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Abstract: Background: Toxoplasmosis is caused by the intracellular protozoan Toxoplasma gondii, which has a 
worldwide distribution. Here, in the first study of asymptomatic infection by this protozoan in the state of Espírito Santo, 
Brazil, we present an analysis of the prevalence and annual incidence of asymptomatic cases of toxoplasmosis in a rural 
area of this state. 

Methods: Plasma samples from 79 individuals who had responded to questionnaires were analyzed by IgG ELISA, and 
positive cases were subjected to an IgG avidity test. Follow-up lasted one year and consisted of quarterly visits. 

Results: Of the 79 individuals assessed, 67.1% were positive for IgG anti-Toxoplasma gondii, and the incidence was 6.2 
per 100 person-years of observation. No statistically significant association was found between toxoplasmosis and contact 
with cats or between toxoplasmosis and consumption of pork, mutton or lamb, even if these were undercooked or raw. 
According to the multivariate analysis, the only risk factor related to infection appears to be increasing age (OR = 1.086). 
Confirming the data in the literature, the statistical analysis showed that with every additional year of age the risk of 
contracting toxoplasmosis increase by 8.6%. 

Conclusion: The inhabitants of rural communities in the mountainous region of Espírito Santo are very exposed to 
Toxoplasma gondii and know very little about the disease, making them vulnerable to exposure. 
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INTRODUCTION 

 Toxoplasmosis is caused by the intracellular protozoan 
Toxoplasma gondii, which has a worldwide distribution. 
Morphologically, the protozoan has three evolutionary 
forms: oocysts, bradyzoites and tachyzoites. For each 
potentially infectious evolutionary form, the sources of 
infection vary. In the case of oocysts, infection may be the 
result of direct contact with cat feces on the ground or 
ingestion of water, fruit or vegetables contaminated with  
T. gondii. The disease can also be transmitted to humans by 
the consumption of raw or undercooked ovine, swine or 
caprine meat containing tissue cysts [1]. Geoclimatic, social, 
occupational and nutritional factors, as well as the area 
where individuals live (i.e., urban or rural), cause the 
prevalence rate to vary significantly around the world. In the 
USA the prevalence of infection is relatively low compared 
with South American countries. Brazil stands out among the  
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latter because of its high prevalence, which can be as much 
as 80% in some regions [2-4]. In the state of Espírito Santo, 
two studies of the prevalence in humans report different 
frequencies. In the municipality of Venda Nova do 
Imigrante, a prevalence of 11.27% was found for ocular 
toxoplasmosis based on the findings of fundoscopy [5]. In 
the capital of the state, Vitória, a study of pregnant women 
revealed a prevalence of 73.5% among women seen in the 
public health network. This figure was associated with the 
purchase of meat in street markets. Having attended school 
for more than four years appeared to be a protective factor 
for the pregnant women assessed [6]. There is little data on 
the frequency of T. gondii infection among asymptomatic 
individuals in the state as studies carried out to date have 
used specific cohorts that are not representative of the whole 
state.  
 The present study was conducted in an area that is 
endemic for malaria. Various suspected cases of this disease 
were in fact diagnosed as toxoplasmosis at the time of a 
study by Cerutti et al. (2007) [7]. Both these morbid 
conditions (malaria and toxoplasmosis) are potentially 
preventable and require the adoption of public health 
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measures. While malaria is the focus of considerable concern 
because of its unusual transmission mechanism in parts of 
the Atlantic Forest, toxoplasmosis, as the main differential 
diagnosis, also needs to be fully characterized from an 
epidemiological perspective. Here, we analyzed individual 
and environmental risk factors and their association with 
anti-Toxoplasma gondii IgG and estimated the 
seroconversion rate during almost one year of follow-up. The 
challenges associated with preventing primary toxoplasmosis 
in tropical rural areas are discussed. 

MATERIALS AND METHODOLOGY 

Study Area 

 The study was carried out in a rural area of the 
municipality of Santa Teresa, approximately 80 km from 
Vitória, the capital of Espírito Santo. Officially founded in 
1891 when Italian immigrants settled and established 
villages, the city is still greatly influenced by this culture, 
particularly in terms of eating and working habits. Of the 
fifty-one rural communities in the municipality, Lombardia, 
Valsugana Velha, Rio Saltinho, São José do Caldeirão, 
Centenário and Patrimônio were investigated (Fig. 1). 

Study Design 

 The study population consisted of a cohort of residents 
who were already being followed up to determine the 

incidence of malaria. The sample was composed of residents 
living (permanently or not) within a two-kilometer radius of 
the first malaria case detected in 2011. Ninety individuals 
attended the call for interview and blood drawing and were 
enrolled in the study. Of the 90 individuals initially included, 
79 agreed to take part in the follow-up to assess 
toxoplasmosis seroconversion. After the details of the study 
had been explained to them, participants were asked to sign 
an informed consent form. Questionnaires were then applied 
covering the following topics: place of birth; work and 
leisure activities; how long the individual had lived in the 
area: and where he or she had lived previously. Questions 
also covered the presence or otherwise of domestic animals 
(particularly felids); eating habits; types of work and leisure 
activities; signs and symptoms suggestive of toxoplasmosis; 
and when these occurred. New enrollments were not allowed 
after the initial sampling. Participants were followed up 
quarterly from March to December 2011. 

Laboratory Analysis 

 Five milliliters of whole peripheral blood were collected 
from each individual to test for IgG against T. gondii using 
ELISA. Positive samples then underwent IgG avidity tests to 
detect seroconversion. Every three months new blood 
samples were collected and the data on the questionnaires 
were updated. Four visits were made to each participant, 
irrespective of whether or not the individual had 

 
Fig. (1). Map of the administrative limits of Santa Teresa. 
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seroconverted. Individuals who were already positive at the 
first collection were also assessed and followed up, as they 
were also being evaluated for malaria and their clinical status 
needed to be checked. Furthermore, if their serological status 
were found to be constant, this would reinforce the accuracy 
of the results. 

Antigen Preparation 

 The protein antigens were obtained from tachyzoites in 
peritoneal exudate of mice infected with T. gondii (RH 
strain). To collect the exudate, 3 mL of PBS pH 7.2 was 
injected into the animal’s peritoneal cavity and the fluid was 
then extracted with the same syringe without massaging the 
abdomen. The peritoneal liquid obtained in this way was 
centrifuged in 15 mL tubes for 20 s at 9600 g. The super-
natant was discarded, and the pellet was washed with PBS 
pH 7.2, centrifuged for 10 min at 2000 rpm and used to 
prepare a suspension with approximately 1 x 108 to 1 x 109 
tachyzoites suspended in 1 mL of PBS pH 7.2 in a 15 mL 
tube which were sonicated at 20 Hz (in an ice bath) from five 
to seven times for 45 s with 2 min intervals between pro-
cedures (Ultrasonic Homogenizer – 4710; Cole Palmer 
Instrument Co.). Parasite rupture was observed between a 
slide and coverslip under a microscope, and the protein 
concentration was then measured by the Lowry method.  

Detection of Anti-T. Gondii IgG by ELISA 

 Human IgG antibody concentration was determined by 
ELISA using a modification of the technique described by 
Coutelier et al. in 1986 [8]. Flat-bottomed 96-well 
polyethylene microplates (Sarstedt®) that had previously 
been sensitized overnight at 4°C with antigens containing 
2000 µg of protein/mL were used. The plates were then 
washed twice with 0.87% NaCl solution containing 0.05% 
Tween 20 in distilled water (wash solution) and blocked with 
2% casein for 30 min at 37°C, after which they were washed 
four times in the wash solution. The plasmas were diluted in 
a PBS-Tween 20 0.05% solution containing casein 0.25% to 
a dilution of 1:100, and 100 µL of the diluted sample were 
placed in each well in duplicate. Following this, 100 µL of 
peroxidase-labeled anti-human IgG conjugate were added to 
each well. The plates were incubated again at 37°C for  
45 min and washed four times with wash solution. A 100 µL 
volume of the substrate o-phenylediamine dihydrochloride 
(OPD) was then added to each well. After incubation for  
20 min at 37°C, the reaction was stopped by adding 30 µL of 
4N sulfuric acid. Readings were taken at 490 nm in an 
ELISA plate reader (Bio-Rad®, Model 3550). Six negative 
sera and two known positive sera previously tested by 
ELISA were used as controls in duplicate for each plate. 
 The cut-off was defined as the mean optical density (OD) 
of the negative control sera plus three standard deviations 
(SD). The results were expressed as reactivity indices (RI) 
according to the formula: RI = OD sample / OD cut-off, 
where RI values > 1.0 were considered positive and sera 
with RI between 0.95 and 1.05 were tested again. During the 
quarterly follow-up of participants, individuals who failed or 
refused to attend the first blood collection (“no record”) and 
were positive on all the other occasions were considered 
positive for all the quarterly blood collections. The validity 

of this assumption was reinforced by the absence of low-
avidity results for these samples.  

Assessment of IgG Avidity by ELISA 

 Adsorption of the antigen to the plate, dilution of the sera 
and addition of the samples to the wells in duplicate were 
carried out as described above. For this test, however, each 
well was incubated for an additional 10 min at 37ºC with  
100 µL of a neutral chaotropic solution of 6M urea 
containing 0.02M PBS-Tween 20 pH 7.2. The peroxidase-
labeled anti-human IgG conjugate was used in the same 
manner as for the IgG test and the reaction was revealed with 
OPD. The avidity index was calculated as the percentage of 
ELISA antibody titer retained after exposure to the 
chaotropic agent compared with the first reaction (IgG 
ELISA); samples for which this figure was > 50% were 
considered to have a high avidity [9]. To minimize the time 
required and use the same control for both assays, the two 
tests described above (ELISA to detect IgG and the IgG 
avidity test) were performed on the same plate.  

Data Analysis 

 Only the laboratory results from the first blood collection 
were used to calculate the prevalence of anti-T. gondii IgG 
antibodies in the cohort studied. This was done by 
calculating a percentage from the gross number of 
seropositive individuals. The incidence was calculated using 
the seroconversion rate of the participants over time. The 
seroconversion rate was calculated with the number of 
person-years in the denominator normalized to base 100 
[10], as the follow-up of the participants lasted one year and 
consisted of four visits. 
 Categorical variables were expressed as absolute and 
relative frequencies. The distribution of continuous 
quantitative variables was evaluated by determining the 
central tendency and variability, i.e., the mean and standard 
deviation if the data had a Gaussian distribution or the 
median and (interquartile range) IR if the data did not fit this 
distribution. The chi-square test was used to compare 
categorical variables except for results lower than five 
expected for the null hypothesis, when Fisher’s exact test 
was used. In the case of the exposure variable expressed as a 
continuous quantitative response, the comparison was made 
with the Mann-Whitney test, as the outcome was 
dichotomous and the distribution did not fit the Gaussian 
model. Logistic regression was used to detect the presence of 
possible confounding variables. Variables were included in 
the model according to the “enter” method. The criterion was 
a p value < 0.1 in the bivariate analysis model. Goodness of 
fit was tested with the Hosmer-Lemeshow test. Once the 
odds ratio (OR) had been calculated, a confidence interval of 
95% was estimated.  

Study Variables 

 The dependent variable was the presence of anti- 
T. gondii IgG antibodies identified by ELISA in the 
individuals making up the study population. Because the 
incidence was low, the association of the different exposures 
with the probability of being infected at any given moment 
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was evaluated, as the seropositive status does not change 
over time. The independent variables were classified into 
sociodemographic variables (place of residence, gender, age 
and occupation) and behavioral characteristics related to the 
infection (knowledge of toxoplasmosis, presence of pets at 
the time of the study, places where animals defecate, contact 
with animals, involvement with activities connected with soil 
and sand, consumption of raw or undercooked meat and 
consumption of game). The presence of any of these factors 
was recorded either in the initial interview or during the 
follow-up visits when the information was updated. The 
database was analyzed with SPSS version 21 (SPSS Inc.). 

Ethical Considerations 

 The study protocol was approved by the Committee for 
Ethics in Research at the Center for Health Sciences, Federal 
University of Espírito Santo, Brazil (050/2011). Voluntary 
informed-consent forms were signed by all the participants 
or their legally authorized representatives. 

RESULTS  

Data Collected in Questionnaires (Table 1)  

 Out of a total of 79 individuals, 75 participated in the 
first visit, 71 in the second, 74 in the third and 73 in the 
fourth. Forty-two members of the study population (53.1%) 
were male, and there were no pregnant women. Median age 
was 43.5 years (IR: 16.5 to 58.5). The age distribution for the 
cohort is shown in Fig. (2). Only three individuals (3.85%) 
had prior knowledge of toxoplasmosis; these were the only 
participants who were able to state whether there were any 
cases of toxoplasmosis in their families. Forty-nine 
individuals (62.0%) reported that their work involved 
agricultural activities, and only 15 (19.0%) reported that they 
were not involved in leisure activities in which they came 
into direct contact with the rural environment, such as 

fishing or gardening or those requiring contact with 
woodland. Of the 79 participants, 38 (48.1%) reported 
having at least one cat as a pet, and of these, 12 (31.57%) 
kept a sandbox for the animals to defecate in. The remainder 
reported that the animals defecated anywhere in the yard. 
When asked about consumption of game (agoutis, pacas, 
armadillos etc.), only five individuals (6.41%) admitted 
eating this type of meat. Sixty participants (76.93%) 
admitted eating pork or pork sausages at least once a week, 
and of these, only 18 (23.07%) reported that they frequently 
or occasionally ate this type of meat raw. In order to look for 
a relationship between infection by Plasmodium sp. and 
Toxoplasma gondii, participants were also asked if they had 
already acquired malaria. In all, 9 (11.4%) reported that they 
had acquired this disease in the past. 

ELISA and IgG Avidity test 

 The results of ELISA tests on blood samples collected 
during the first visit or on samples that were positive on all 
the other visits revealed that 53 individuals had positive 
serology for T. gondii. The prevalence of toxoplasmosis was 
therefore 67.1% (53 out of 79; CI 95% = 56.7% - 77.5%) in 
the rural area of the municipality. Initially, none of the 
participants were diagnosed as having had an infection 
recently based on IgG avidity tests. However, on subsequent 
visits both tests identified new cases (including cases that 
were positive in the avidity test). Based on these data, the 
seroconversion rate of the cohort during the study period was 
calculated. Of the 79 individuals who took part in the study 
in 2011, 75 presented for the first blood collection. Of these, 
26 (32.9%) had been negative for anti-T. gondii antibodies in 
the first plasma sample collected. One participant had 
seroconverted at the third collection and another two at the 
fourth, indicating that they had been exposed to the parasite  
 

 

 

Fig. (2). Seroprevalence of toxoplasmosis by age group in the cohort of Santa Teresa, ES, 2011. 
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Table 1. Behavioral characteristics statistically associated with Toxoplasma gondii infection in rural Santa Teresa, ES. 

Variables 
ELISA 

P Value 
Positive Negative 

Gender     

0.567    Male 25 (49.0%) 11 (56.0%) 

   Female 26 (51.0%) 11 (44.4%) 

Age     0.000 

  1-14 years 5 (31.25%) 11 (68.5%)   

  15-30 years 6 (46.15%) 7 (53.85%)   

  31-60 years 23 (76.6%) 7 (23.4%)   

  >60 years 17 (100%) 0 (0,0%)   

Previous episode of malaria     

0.257*    Yes 8 (15.7%) 1 (4.0%) 

   No 43 (84.3%) 24 (96.0%) 

Knowing about having or not having toxoplasmosis     

1.000*    Yes 2 (3.9%) 1 (4.0%) 

   No 49 (96.1%) 24 (96.0%) 

Knowing whether there was a previous episode of symptomatic or 

congenital toxoplasmosis in the family 
    

0.250* 
   Yes 1 (2.0%) 2 (8.0%) 

   No 50 (98.0%) 23 (92.0%) 

Activity work     

0.042    Agricultural 31 (60.8%) 9 (36.0%) 

   Non-agricultural 20 (39.2%) 16 (64.0%) 

Contact with domestic animals     

0.773** 

   No 9 (17.6%) 7 (28.0%) 

   Yes, with cats 2 (3.9%) 1 (4.0%) 

   Yes, with dogs 13 (25.5%) 5 (20.0%) 

   Yes, with cats and dogs 27 (52.9%) 12 (48.0%) 

Contact with dogs     

0.324    Yes 40 (78.4%) 17 (68.0%) 

   No 11 (21.6%) 8 (32.0%) 

Contact with cats     

0.689    Yes 29 (56.9%) 13 (52.0%) 

   No 22 (43.1%) 12 (48.0%) 

Animals have a specific place to defecate     

-    Yes 12 (30.0%) 0 (0.0%) 

   No 28 (70.0%) 16 (100.0%) 
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Table 1. Contd….. 

Variables 
ELISA 

P Value 
Positive Negative 

Leisure activities involving woodland     

0.084*    Yes 4 (9.3%) 7 (28.0%) 

   No 39 (90.7%) 18 (72.0%) 

Leisure activities involving the banks of rivers or streams     

1.000*    Yes 7 (16.3%) 4 (16.0%) 

   No 36 (83.7%) 21 (84.0%) 

Leisure activities involving other rural environments     

0.809    Yes 15 (34.9%) 8 (32.0%) 

   No 28 (65.1%) 17 (68.0%) 

Leisure activities involving direct contact with animals     

0.144    Yes 10 (23.3%) 10 (40.0%) 

   No 33 (76.7%) 15 (60.0%) 

Leisure activities involving direct contact with the soil     

0.286    Yes 15 (34.9%) 12 (48.0%) 

   No 28 (65.1%) 13 (52.0%) 

No contact with the rural environment during leisure activities     

0.741    Yes 11 (23.4%) 5 (20.0%) 

   No 36 (76.6%) 20 (80.0%) 

Consumption of home-made sausages or pork     

1.000*    Yes 41 (80.4%) 20 (80.0%) 

   No 10 (19.6%) 5 (20.0%) 

Consumption of game at present     

1.000*    Yes 5 (9.8%) 2 (8.0%) 

   No 46 (90.2%) 23 (92.0%) 

Consumption of game in the past     

0.277** 
   No 43 (84.3%) 23 (92.0%) 

   Yes, on average 2 years ago 5 (9.8%) 2 (8.0%) 

   Yes, more than 10 years ago 3 (5.9%) 0 (0.0%) 

Frequency with which pork, mutton or lamb (including sausage) is 

consumed 
    

0.470** 

  Never 9 (17.6%) 8 (32.0%) 

  Every day 1 (2.0%) 0 (0.0%) 

  Several times a week 2 (3.9%) 2 (8.0%) 

  Once a week 11 (21.6%) 5 (20.0%) 

  From time to time 28 (54.9%) 10 (40.0%) 
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Table 1. Contd….. 

Variables 
ELISA 

P Value 
Positive Negative 

Frequency with which raw pork, mutton or lamb (including sausages) 

is consumed 
    

0.387**   Never 37 (72.5%) 21 (84.0%) 

  Rarely 4 (7.8%) 2 (8.0%) 

  Occasionally 10 (19.6%) 2 (8.0%) 

  Total 100.00% 100.00% - 

* Fisher exact test. 
   

** Maximum likelihood. 
    

during the year. The first individual to seroconvert was 
female, and the other two male. The woman was 26 and the 
one male whose age was recorded on the questionnaire was 
72 years old. Of these three, the two who answered all the 
questions did not work in activities connected with the rural 
environment, their leisure activities involved contact with the 
land and they stated that they did not eat raw meat or 
sausages. The seroconversion rate was therefore estimated at 
6.2 per 100 person-years of observation (CI 95% 1.3-18.2 
per 100 people-years). In the IgG avidity test, two of these 
samples showed a functional affinity of less than 50%, 
indicating the low avidity of these antibodies for the antigen 
tested. The other serum sample showed a high avidity in this 
test (>50%). 

Seropositivity and Associated Variables  

 The bivariate analysis showed that the median age of 
infected individuals was 52 years (IR: 32 to 65). Comparison 
of the age distributions for positive and negative individuals 
using the Mann-Whitney test showed that age was 
statistically associated with seroconversion (Fig. 2). There 
was no statistically significant association between gender 
and contracting the infection (p = 0.567). The associations 
between the various behavioral characteristics studied and 
seroprevalence in the study sample were investigated. The 
characteristics that satisfied the criteria for inclusion in the 
multivariate analysis model (p <0.2) were age, type of work 
activities, leisure activities involving woodland and leisure 
activities involving direct contact with animals. In the 
multivariate analysis of these factors the only positive 
association was between seropositivity and age, with an 
adjusted OR of 1.086 (CI 95% = 1.031-1.145, p-value = 
0.002) (Table 2), indicating that each additional year of life 
implies an 8.6% increase in the risk of infection. The 
exclusion of age in the multivariable model did not change 
the association of the other variables with seropositivity 
(data not shown). 

DISCUSSION  

 There is still a dearth of literature in Brazil on rural 
communities and the factors that lead to infection by  
T. gondii in individuals living in these communities, 

particularly when the infection remains asymptomatic. This 
study, which was carried out in a rural area of Brazil, found a 
high prevalence (67.1%) of anti-T. gondii antibodies and an 
annual seroconversion rate of 6.2 per 100 people-years of 
observation. Seroprevalence was found to increase with age 
and not to vary with gender. Seropositive individuals were 
older than individuals who were seronegative (median ages 
52 years and 16 years, respectively; Mann-Whitney test: 
p<0.001). The number of seropositive children in the present 
study was approximately one third less than in a study 
carried out in a rural area of the state of Acre in the Amazon 
region by Ferreira et al. (2009) [10]. In Santa Teresa most of 
the population became seropositive later in life, as shown by 
the seroprevalences: only 46% of participants were positive 
by the age of 30 years while by the age of 60 this increased 
to 76.6%. These figures are different from those reported by 
Ferreira et al. (2009) [10], who found seroprevalences of 
76.8% and 90%, respectively, for the same age groups. 
Hence, there was a lower seroconversion rate among young 
people in this rural area in Espírito Santo, showing that there 
is an important difference between Amazon and extra-
Amazonian regions.  
 The variable age, because of the magnitude of its 
association, continued to be significant in the multivariate 
model and proved to be a factor associated with 
seropositivity. In this population the chance of having a 
positive IgG ELISA for T. gondii increases 1.086 times 
(8.6%) with every additional year of age. This result was 
expected as, according to various researchers [10-14], an 
increase in age is directly associated with a greater chance of 
infection by T. gondii, which can be explained by the greater 
probability of an individual being exposed to different 
transmission factors. For this reason, many investigators, 
including Quites et al. (2007) [13], exclude age from 
multivariate analyses. In the present study, however, 
exclusion of age did not affect the results for the other 
variables (results not shown).  
 Although Quites et al. (2007) [13] reported different 
results in their study, in which they found a prevalence of 
32.57%, various behavioral characteristics and the 
seroprevalence rate in our study corroborate the findings for 
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another rural Brazilian population (seroprevalence of 65.8%) 
investigated using a design similar to ours [10].  
 In order to ensure that the data for the cohort in Santa 
Teresa were typical of rural areas in the highlands of Espírito 
Santo, a smaller sample of inhabitants of the neighboring 
municipality of Santa Maria de Jetibá (28 km from Santa 
Teresa) were followed up in parallel. The seroprevalence for 
this parallel sample using the same laboratory technique was 
61.1% (results not shown).  
 Different factors related to people’s lifestyles are 
associated with the risk of infection by T. gondii, which can 
be explained by the fact that the infection can be spread in 
different ways. If one considers that infection by T. gondii 
occurs during different stages of the etiologic agent’s 
lifecycle, i.e., as a result of consumption of food 
contaminated with oocysts, direct contact with oocysts from 
cat feces on the ground or by ingesting cysts containing 
bradyzoites in previously infected animal tissues [14-16], the 
absence of an association between the high prevalence in the 
rural area studied and these behavioral factors is curious. 
With regard to contact with domestic animals (cats and 
dogs), a relatively large percentage of the study population 
(53.2%) reported contact with the former, although the 
corresponding figure for dogs was higher (72.2%). 
According to Ferreira et al. (2009) [10], the presence of dogs 
in the home may have been a protective factor in their study, 
as these animals are able to frighten away cats and wild 
felids, reducing the risk of contamination of the environment 
with oocysts. Their data, however, must be interpreted with 
caution, because in their article having a dog at home was 
not a protective factor and cluster analysis was not controlled 
for potential confounding factors. Of those individuals in our 

study who reported having contact with a pet (65.8%), a 
large percentage (76.92%) did not know where these animals 
defecated. This would suggest that the ground or irrigation 
water may be contaminated with oocysts (in the case of cat 
feces). As being an agricultural worker was statistically 
significant (p = 0.042) in the bivariate analysis, it can be 
inferred that direct or indirect contact with the parasite is the 
result of this type of work rather than contact with the feces 
of felids. Conditions favorable to oocyst survival and 
maturation (sporogony) can, in the absence of effective 
prevention measures, result in the high seroprevalence 
observed here. In addition, the widespread distribution of the 
protozoan in this kind of environment and the multiple 
possibilities for infection would tend to obscure any 
relationship with specific exposure factors, explaining the 
lack of any statistically significant association in this study. 
The contribution made by the transmission of T. gondii in 
water to infection in humans in rural areas of the country has 
been little studied. However, the consumption of vegetables 
grown in private vegetable plots (p = 0.0002) and the origin 
of drinking water (p = 0.02) were strongly associated  
(p < 0.05) with seropositivity in rural Amazonia [17]. 
According to the same study, ingestion of oocysts appears to 
be the main source of contamination in humans.  
 With regard to eating habits, 75.9% of residents admitted 
eating pork sausage or pork, lamb or mutton at least once a 
week, although only 20.3% admitted eating this type of food 
raw, suggesting that this type of transmission is rare in the 
region. This finding contradicts data showing an association 
between this eating habit and a risk of infection with  
T. gondii (OR = 2.00, p = 0.01) in Erechim, in the interior of 
the state of Rio Grande do Sul [18]. However, the indigenous 
tribe Enawenê-Nawê, which has one of the highest 

Table 2. Results of the univariate/bivariate and logistic regression analyses for variables with a statistically significant relationship 

with toxoplasmosis in rural Santa Teresa, ES, 2011. 

Variables 

Results of the univariate/bivariate analysis Results of regression 

p value 
OR 

95% CI p value 
OR 

95% CI 
Crude Adjusted 

Do your leisure activities involve direct contact with animals? 0.144     0.865     

   Yes   0.455 0.156-1.323   0.89 0.232-3.413 

   No - - - - - - 

Do your leisure activities involve woodland?  0.084     0.12     

   Yes   0.264 0.068-1.017   0.28 0.056-1.395 

   No - - - - - - 

What type of activity do you do? 0.042     0.168     

   Agricultural   2.756 1.022-7.426   0.274 0.043-1.728 

   Non-agricultural - - - - - - 

Age 0 - - 0.002 1.086 1.031-1.145 

* Hosmer-Lemeshow Test = 0.316 – the model fitted the data well 
p value < 0.05 
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seroprevalences of T. gondii in the country (78.8%), do not 
eat any red meat or breed domestic animals, such as chicken, 
for their own consumption [3], suggesting that the 
consumption of meat, whether raw or not, does not play a 
significant role in the transmission of toxoplasmosis in 
Brazil.  
 The consumption of game was reported by a small 
number of individuals (6.3%) during the study, but this 
number increased to 12.7% when respondents were asked 
about this type of food in the past (2 to 10 years earlier and 
more than 10 years earlier). We believe that the information 
about this issue may be distorted, as hunting animals is 
forbidden in Brazil [19]. When questioned, many individuals 
were reluctant to reply to the question “Do you currently eat 
game?” and although there are not, to our knowledge, any 
studies quantifying the consumption of this type of meat in 
Brazil, respondents stated informally that this practice is 
common in the study area. In light of this, a better approach 
might have been to include questions about “exotic meats”, 
so that no reference was made to the consumption of 
forbidden meat. The relationship between prevalence and the 
location of residents’ dwelling places was not analyzed as 
the cohort was defined during the malaria study using the 
criterion that participants should live within a 2 km radius of 
the first malaria case recorded in the rural area of the 
municipality. Hence, the small geographic spread of the 
sample precluded an adequate spatial analysis. During the 
follow-up there were three cases of seroconversion. Two of 
these individuals could be assessed at all the blood 
collections, but the other only at the first and last, when his 
IgG avidity was already high. Interestingly, at the last 
collection, low IgG avidity was observed in two other 
patients who were already seropositive and had had high IgG 
avidities since the first collection. We believe this finding 
can be attributed to the fact that in rare cases, low avidity 
IgG antibodies are still present many years after initial 
contact with the parasite [20]. 
 The limitations of the present study relate mainly to the 
sampling process, as it was not probabilistic but based on the 
relationship between the area where the subjects lived and 
the occurrence of malaria. Consequently, the figures may not 
be representative of the real frequency of toxoplasmosis in 
the population or may not be sufficiently precise to guarantee 
enough power to detect associations between the several 
dependent variables and the outcome, a concern made all the 
greater by the small sample size. Moreover, several 
characteristics of the subjects were determined based on 
information provided by the subjects themselves, allowing 
the introduction of bias related to acceptability and memory. 
The association of dependent variables with a measure of 
prevalence also limits the conclusions regarding causality. 
However, the high prevalence of toxoplasmosis among 
human populations, the robustness of the analytical methods 
used, the close agreement between our findings and those of 
other similar studies and the similarity of the frequencies 
observed with those recorded in a parallel study in the same 
area (Santa Maria de Jetibá) make the results of the present 
study all the more important.  
 

CONCLUSION  

 This study has confirmed that the inhabitants of rural 
communities in the mountainous region of Espírito Santo are 
highly exposed to T. gondii, which is reflected in the high 
prevalence observed (67.1%) and the equally worrying 
seroconversion rate (6.2 per 100 people-years of 
observation). Our results indicate that of the various factors 
investigated, only age was associated with contracting  
T. gondii infection in the community. Although a statistically 
significant association was not found, the large number of 
infected individuals in the rural area of the municipality of 
Santa Teresa may be associated with habits or customs 
common to residents exposed to factors related to infection 
investigated in the questionnaire. The widespread 
distribution of the protozoan in the environment and the fact 
that the sample investigated had the characteristics of a 
spatial cluster may have prevented such associations being 
identified. The residents of the study know extremely little 
about toxoplasmosis and how the disease is transmitted, 
making them vulnerable to exposure as a result of practices 
they consider normal and risk-free. In light of this and the 
findings of populational studies such as the present study and 
many others, it is incumbent upon health managers to plan 
and implement measures related to the provision of 
information about toxoplasmosis and the control and 
prevention of the disease, as well as to provide resources for 
diagnosing those already infected (67.1%) in the rural area of 
the municipality. The similar findings for Santa Maria de 
Jetibá confirm the need to introduce public-health policies in 
other mountainous areas of the state of Espírito Santo. The 
epidemiology of toxoplasmosis is undoubtedly complex, and 
comprehensive studies addressing socioeconomic, 
environmental, immunological and genetic issues, among 
others, have been carried out to elucidate the different 
mechanisms involved in T. gondii transmission and 
infection. By providing epidemiological information about  
T. gondii infection, this study lays the basis for the 
development of strategies to prevent this infection, which is 
an important public health problem in Brazil and other 
countries. 
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