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Abstract: Brazilian quilombos are rural semi-isolated remnant communities of former black slaves and
their descendants who traditionally maintained themselves through archaic subsistence livestock and
agriculture practices and historically lacked specific public health policies. Although such individuals
and their dogs may be exposed to zoonotic pathogens such as Toxoplasma gondii, no study to date has
assessed these human-animal populations together. Populations in four different Brazilian quilombos
in southern Brazil were evaluated. Overall, 93/208 people (44.7%) and 63/100 dogs (63.0%) were
seropositive for IgG anti-T. gondii antibodies by indirect immunofluorescent antibody test (IFAT),
4/208 (1.9%) human samples seropositive for IgM anti-T. gondii antibodies, with a human-dog
seropositivity ratio for IgG of 0.71. Quilombola individuals ingesting game meat were 2.43-fold more
likely (95% CI: 1.05–5.9) to be seropositive. No risk factors were associated with seropositivity among
dogs, thus suggesting that their exposure to T. gondii was random. Surprisingly, our research group
had previously found an inverted human-dog ratio for T. gondii seropositivity of 2.54 in the urban
area of a nearby major city. Because consumption of raw/undercooked game meat by quilombola
individuals may have contributed to higher exposure, higher overall seroprevalence among dogs
may have also indicated interaction with wildlife. Although these dogs may hunt wildlife without
their owners’ awareness, the higher dog seropositivity may also be related to feeding from discarded
food in the community or backyard livestock animals and drinking surface water contaminated
with oocysts. Thus, wildlife cannot be singled out as the reason, and future studies should consider
sampling water, soil, wildlife, and livestock tissues, to fully establish the source of infection in
dogs herein.

Keywords: brazilian quilombos; quilombola; one health; zoonosis

1. Introduction

Toxoplasmosis has been described as a foodborne and waterborne disease caused
by Toxoplasma gondii that is a matter of public and animal health concern worldwide [1].
T. gondii can infect all infected warm-blood species [2]. Most of these species have been
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considered intermediate hosts due to the asexual stage occurrence of T. gondii [2]. Domestic
cats and other Felidae members are considered definitive hosts with T. gondii sexual stages
and the capacity of oocyst shedding into feces in the environment and infecting intermediate
hosts such as humans and dogs [2]. T. gondii development stages include the tachyzoite
form (active and rapid division), bradyzoite (slow division and tissue cysts), and sporozoite
(oocysts present in the environment) [3]. Ingestion of raw or undercooked meat with tissue
cysts has been considered an important source of human T. gondii infection, including
consumption of exotic and native species [1,4]. Additionally, consumption of water or
vegetables containing oocysts, accidental ingestion of oocysts from contaminated soil,
and vertical transmission have been recognized as other routes for human infection with
T. gondii [5]. Seropositivity for T. gondii has been correlated with risk factors that include
social vulnerability, lack of basic sanitary conditions, low income, and illiteracy [6,7]. In
addition, individuals living in rural areas may be more exposed to T. gondii due to the
vulnerable conditions, variety of domestic and wild intermediate hosts, unneutered cat
population, and difficulty in accessing healthcare assistance [8,9].

Brazilian quilombos (quilombola as an adjective) have been defined as rural semi-isolated
remnant communities that were formed by former black slaves originally during the time
of slavery and persisted after abolition in 1888 [10]. Approximately 5972 such communities
officially still exist nationwide, in which the inhabitants have preserved their African culture.
Quilombola individuals have traditionally maintained themselves through subsistence
agriculture [10]. The semi-isolation of these communities has been associated with their
remote location, historical segregation implemented by European immigrant settlers, and
the lack of specific public health policies [11,12]. Starting only in 2023, the Brazilian
government created the Ministry of Racial Equality, which has become responsible for the
planning, coordination, promotion, and execution of public policies toward racial equality
and against racism [13].

Although quilombola individuals and their dogs may be exposed to T. gondii, no study
to date has assessed these Brazilian quilombola populations. In addition, this scenario
of overlapping risk factors for human, animal, and environmental health with regard to
toxoplasmosis and associated risk factors demands the use of a One Health approach so
that T. gondii infection can be effectively surveyed, analyzed, controlled, and prevented,
as has already been established [14]. Accordingly, the aim of the present study was to
assess the prevalence of IgG and IgM anti-T. gondii antibodies in humans, IgG anti-T. gondii
antibodies in dogs, and associated risk factors in both for disease among inhabitants of four
quilombos in southern Brazil.

2. Materials and Methods
2.1. Study Design and Area

The present study consisted of a cross-sectional survey of T. gondii exposure among
quilombola individuals and their dogs. It was conducted in four different Brazilian quilombos
located in rural areas of the state of Paraná, in southern Brazil, named Limitão, Mamans,
Serra do Apon, and Tronco. These communities were established during the second half of
the 19th century by individuals fleeing from slavery, which had mostly been associated with
yerba mate plant cultivation and livestock activities. Similar to other Brazilian quilombos,
the communities studied here were living through subsistence farming, backyard livestock-
rearing, and handmade crafts. They were increasingly facing a struggle for their land,
under pressure from forestry interests in surrounding commercial areas of Eucalyptus spp.
wood production [15].

The studied population herein was estimated at 4000 unprivileged individuals with
limited resources, officially recognized as lineal descendants of former black slavers and
mostly distributed in unfertile, remote, and isolated areas of Paraná State [16]. The min-
imum sampling in such a scenario was calculated for 200 individuals, around 5% of the
estimated quilombola population of Paraná State. Living in small and dispersed communi-
ties in rugged geographical areas of difficult access has historically granted safety and less
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recapture likelihood of fled individuals all at once during slavery. However, small commu-
nities around 50–60 km (31–37 miles) far from each other, connected by a few unmaintained
gravel and sand roads at the time of the survey, have posted multiple logistical challenges.
Human and dog samplings have required a total of six incursions, each one with previous
door-to-door visits made by community leaders and city health agents. In addition, the
four quilombola communities herein were assessed by a partnership with the Association of
Rural Quilombola Communities at Castro County, founded in 2005 to strengthen member
communities, preserve their African culture and fight for public policies [17]. Visits were
conducted by a research task force of certified nurses, pharmaceuticals, veterinarians, and
biologists, transported by a convoy of off-road vehicles carrying along tables, sampling
chairs, field tents and sampling materials, and dog vaccines in monitored thermal boxes.

The study area at that time comprised both natural and degraded areas of the Atlantic
Forest and Cerrado biomes, with a humid temperate climate of an average temperature of
17.5 ◦C and average rainfall of 1495 mm3.

This study was approved by the Ethics Committee for Human Health of the Brazilian
Ministry of Health (protocol 53828121.1.0000.0105) and by the Ethics Committee for Animal
Use (protocol 22.000075139-9) of the State University of Ponta Grossa.

2.2. Sample Size

A meta-analytic study with blood donors has estimated a 75% human toxoplasmosis
prevalence in Brazil, one of the highest worldwide [18]. Thus, the minimum sampling
size for logistic regression was calculated with a 50% estimated seroprevalence for the
quilombola population, with a 0.05 probability of rejecting the null hypothesis (Type I error),
20% probability of failing to reject the null hypothesis under the alternative hypothesis
(Type II error), and 1.5 minimum detectable odds ratio. Calculations based on available
“Sample Size Calculators for designing clinical research” [19] resulted in a minimum of
194 individuals.

2.3. Sample Collection

A total of six field incursions were carried out between December 2021 and March
2022, and the investigation was performed in coordination with the Association of Ru-
ral Quilombola Communities in Castro County. All individuals voluntarily participated,
signed a formal consent, and responded to an epidemiological questionnaire prior to
samplings, applied by trained healthcare professionals. Illiterate persons were previously
explained on contents and fingerprinted consent forms. For individuals under 18 years old,
a parental signed consent form was required. A total of 10 mL of human blood samples
were collected by cephalic puncture, performed by certified physicians and nurses. Dogs
of quilombola communities herein had full outdoor access and exchanged multiple owners
and households, making extremely difficult and unreliable any further statistical analysis
of owner-dog risk for T. gondii infection. Thus, formal signed consent for dog sampling was
obtained by one of these owners, and an epidemiological was questionnaire responded
to by one or multiple owners. A total of 10 mL of blood samples were collected from
dogs by jugular venipuncture, following physical restrain, and performed by certified
veterinarians. All samples were collected in tubes without anticoagulant and centrifuged
at 1500 revolutions per minute for five minutes. The serum was separated and stored at
−20 ◦C until processing.

2.4. Serological Analysis

Detection of anti-T. gondii IgG and IgM antibodies were performed using the indi-
rect immunofluorescent antibody test (IFAT) for human samples and anti-T. gondii IgG
antibodies for dog samples, using two species-specific conjugates and positive controls as
previously described [20].

Samples were tested for the detection of anti-T. gondii indirect fluorescent antibody
test (IFAT). Anti-human specific IgG and IgM conjugate antibodies were used for human
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detection, while anti-dog IgG was used for dog detection. Immunofluorescence slides
were sensibilized with the antigenic solution obtained from peritoneal washes in Swiss
mice, previously inoculated (with 3 days), with 1 mL of enriched suspension of tachyzoites
of T. gondii (strain RH). Before slide sensibilization, tachyzoites were inactivated with
formaldehyde 0.1%.

Initially, human sera were submitted to detection of anti-human IgG, as previously
established [21]. Each serum sample was diluted in phosphate-buffered saline solution
(PBS) 0.01 M pH7.2 in the dilutions of 1:16, 1:64, 1:256, 1:1024, and 1:4096. In the same micro
plaque, a similar procedure was performed for positive and negative control sera obtained
in human patients at the routine service. Serum and correspondent dilutions were inserted
into the previously sensibilized slides and incubated at 37 ◦C for 30 min. After washing
in PBS 7.2, a commercial anti-human IgG antibody conjugated with fluorescein isothio-
cyanate (Bethyl Laboratories, Montgomery, TX, USA) was applied to the slides, serving
as a secondary antibody reaction. This conjugate was diluted according to its previously
established titer in Evans blue at 20 mg%. Slides were incubated again at 37 ◦C for 30 min.
After slide drying, reading was performed at the immunofluorescence microscope with
a 40X objective, considering as the final point of reaction the higher serum dilution in
which complete and intense fluorescence was present in at least 50% of tachyzoites. Serum
samples were then submitted to detection of anti-human IgM antibodies, following the
same described procedure, but using commercially available specific anti-human IgM, also
conjugated with fluorescein isothiocyanate (Bethyl Laboratories, Montgomery, TX, USA),
as previously described [22]. Similar procedures were performed for IgM positive and
negative control sera obtained in human patients at the routine service.

Dog serum samples were diluted in phosphate-buffered saline solution (PBS) 0.01 M
pH7.2 in the dilutions of 1:16, 1:64, 1:256, 1:1024, and 1:4096, applied into previously
sensibilized slides and incubated at 37 ◦C for 30 min. After washing in PBS 7.2, a commercial
dog IgG antibody conjugated with fluorescein isothiocyanate (Zoonosis Control Center,
Immunology Sector, São Paulo, SP, Brazil) was applied in the slides. Conjugate was diluted
according to its titers, as previously established in Evans blue at 20 mg%. Slides were
incubated again at 37 ◦C for 30 min. After slide drying, reading was performed at the
immunofluorescence microscope with a 40X objective, considering as the final point of
reaction the higher serum dilution in which complete and intense fluorescence was present
in at least 50% of tachyzoites, as previously established [23]. A similar procedure was
performed for IgM positive and negative control sera, obtained in dog patients at the
routine service.

2.5. Epidemiological Data and Statistical Analysis

Human epidemiological analyses were performed based on a questionnaire about
human exposure to T. gondii. This included questions on household location, sex, age,
educational level, contact with soil, a water source used for consumption, human feces
destination, dog or cat ownership, dog and cat ownership, consumption of raw or under-
cooked meat, consumption of raw or undercooked game meat, onychophagia, consumption
of raw milk, travel outside the community, visual impairment, and history of miscarriage.

Dog epidemiological analyses were performed based on a questionnaire relating
to dogs’ exposure to T. gondii. This included questions on household location, sex, age,
mobility, type of food, consumption of raw or undercooked meat, hunting activities, and
consumption of treated water.

The data collected were stratified into categorical outcomes and assessed for their
association with T. gondii IgG seropositivity among humans and dogs, using Pearson’s chi-
square test or Fisher’s exact test, if necessary. Variables that demonstrated a p-value < 0.20
in univariable models were selected for inclusion in a multivariable logistic regression
analysis. The logistic model enabled the estimation of the odds ratio for each predictor
variable and its corresponding 95% confidence interval. A significant level of 5% was
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applied to all statistical tests. The R Core Team software 4.1.0 (2022) was used to conduct
all statistical analyses [24].

3. Results

A total of 208 quilombola individuals and 100 dogs were sampled for this study. In
such a challenging situation, the sample size was considered reasonable, with adequate sta-
tistical power to assess associated risk factors to a 44% prevalence observed herein. Overall,
93/208 humans (44.7%; 95% CI: 38.1–51.5) and 63/100 dogs (63.0%; 95% CI: 53.2–71.8) were
seropositive for IgG anti-T. gondii antibodies (Figure 1), with an overall human-dog seropos-
itivity ratio of 0.71. Human seropositivity ranged from 41.4% (29/70; 95% CI: 30.6–53.1) in
the Serra do Apon community to 49.0% (25/51; 95% CI: 35.9–62.3) in the Tronco community.
Among pregnant women, 2/5 (40.0%) were seropositive. All samples were tested for IgM
antibodies, with 4/208 (1.9%) seropositive samples from three different communities. These
IgM-positive individuals comprised one seven-year-old boy and three adults (one man and
two non-pregnant women). The presence of both IgG and IgM was found in one out of
these four samples.
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Figure 1. Sampling locations and frequency of occurrence of anti-T. gondii antibodies among quilombola
individuals and their dogs in four Brazilian quilombos in southern Brazil.

Several of the potential risk factors for T. gondii exposure among quilombola individuals
that were tested for association were found not to be statistically significant, as follows:
household location (p = 0.875), sex (p = 0.801), age (p = 0.166), educational level (p = 0.347),
contact with soil (p = 0.333), water source used for consumption (p = 0.408), human feces
destination (p = 0.645), dog or cat ownership (0.181), consumption of raw or undercooked
meat (p = 0.882), consumption of raw or undercooked game meat (p = 0.068), onychophagia
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(p = 1), consumption of raw milk (p = 0.834), travel outside the community (p = 0.281), visual
impairment (p = 0.436) and history of miscarriage (p = 1). From the logistic regression, indi-
viduals who declared that they consumed raw or undercooked game meat were 2.43-fold
more likely (95% CI: 1.05–5.9) to be seropositive for T. gondii. Although age (p = 0.166)
and dog or cat ownership (p = 0.181) were considered to be appropriate for multivariate
analysis, the variables were not found to be significant according to the final logistic model
(Table 1). Additionally, quilombola individuals have reported hunting white-lipped pec-
caries (Pecari tajacu), coatis (Nasua nasua), armadillos (Dasypus sp.), opossums (Didelphis
aurita), capybaras (Hydrochoerus hydrochaeris), and wild boars (Sus scrofa).

Table 1. Associated risk factors for anti-Toxoplasma gondii (IgG) antibodies among quilombola individ-
uals (n = 208) living in Brazilian quilombos in southern Brazil.

Univariate Analysis Multivariate Analysis

Variables Seropositive
n (%)

Seronegative
n (%)

OR
(95% CI) p-Value OR

(95% CI) p-Value

Household location n = 93 n = 115 0.875
Limitão 20 (21.5) 25 (21.7) 1.0
Mamans 19 (20.4) 23 (20.0) 1.03 (0.44–2.43)
Serra do Apon 29 (31.2) 41 (35.7) 0.88 (0.41–1.90)
Tronco 25 (26.9) 26 (22.6) 1.20 (0.53–2.71)

Sex n = 93 n = 115 0.801
Female 55 (59.1) 71 (61.7) 1.0
Male 38 (40.9) 44 (38.3) 1.12 (0.64–1.97)

Age (years) n = 93 n = 115 0.166
<6 4 (4.3) 7 (6.1) 1.0 1.0
6 to 17 17 (18.3) 18 (15.7) 1.62 (0.40–7.42) 2.06 (0.45–11.3) 0.336
18 to 59 65 (69.9) 70 (60.9) 1.60 (0.45–6.58) 1.61 (0.4–8.0) 0.519
>59 7 (7.5) 20 (17.4) 0.62 (0.13–3.08) 0.61 (0.12–3.58) 0.557

Educational level * n = 91 n = 113 0.347
Illiterate 13 (14.3) 20 (17.7) 1.0
Elementary 72 (79.1) 90 (79.6) 1.23 [0.57–2.70]
High school 6 (6.6) 3 (2.7) 2.93 (0.63–17.0)

Contact with soil * n = 90 n = 112 0.333
No 4 (4.4) 10 (8.9) 1.0
Yes 86 (95.6) 102 (91.1) 2.06 (0.65–7.97)

Water source used for consumption * n = 81 n = 103 0.408
River 13 (16.0) 10 (9.7) 1.0
Well 23 (28.4) 34 (33.0) 0.53 (0.19–1.41)
Spring 45 (55.6) 59 (57.3) 0.59 (0.23–1.48)

Human feces
destination * n = 92 n = 112 0.645

Dry latrine 6 (6.5) 4 (3.6) 1.0
Environment 37 (40.2) 45 (40.2) 0.56 (0.13–2.16)
Septic tank 49 (53.3) 63 (56.2) 0.53 (0.12–2.01)

Dog or cat ownership * n = 88 n = 112 0.186
No 6 (6.8) 3 (2.7) 1.0 1.0
Yes 82 (93.2) 109 (97.3) 0.39 (0.08–1.56) 0.27 (0.05–1.15) 0.090

Consumption of raw or
undercooked meat * n = 92 n = 112 0.882

No 84 (91.3) 104 (92.9) 1.0
Yes 8 (8.7) 8 (7.1) 1.24 (0.43–3.55)
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Table 1. Cont.

Univariate Analysis Multivariate Analysis

Variables Seropositive
n (%)

Seronegative
n (%)

OR
(95% CI) p-Value OR

(95% CI) p-Value

Consumption of raw or undercooked
game meat * n = 91 n = 112 0.068 0.042

No 74 (81.3) 102 (91.1) 1.0 1.0
Yes 17 (18.7) 10 (8.9) 2.32 (1.01–5.58) 2.43 (1.05–5.9)

Onychophagia * n = 88 n = 110 1
No 65 (73.9) 82 (74.5) 1.0
Yes 23 (26.1) 28 (25.5) 1.04 (0.54–1.97)

Consumption of raw milk n = 89 n = 112 0.834
No 21 (23.6) 29 (25.9) 1.0
Yes 68 (76.4) 83 (74.1) 1.13 (0.59–2.18)

Travel outside the community * n = 84 n = 114 0.281
No 76 (90.5) 96 (84.2) 1.0
Yes 8 (9.5) 18 (15.8) 1.78 (0.73–4.32)

Visual impairment * n = 90 n = 110 0.436
No 57 (63.3) 62 56.9) 1.0
Yes 33 (36.7) 47 (43.1) 0.77 (0.43–1.36)

History of miscarriage * n = 39 n = 52 1
No 31 79.5) 42 (80.8) 1.0
Yes 8 (20.5) 10 (19.2) 0.90 (0.32–2.55)

* Missing information.

Except for the household location, sex, and age variables, an evaluation of associated
risk was obtained with a sample size of less than 208 due to the loss of information given
by individuals (Table 1).

Dog seropositivity ranged from 57.1% in Serra do Apon (12/21; 95% CI: 36.5–75.5) to
80.0% (4/5; 95% CI: 37.6–96.4) in Limitão.

The following potentially associated risk factors for T. gondii exposure among dogs
were found not to be statistically significant: household location (p = 0.634), sex (p = 1.0),
age (p = 0.604), mobility (p = 0.950), type of food (p = 0.452), consumption of raw meat
(p = 0.981), hunting activities (p = 0.649) and consumption of treated water (p = 1.0). None
of these variables were considered appropriate for logistic regression analysis (p > 0.2)
(Table 2). Loss of information given by individuals limited calculation of associated risk
factors when o a sample lower than 100, except for household location, sex, and type of
food variables.

Table 2. Associated risk factors for anti-Toxoplasma gondii (IgG) antibodies among dogs (N = 100)
living in Brazilian quilombos.

Seropositive
n (%)

Seronegative
n (%) Univariate Analysis

Variables 63 (63.0) 37 (37.0) OR
(95% CI) p-Value

Household location n = 63 n = 37 0.634
Limitão 4 (6.4) 1 (2.7) 1.0
Mamans 13 (20.6) 5 (13.5) 0.71 (0.02–6.99)
Serra do Apon 12 (19.0) 9 (24.3) 0.37 (0.01–3.32)
Tronco 34 (54.0) 22 (59.5) 2.33 (030–66.8)
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Table 2. Cont.

Seropositive
n (%)

Seronegative
n (%) Univariate Analysis

Variables 63 (63.0) 37 (37.0) OR
(95% CI) p-Value

Sex n = 63 n = 37 1.0
Female 22 (34.9) 13 (35.1) 1.0
Male 41 (65.1) 24 (64.9) 1.01 (0.42–2.37)

Age (years) * n = 63 n = 36 0.604
<1 16 (25.4) 7 (19.4) 1.0
1 to 8 43 (68.3) 28 (77.8) 0.68 (0.23–1.83)
>8 4 (6.4) 1 (2.8) 1.59 (0.18–49.1)

Mobility * n = 52 n = 32 0.950
Not limited to peridomestic area 13 (25.0) 7 (21.9) 1.0
Limited to peridomestic area 39 (75.0) 25 (78.1) 0.85 (0.28–2.40)

Type of food n = 63 n = 37 0.452
Homemade food 16 (25.4) 14 (37.8) 1.0
Dry food 42 (66.7) 21 (56.8) 1.74 (0.71–4.29)
Both 5 (7.9) 2 (5.4) 2.07 (0.36–18.1)

Consumption of raw or undercooked meat * n = 45 n = 26 0.981
No 21 (46.7) 13 (50.0) 1.0
Yes 24 (53.3) 13 (50.0) 1.14 (0.43–3.05)

Hunting activities * n = 55 n = 32 0.649
No 40 (72.7) 21 (65.6) 1.0
Yes 15 (27.3) 11 (34.4) 0.72 (0.28–1.88)

Consumption of treated water * n = 61 n = 33 1.0
No 35 (57.4) 19 (57.6) 1.0
Yes 26 (42.6) 14 (42.4) 1.01 (0.42–2.41)

* Missing information.

4. Discussion

To the authors’ knowledge, this was the first study assessing T. gondii exposure among
quilombola individuals and their dogs. These individuals have historically lived under
conditions of high socioeconomic vulnerability, such as low family income and education
levels, difficulty in accessing potable drinking water and healthcare services [25–27], and
high levels of food insecurity [28].

The seropositivity rate among the human individuals surveyed here (44.7%) was
higher than the pooled estimated seroprevalence of 36% for the general population world-
wide, as determined through a global meta-analysis [29]. Higher T. gondii seroprevalence
was also observed in another vulnerable population in a nearby city (526/715; 73.57%),
where it was associated with high social vulnerability indicators such as illiteracy, unem-
ployment and lack of basic sanitary conditions [6]. In addition, higher seropositivity was
found among female individuals (102/194; 52.6%) in the population of a rural settlement
in the state of São Paulo with a monthly income lower than US$ 300 [30]. Contrasting
with the 0.71 human-dog seroprevalence ratio in the present study, an inverted 2.54 ratio
was found in the urban area of Londrina, a half-million people city far 270 km (168 miles)
from the quilombola communities herein [31]. In this study, 248/597 (41.54%) owners and
119/729 (16.32%) dogs were seropositive by IFAT to anti-T. gondii, indicating a 3.58-fold
higher exposure of dogs to infection in quilombola communities when compared to urban
areas of a major Brazilian city. While dog owners have shown similar seroprevalence,
differences in T. gondii seroprevalence between dogs in urban settings (16.32%) and dogs in
quilombola communities (63.0%) have indicated much higher exposure to associated risk
factors in quilombola dogs. The higher dog seropositivity herein may be related to feeding
on discarded food by the community or backyard livestock animals and drinking surface
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water contaminated with oocysts. Thus, even recognizing that hunting and wild wander-
ing on their own may have led to such infection and misreporting in the epidemiological
questionnaire, wildlife should not be singled out as the reason for high dog serology.

Toxoplasmosis has a complex epidemiology. It is transmitted through ingestion of
oocysts that were shed in the feces of definitive feline hosts and subsequently contaminated
water, soil, and crops or through consumption of cysts in raw or undercooked meat
from intermediate hosts [32], particularly game meat [33]. Logistic multiple regression
revealed that the habit of ingesting game meat was the sole risk factor for seropositivity
among quilombola human residents. Although such findings may be extrapolated on
dog exposure through dog hunting and wandering activities on wildlife, undertaken
without owner presence or knowledge, dogs could, in fact, be eating discarded food within
the community, including meat, which may not be from wildlife, and/or drinking from
surface water sources, contaminated with oocysts. As mentioned, dogs in the indigenous
communities herein were mostly free-range, similar to the community or stray dogs,
with some connection but little care from individual owners in terms of feeding and
providing water and full access throughout the community, including water sources,
garbage, and sewage.

Although such other causes should be considered, hunting activities have been re-
ported to be common among quilombola individuals, and such activities form a source of
animal protein for remote communities in Brazil [34]. In such a scenario, the present study
has corroborated with a study on hunting and ecology of mammals among quilombola
individuals in southeastern Brazil revealed that the animals hunted were mostly small
mammals such as white-lipped peccaries, coatis, armadillos, and opossums [35]. The indi-
viduals surveyed here reported that they hunted small, medium, and large wild animals,
including native capybaras and exotic invasive species such as wild boars. In studies on
T. gondii seropositivity among capybaras, although 16/26 healthy free-range capybaras
(61.5%) caught in a large nearby city, 160 km (100 miles) from the present study, were
seropositive [36], another study within the same state of Paraná found seropositivity in
only 4/21 free-range capybaras (16.1%) and 1/10 captive capybaras in a zoo (10.0%) [37].

Although also a source of T. gondii infection [38], free-range wild boars in the same
area were less exposed to T. gondii than hunters and their hunting dogs [39]. On the other
hand, captive wild boars maintained in backyard farms were more likely seropositive,
probably due to the presence of domestic cats in such more anthropized areas [39].

While a study in the state of Paraná showed seropositivity for T. gondii in 7/22 collared
peccaries (31.8%) and in 0/6 white-lipped peccaries (0%) that were kept in captivity [37],
a study conducted in Peru found that 90/101 white-lipped peccaries (89.1%) that had
contact with domestic animals were seropositive [40]. Furthermore, infective T. gondii was
isolated from black-eared opossums living in an urban area in southeastern Brazil [41].
Although occurrences of contaminated meat have mostly been irregularly distributed, with
low levels of tissue cysts, such that individuals eating infected meat may escape infec-
tion [42], the frequent hunting activities of quilombola individuals and their consumption of
raw/undercooked game meat may have contributed to higher exposure to T. gondii. Again,
further surveys should take into account other sources, such as garbage, sewers, water, and
soil, to pinpoint the role of each potential source in dog infection.

Living in rural areas, as observed here, has been correlated with T. gondii exposure
in Brazil. In another study, seropositivity (183/344; 53.2%) was associated with the con-
sumption of undercooked meat in such areas [8]. Raw or undercooked meat intake was
considered to be such a strong T. gondii risk factor that it could increase the risk 1.2–1.3-fold
and the odds of infection 1.7–3.0-fold, regardless of which animal species was consumed [8].
Likewise, given that Brazilian quilombola individuals live through subsistence livestock and
agriculture activities, their backyard pigs and poultry may be more exposed to T. gondii,
usually associated with the presence of cats and unreliable water sources [43]. Lastly, no
adequate thermal methods (freezing or heating) for the inactivation of tissue cysts were



Trop. Med. Infect. Dis. 2023, 8, 377 10 of 14

used in game meat for most sampled humans. The rudimentary animal slaughter methods
used predispose quilombola communities to the persistence and transmission of T. gondii [4].

All the remote communities surveyed here reported that untreated water sources
were used for consumption, with no statistical difference in their use between the river,
well, or spring sources. As previously shown in a review, the high frequency of T. gondii
outbreaks in Brazil was correlated with environmental contamination, particularly with
regard to water and poor hygiene, and socioeconomic conditions [42]. Moreover, other
outbreaks worldwide have been reported in small and remote communities that share
only one source of water [42]. Thus, in addition to the high seropositivity, predisposing
conditions in the remote communities surveyed here may have facilitated the occurrence of
T. gondii outbreaks.

The prevalence of IgM found here (4/208; 1.9%) was lower than the estimated sero-
prevalence (4.0%) revealed by a recent meta-analysis [44]. Anti-T. gondii IgM antibodies
have been widely used for early detection of acute toxoplasmosis, particularly among
high-risk population groups, including pregnant women (due to congenital infection) and
immunodeficient individuals (due to reactivation of latent infection and neurological im-
pairment) [29]. In Brazil, positivity for IgM antibodies was detected in 21/194 individuals
(10.8%) in a rural settlement in the southeastern region, with no associated risk factors
to explain these findings [30]. Although IgM forms part of the initial immune response,
results regarding the presence of IgM need to be carefully interpreted due to the short
lifespan of this antibody (less than 14 days) and the decreasing production of this antibody
over time [45]. Only one person in the present study showed concomitant positivity for
both IgM and IgG antibodies, which thus suggests that there was a very low occurrence
of acute T. gondii infection. Fortunately, all the pregnant women were seronegative for
IgM antibodies, despite high IgG seropositivity (23/43; 53.8%) among women within their
reproductive age range (we considered this to range from 18 to 40 years of age). This high
IgG seropositivity may indicate pregnancy risk and a need for serological follow-up during
the gestational period in order to avoid congenital transmission.

The seropositivity rate among the dogs of the present study (63.0%) was similar to
what has been found in previous Brazilian serosurveys, as observed in 150/247 dogs (54.7%)
on the island of Fernando de Noronha [46]; 48/107 dogs (43.1%) living in riverside commu-
nities in central-western Brazil [47]; 8/26 neighborhood dogs (30.7%) [48], 49/157 hunting
dogs (31.2%) [39] and 66/283 dogs (23.3%) living on islands and mainland coastal areas [49].
In this last study, conducted by our research group, the presence of anti-T. gondii antibodies
in dogs was associated with seropositivity among their owners (p = 0.008; OR = 2.81) due
to sharing of food and water intake between owners and their dogs, as reported by the
owners. A dog serosurvey conducted during one of the largest toxoplasmosis outbreaks to
date worldwide (which occurred in southern Brazil) revealed that 185/1159 dogs (16.0%)
were seropositive before the outbreak, while 466/1086 (42.9%) were seropositive after the
outbreak. This emphasized the likely similar exposure of dogs to contaminated water
sources [50]. Dogs herein had multiple exchange owners of relative families and circulated
among nearby households. Thus, as dog samples herein were not matched to tested owners
or households, analysis of owner-dog T. gondii seropositivity was not performed.

Although no associated risk factor for T. gondii infection was observed among the dogs
surveyed here, including sex, age, ownership, nutrition, ingestion of raw or undercooked
meat, hunting habit and source of water, quilombola dogs living in contact with other
domestic animals and wildlife may be more exposed to diseases, particularly through
infection from vector-borne pathogens [51]. Considering that 29/87 (33.3%) of the dogs
surveyed (87/100 obtained information regarding dogs) here were used during hunting
activities, this scenario may also favor T. gondii infection due to greater access to trails,
forests, and rivers and contact with soil. Not surprisingly, hunting activity was considered
to be a risk factor associated with T. gondii infection among dogs in Spain [52], and hunters
in Brazil have reported that they offered raw meat from wild boars to their hunting dogs
after slaughtering the animals [39]. Thus, quilombola dogs may also hunt small prey without
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their owners’ awareness, and ingestion of these birds and small rodents may represent a
potential source for T. gondii infection.

Although satisfying the minimum calculated sample size, limitations in the present
study may include the relatively low sampling, mostly due to limitations on individual
house-to-house assessment, free time of volunteers for sampling and questionnaire re-
sponse, and willingness to participate, which may have generated insufficient data to
provide the basis for a representative statistical description and analyses. In addition, data
obtained by the epidemiological questionnaires were based on personal perception at the
time of the survey, which may not reflect the true information, particularly from children,
elderly, and illiterate individuals about themselves and their dogs.

Lastly, the human-dog seropositivity ratio resulting from this One Health approach
may be used to compare human and dog exposure and associated risk factors for T. gondii
infection, as well as changes to the ratio according to different environmental settings.
Further studies should also include environmental surveys of T. gondii, including molecular
detection in samples of water, soil, and food (particularly livestock and game meat).

5. Conclusions

In summary, high seroprevalence was observed in both the human and the dog
populations in these Brazilian quilombos. Furthermore, the results from this study suggest
that consumption of game meat may play a pivotal role in the transmission of toxoplasmosis
in the human quilombola population, but dog exposure may include a series of potential
causes and should be further investigated. The information presented here should be
provided in the form of public health education in order to mitigate the risk of toxoplasmosis
among quilombola individuals and their dogs.
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