presence of water tank
Yes 696 (65.5) 367 (34.5) 1
No 119 (77.3) 35 (22.7) 1.2 (1.1 -1.4) 0.00
Have (or had) cat
No 367 (61.78) 227 (38.22) 1
Yes 448 (71.91) 175 (28.09) 1.6 (1.3 – 2.0) 0.00
How many cats have
None 164 (68.9) 74 (31.1) 1
1 – 2 214 (71.8) 84 (28.2) 1.1 (0.8 – 1.7) 0.46
>  3 70 (80.5) 17 (19.5) 1.9 (1 – 3.4) 0.04

*Variables were considered significant at p<0.05.
**For 1,100 who reported having lived in another residence.
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Figure. Relation between volunteer age and serology in the municipality 
of Santa Cruz, RN 2013-2014. A. Proportion, by age range, of volunteers 
seropositive and seronegative of  toxoplasmosis. B. Distribution, by age range, 
only for seronegative women.

Multivariate analysis

The final model presented the following factors associated with 
infection by T. gondii: age, level of education, the presence of three or 
more cats in the house, not having a water tank, and consumption of  raw or 
unpasteurized milk (Table 5). For age, the prevalence of toxoplasmosis was 
found to increase throughout life, indicating that individuals aged over 45 are 
7.4 times more likely to be infected by the parasite than those aged between 13 
and 15 years. Illiterate individuals were observed to be 2.8 times more likely 
to acquire toxoplasmosis than those with or without higher education.   
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 The probability of exposure to the parasite increased according to the 
number of cats present in the house. In households with more than three cats, 
the inhabitants were twice as likely to be infected as in households without cats. 
The exposure to toxoplasmosis also increases two-fold when the individuals 
drank raw or unpasteurized milk or had no water tank at home (Table 5).

Table 5. Multivariate logistic analysis of risk factors for infection with 
Toxoplasma gondii in the municipality of Santa Cruz, RN, 2013-2014.

Variable
Univariate 

OR (95% CI)
Multivariate
OR (95% CI) p*

Age (years old)
    ≥ 13 to < 15
    ≥ 15 to < 30 1.3 (0.7 – 2.2) 1.8 (1.0 – 3.4) 0.06
    ≥ 30 to < 45 2.3 (1.3 – 4.0) 3.4 (1.8 – 6.6) 0.00
≥ 45 6.1 (3.5 – 10.6) 7.4 (3.7 – 14.8) 0.00
Education level
Illiterate 5.3 (3.2 – 8.7) 2.8 (1.6 – 5.0) 0.00
Up to the 4th grade 2.3 (1.4 – 3.7) 1.6 (0.9 – 2.8) 0.07
Up to the 8th grade 1.4 (0.9 – 2.2) 1.6 (0.9 – 2.8) 0.07
Secondary level 1.0 (0.6 – 1.7) 0.9 (0.6 – 1.6) 0.96
Higher education
How many cats have
None
1 – 2 1.1 (0.8 – 1.7) 1.5 (1.1 – 2.1) 0.05
≥ 3 1.9 (1 – 3.4) 2.0 (1.2 – 3.5) 0.01
Presence of water tank
Yes
No 1.2 (1.1 -1.4) 2.0 (1.4 – 3.1) 0.01
Habit of drinking raw/  un 
pasteurized milk
No
Yes 1.7 (1.2 – 2,4) 2.0 (1.3 – 3.0) 0.01

*Variables were considered significant at p<0.05.
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DISCUSSION 

In this study, a high prevalence of 66.2% was found for anti-T. gondii 
IgG antibodies in residents of the municipality of Santa Cruz, RN. Surveys 
carried out in other northeastern areas also showed a high seroprevalence of 
66.4% in São Luis, MA (Costa et al., 2010), 87.4% in Joao Pessoa, PB (Junior 
& Monteiro., 2010), and 59% in Jaçana, RN (Freitas et al., 2017). Interestingly, 
seroprevalence did not vary considerably according to family income, as noted 
in other studies (Dias et al., 2011; Lopes-Mori et al., 2013; Benitéz et al. 2017). 
This is possibly due to inaccurate reporting by the volunteers, who sometimes 
tended to avoid this question. The seroprevalence of toxoplasmosis increased 
progressively with age, confirming other studies conducted in Brazil (Ferreira 
et al., 2009; Lopes-Mori et al., 2013). Increased prevalence of T. gondii 
infection with age may be justified by the longer exposure to risk factors, such 
as environmental pollutants, nutrition, regional development, public water 
supply infrastructure, and health (Remington et al., 1995; Carellos et al., 2014; 
Benitez et al, 2017).

The main social impact of this protozoan infection is associated with 
vertical transmission. In this study, 71% of the seronegative women were of 
reproductive age between 15 and 45. Similarly, the study conducted in Minas 
Gerais State showed that young mothers, including teenagers, are significantly 
more affected by the disease (Carellos et al., 2014). Out of the 1,156 female 
volunteers in this study, 74.7% reported miscarriages and were also seropositive 
for toxoplasmosis; however, the causes of abortion were not investigated.

Five risk factors associated with infection were found, three of which 
were related to the individual characteristics of the volunteers (age, level of 
education and the consumption of raw or unpasteurized milk) and two regarding 
household characteristics (number of cats and no water tank available in the 
home). As previously mentioned, age is related to the duration of exposure 
to risk factors, and seroprevalence is the amount  of  accumulated exposure 
during a person’s lifetime in a particular social setting (Flegr et al., 2014). The 
level of education variable can reflect the volunteer’s degree of knowledge on 
the disease. The association of level of education with toxoplasmosis indicates 
the need to invest in education in the municipality of Santa Cruz, as 84.7% of 
those characterized as illiterate were seropositive for the disease. Additionally, 
a high percentage (67.9%) of the volunteers who had no knowledge of the 
disease showed positive serology for toxoplasmosis. A study in Natal, the 
capital of the State of Rio Grande do Norte, showed a lower prevalence of 
toxoplasmosis (21.5%) in students whose mothers had higher education than 
in those students (53.2%) whose mothers were illiterate or had not completed 
secondary education (Garcia et al., 2004). The association between level of 
education and toxoplasmosis was also observed in Pernambuco (Porto et al., 
2008), Tocantins (Silva et al., 2014), and Paraná (Dias et al., 2011; Lopes-Mori 
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et al., 2013), where prevalence was higher in mothers with less than eight years 
of schooling than in those with eight years or more of schooling. Our results 
suggest health education can actually prevent infection by T. gondii because 
it aims to alter human behaviour, which is particularly relevant to pregnant 
women (Foulon et al., 2000; Moura et al., 2016). 

Cats in the house led to an increased risk of infection by T. gondii, 
especially when three or more cats were present. Our data corroborate a study 
in the USA that showed that an increased risk of infection associated with 
exposure to cats was found to occur only in those who kept three or more 
animals (Jones et al., 2009). The larger number of cats may be associated with 
a higher number of oocysts released in household areas, which may reflect 
an increased risk of infection. Appropriate hygiene measures, such as proper 
disposal of cat faeces, frequent cat feeding and litter box cleaning using 
industrialized products, as well as the habit of eating well-cooked meat, can 
reduce the risk of infection (Jones et al., 2001).

 The lack of a water tank in the home was significantly associated with 
toxoplasmosis in the multivariate model. The residents in the municipality 
of Santa Cruz constantly suffer from lack of water, being forced to save and 
store the water that reaches their homes. Those who do not have a water tank 
often store roof runoff rainwater in semi-open tanks. However, these tanks 
are subject to environmental contamination. Volunteers who kept cats (42%) 
reported that their animals defecated outside the home and even on the roofs. 
The oocysts in the faeces on the roof can leach due to rain and be deposited in 
these tanks, becoming a source of infection if the water is consumed without 
being appropriately treated. In Paraná, the consumption of water not originating 
from the public supply system resulted in an increased risk of infection by T. 
gondii (Dias et al., 2011).

 The consumption of raw or unpasteurized milk does not seem to be 
a common habit in the municipality of Santa Cruz because only 12.8% of the 
volunteers reported having this habit. However, 76.1% of the volunteers who 
usually drink raw milk showed positive serology for toxoplasmosis; thus, this 
dietary habit is a risk factor for infection with T. gondii. It is likely that in these 
cases, infection occurs by ingesting tachyzoites found in the milk of animals 
with acute toxoplasmosis or oocysts due to external contamination of milk 
caused by lack of hygiene during milking. In São Paulo, the consumption of 
unpasteurized cow milk was observed in 19.4% of the study population, and 
exposure to this factor showed significant differences between infected and 
non-infected women (Galisteu et al., 2007). Similar results were also found in 
Tocantins (Silva et al., 2014) and Rio de Janeiro (Moura et al., 2013). 

Our study shows the importance of toxoplasmosis in public health, 
indicating that it is essential that each country or region have its own 
epidemiological information to define control programmes, particularly for 
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pregnant women since both prevalence and incidence of toxoplasmosis vary 
from region to region within the same country. 

ACKNOWLEDGEMENTS

The authors thank Rosalida Estevan Nazar Lopes for her technical assistance. 
MC, VFAN and RWAV are CNPq Research fellows.

REFERENCES

1. Benitez AN, Martins FDC, Mareze M, Santos NJR, Ferreira FP, Martins CM, Garcia 
JL, Mitsuka-Breganó R, Freire RL, Biondo AW, Navarro IT. Spatial and simultaneous 
representative seroprevalence of anti-Toxoplasma gondii antibodies in owners and their 
domiciled dogs in a major city of southern Brazil. Plos One 12: e0180906, 2017.

2. Brasil. Instituto Brasileiro de Geografia e Estatística. Censo 2010. Available at: https://
censo2010.ibge.gov.br/. Access on 1st december, 2017.

3. Buery JC, Fux B, Vitor RWA, Sartori F, Junior CC. Analysis of Seroconversion Rate and 
Factors Associated with Toxoplasmosis in a Rural Area of an Extra-Amazonian Region in 
Brazil: A Cohort Study. Open Trop Med J 7: 1-10, 2014.

4. Carellos EVM, Andrade GMQ, Vasconcelos-Santos DV, Januário JN, Romanelli RMC, Abreu 
MNS, Silva FM, Loures IRC, Andrade JQ, Caiaffa WT. Adverse Socioeconomic Conditions 
and Oocyst-Related Factors Are Associated with Congenital Toxoplasmosis in a Population-
Based Study in Minas Gerais, Brazil. Plos One 9: e88588, 2014.

5. Costa MAS, Bezelga AL, Trindade CD, Neto JAF. Soroprevalência da toxoplasmose no 
Hospital Universitário Materno Infantil de São Luís, MA, em 2008. Cad Pesq 17: 62-66, 2010.

6. Dias RCF, Lopes-Mori FMR, Mitsuka-Breganó R, Dias RAF, Tokano DV, Reiche EM V, Freire 
RL, Navarro IT. Factors associated to infection by Toxoplasma gondii in pregnant women 
attended in Basic Health Units in the city of Rolândia, Paraná, Brazil. Rev Inst Med Trop São 
Paulo 53: 185-191, 2011.

7. Dubey JP. Toxoplasmosis. J Am Vet Med Assoc 205: 1593-1598, 1994.
8. Dubey JP, Lago EG, Gennari SM, Su C, Jones JL. Toxoplasmosis in humans and animals in 

Brazil: high prevalence, high burden of disease, and epidemiology. Parasitology 139: 1375-
1424, 2012.

9. Ferreira UM, Hiramoto RM, Aureliano DP, Silva-Nunes M, Silva NS, Malafronte RS, Muniz 
PT. A Community-based Survey of Human Toxoplasmosis in Rural Amazonia: Seroprevalence, 
Seroconversion Rate, and Associated Risk Factors. Am J Trop Med Hyg 81: 171-176, 2009.

10. Flegr J, Prandota J, Sovickova M, Isarailli ZF. Toxoplasmosis – a global threat: Correlation 
of latent toxoplasmosis with specific disease burden in a set of 88 countries. PLoS ONE 9: 
e90203, 2014.

11. Foulon W, Naessens A, Ho-Yen D. Prevention of congenital toxoplasmosis. J Perinat Med 28: 
337-345, 2000.

12. Freitas LC, Marques MRV, Leite, RBCH, Holanda CMCX, Barbosa VSA. Seroprevalence of 
toxoplasmosis in pregnant women in a city in Rio Grande do Norte state, Brazil. Rev Patol 
Trop 46: 147-158, 2017.

13. Galisteu KJ, Mattos CB, Lelis AGL, Oliveira MP, Spejorim LF, Jordão P, Zago AP, Cury 
PM, Mattos LC, Rossit ARB, Cavasini CE, Machado RLD. Prevalência e fatores de risco 
associados à toxoplasmose em grávidas e suas crianças no Noroeste Paulista, Brasil. Rev 
Panam Infectol 9: 24-29, 2007.



320 Rev Patol Trop Vol. 46 (4): 307-320. out.-dez. 2017

14. Garcia CAA, Orefice F, Oliveira IC, Gomes AB, Franca MG, Garcia FCAA. Socioeconomic 
conditions as determining factors in the prevalence of systemic and ocular toxoplasmosis in 
Northeastern Brazil. Ophthalmic Epidemiol 11: 301-317, 2004.

15. Jones JL, Kruszon-Moran D, Wilson M, McQuillan G, Navin T, McAuley JB. Toxoplasma 
gondii infection in the United States: seroprevalence and risk factors. Am J Epidemiol 154: 
357-365, 2001.

16. Jones JL, Dargelas V, Roberts J, Press C, Remington JS, Montoya JG. Risk Factors for 
Toxoplasma gondii Infection in the United States. Clin Infect Dis 49: 878-884, 2009.

17. Junior CEOC, Monteiro CH. Perfil Sorológico da Toxoplasmose na Grande João Pessoa/PB. 
Rev Bras Anal Clin 42: 149-154, 2010.

18. Lopes-Mori FMR, Mitsuka-Breganó R, Bittencourt LHFB, Dias RCF, Gonçalves DD, 
Capobiango JD, Reiche EMV, Morimoto HK, Freire RL, Navarro IT. Gestational toxoplasmosis 
in Paraná State, Brazil: prevalence of IgG antibodies and associated risk factors. Braz J Infect 
Dis 17: 405-409, 2013.

19. Maia LP, Gómez-Hernández C, Oliveira KR, Nomeline QSS, Aidar FLM, Ferreira GLS, 
Ferreira LS. Soroprevalência de toxoplasmose na região do pontal do Triângulo Mineiro, 
Minas Gerais, Brasil. Rev Patol Trop 41: 457-464, 2012.

20. Moura FL, Amendoeira MRR, Bastos OMP, Mattos DPBG, Fonseca ABM, Nicolau JL, Neves 
LB, Millar PR. Prevalence and risk factors for Toxoplasma gondii infection among pregnant 
and postpartum women attended at public healthcare facilities in the City of Niterói, State of 
Rio de Janeiro, Brazil. Rev Soc Bras Med Trop 46: 200-207, 2013.

21. Moura FL, Goulart PRM, Moura APP, Souza TS, Fonseca ABM, Amendoeira MRR. Factors 
associated to toxoplasmosis-related knowledge among pregnant women attending public 
health services in the municipality of Niterói, Rio de Janeiro, Brazil, 2013-2015. Epidemiol 
Serv Saúde 25: 655-661, 2016.

22. Porto AMF, Amorim MMR, Coelho ICN, Santos LC. Perfil sorológico para toxoplasmose em 
gestantes atendidas em maternidade. Rev Assoc Med Bras 54: 242-248, 2008.

23. Remington JS, McLeod R, Desmonts G. Toxoplasmosis. In: Infectious diseases of the fetus & 
newborn infant. WB Saunderns, Philadelphia, 1995.

24. Silva MG, Câmara JT, Vinaud MC, Castro AM. Epidemiological factors associated with 
seropositivity for toxoplasmosis in pregnant women from Gurupi, State of Tocantins, Brazil. 
Rev Soc Bras Med Trop 47: 469-475, 2014.

25. Szklo M, Nieto, FJ. Epidemiology: Beyond the Basics. 3ª ed. Jones & Bartlett Publishers, 
Burlington MA, 2012.

26. Tenter AM, Heckeroth AR, Weiss LM. Toxoplasma gondii: from animals to humans. Int J 
Parasitol 30: 1217-1258, 2000.


