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Abstract
The objective of this study was to investigate the frequency of antibodies to Toxoplasma gondii present in wild 
mammals that were trap captured in forest fragments in the State of Bahia, northeastern Brazil. A total of 
368 individuals (246 rodents, 104 marsupials and 18 bats) were captured using live catch traps. Serum samples 
were tested using the modified agglutination test, with a cut-off point at 1:25 dilution. The total occurrence of 
antibodies to T. gondii was 10.6% (39/368), being 16.3% (17/104) in marsupials, 8.5% (21/246) in rodents, and 
5.5% (1/18) in bats. Antibody titers varied between 25 and 50 for rodents, between 25 and 400 for marsupials, 
and were 25 for bats. This is the first report on antibodies to T. gondii in certain rodent species (Thaptomys nigrita, 
Hylaeamys laticeps, and Cerradomys subflavus), marsupial species (Monodelphis americana, Gracilinanus microtarsus, 
Gracilinanus agilis and Marmosops incanus), and bats of the genus Rhynchonycteris. The presence of antibodies to 
T. gondii in wild mammals demonstrates the possibility of these animals as sentinels of toxoplasmosis, especially 
on regions under high anthropogenic effect.

Keywords: Toxoplasmosis, wild animals, serology, MAT.

Resumo
O objetivo deste trabalho foi investigar a frequência de anticorpos anti-Toxoplasma gondii presentes em mamíferos 
selvagens, capturados em fragmentos florestais do Estado da Bahia, Nordeste do Brasil. Um total de 368 indivíduos 
(246 roedores, 104 marsupiais e 18 morcegos) foram capturados, usando-se armadilhas de captura viva. Os soros 
foram testados pelo teste de aglutinação modificada, com ponto de corte na diluição de 1:25. A ocorrência total de 
anticorpos anti-T. gondii foi de 10,6% (39/368), sendo 16,3% (17/104) em marsupiais, 8,5% (21/246) em roedores e 
5,5% (1/18) em morcegos. Os títulos variaram de 25 a 50 e 25 a 400, respectivamente, para roedores e marsupiais, 
e o título máximo em morcegos foi de 25. Este é o primeiro relato de anticorpos para T. gondii em algumas espécies 
de roedores (Thaptomys nigrita, Hylaeamys laticeps e Cerradomys subflavus), em marsupiais (Monodelphis americana, 
Gracilinanus microtarsus, Gracilinanus agilis e Marmosops incanus) e em quiróptero do gênero Rhynchonycteris. A 
presença de anticorpos anti–T. gondii em mamíferos selvagens demonstra a possibilidade desses animais como 
sentinelas da toxoplasmose, principalmente em regiões com alto efeito antropogênico.
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Introduction
Atlantic Forest is one of the richest areas in terms of biodiversity and one of the most threatened areas on the 

planet, being considered a global conservation hotspot (Myers et al., 2000). Reduced to less than 8% of its original 
extension, Atlantic Forest stretches along the Brazilian coast, distributed across 17 States. Devastation of this 
biome is a result of human occupation and disordered exploitation of urban natural resources (Pinto et al., 2006). 
These environmental changes may trigger the appearance of zoonoses and emerging and reemerging diseases, 
which may lead to changes in wild animal populations, and alter the rates of parasitic infections and infestations 
(Sangioni et al., 2005; Thompson, 2013).

Wild living animals have been described as a source of parasitic diseases to humans and domestic animals 
(Thompson et al., 2010). One of these diseases is toxoplasmosis, a cosmopolitan parasitic zoonosis that can infect 
a wide variety of endothermic animals, including humans. Toxoplasmosis is caused by the protozoan Toxoplasma 
gondii, of the Sarcocystidae family of coccidia. The disease has an optional heteroxenic life cycle, with domestic 
and wild felids as the definitive hosts (Tenter et al., 2000).

Parasite dynamics are well understood in domestic animals and humans, but there is considerably less 
knowledge on the cycle in the wild. Thus, serological surveys should be carried out in order to scale the problem 
of toxoplasmosis, as the infected animals may indicate environmental contamination with oocysts (Rendón-
Franco et al., 2014). It is important to rectify the shortcomings in this knowledge since the interaction between 
wildlife and urban populations is on the increase and threatens both species conservation and public health 
(Thompson et al., 2010; Rendón-Franco et al., 2014).

Small mammals such as rodents and marsupials play an important role in the life cycle of T. gondii, being 
a possible source of infection to domestic and wild cats, besides promoting the spread of the parasite in the 
environment (Gennari et al., 2015). Studies on the eating habits of wild cats suggest that rodents comprise about 
two-thirds of the consumed prey, although this can vary according to season, rodent availability, species of felid, 
and the availability of other prey (Rendón-Franco et al., 2014).

Toxoplasma gondii naturally infects several species of marsupials and rodents, however, the frequencies of 
such infections can vary according to the region and the diagnostic technique used. Studies in Brazil have shown 
an infection rate ranging from 5.7% to 61.1% in wild rodents and from 4.7% to 63.6% in marsupials (Ferraroni 
& Marzochi, 1980; Salata et al., 1985; Yai et al., 2003; Cola et al., 2010, Costa et al., 2012; Vitaliano et al., 2014; 
Fournier  et  al., 2014; Gennari  et  al., 2015; Abreu  et  al., 2016; Horta  et  al. 2016). Research on this parasite in 
Chiroptera is even more scarce, although there are records in São Paulo (Cabral et al., 2013; 2014) showing more 
than 36.6% positives. In the State of Bahia, Jesus et al. (2017) found the presence of T. gondii DNA in 97 bat species, 
2.1% representing positive samples.

In Brazil, and especially in the State of Bahia, the study of parasitic zoonoses in wild animals is still scarce. 
Therefore, this paper aims to determine the occurrence of antibodies to T. gondii in rodents, marsupials, and bats 
captured in fragments of Atlantic Forest in the State of Bahia, Northeast Brazil.

Materials and Methods

Study area
This study covered 27 areas of Atlantic Forest distributed across ten municipalities in the State of Bahia. These 

areas were grouped by geographic proximity, and named as Serra da Jiboia, Pratigi Environmental Protection Area 
(APA in the Portuguese abbreviation), South and Far South. According to vegetation, areas were classified into two 
groups, Atlantic Forest and Cabruca agroforestry systems. Cabruca is a local term used to designate the areas 
where cocoa is grown in areas shaded by native forest (Piasentin & Saito, 2014), in this work the collection areas 
in the municipality of Ilheús. All the areas were georeferenced with the Global Positioning System (GPS) (Figure 1).

In the Serra da Jiboia (municipalities of Elísio Medrado, and Varzedo) and in the Pratigi APA (municipalities of Nilo 
Peçanha, Ituberá, Igrapiúna, and Ibirapitanga) the collections were conducted in three and nine areas, respectively. 
This region is a mountain chain with an almost north to south orientation, located in the eastern portion of the 
state of Bahia, Brazil, with around 5,500 ha still covered by two of the most typical Atlantic Forest environments, 
Dense Ombrophilous Forest and Semideciduous Seasonal Forest. The climate in the area is Tropical Semi-arid to 
Semi-humid, with a mean temperature of 23°C and mean annual rainfall of 1,200mm (Bahia, 2015).
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In Southern Bahia, municipality of Ilhéus, samples were collected in four locations of cocoa (Theobroma cacao) 
agroforestry systems (locally known as ‘Cabruca’), and six located in forest fragments of the Atlantic Forest in the 
municipality of Una. Cabruca is a traditional agroforestry system in the region, which manages crops in the shade 
of the native trees of the Atlantic Forest. Are characterized by a landscape with few remnants of native vegetation 
and open areas (pastures, annual plantations and urban areas) (Faria et al. 2006).

In the far south, collections were made in five areas with forest remnants distributed by the municipalities of 
Mascote and Belmonte. The original landscape in this region is Lowland Rain Forest (Thomas, 2003), immersed 
in shaded cocoa, rubber tree, coffee, pastures, and eucalyptus. The climate of the region is hot and humid, with 
mean annual temperature of 25ºC and mean annual rainfall between 1,200 mm and 1,800 mm, evenly distributed 
throughout the year (Mori et al., 1983).

Capture of animals
To capture the small non-volant mammals, Sherman (23 X 8 X 9 cm and 43cm x 14.5cm x 12.5cm) and Tomahawk 

(32 x 15 x 15cm, 50 X 17 X 17 cm, and 51 x 21 x 21cm) live traps were used, in the same proportion both on the 
ground and in the understory, with 36 traps of each type per area. Furthermore, pitfall trap lines were added, 
consisting of 60L plastic buckets, buried with the rim at ground level. Each line was composed of seven buckets 
placed 10 m apart and connected by a guiding fence about 50cm in height, totaling 21 pitfall traps per area.

The Sherman and Tomahawk live traps were baited with a mixture of cornmeal, banana, oatmeal, peanut butter, 
and cod liver oil, or with pieces of banana and bacon. All traps were monitored daily.

The bats in each area of Serra da Jiboia and Pratigi APA were sampled with a variable number of mist nets of 9 
or 12m in length and three meters high, with a mesh of 20mm. At least five nets were used, but in some areas ten 
nets were mounted if the local conditions were favorable. The total sampling effort (Straube & Bianconi, 2002) in 
Serra da Jiboia was 21,581m2 of mist net-hour and in Pratigi APA 20,448m2 of mist net-hour.

Figure 1. Wild mammal capture sites for Toxoplasma gondii antibody research study in municipalities in the state of Bahia, Brazil.
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The nets were mounted next to watercourses, within the forest fragments or at their edges. The nests were 
opened in the evening, at around 6 p.m., and closed at 10 p.m., if the weather permitted sampling throughout the 
entire interval. The occurrence of captured individuals was checked every 20 minutes. A few bats were captured 
with dip nets in natural (caves, for example) or artificial shelters (such as human edifications near the forest).

To capture the small mammals in areas of the Serra da Jiboia and the Pratigi APA, 15 capture sessions were 
held between August 2013 and March 2017, each lasting for a period of at least seven consecutive days, resulting 
in an effort of 54,474 capture traps, distributed as follows: Serra da Jiboia: 37,758 traps (Sherman and Tomahawk) 
and 3,164 buckets; Pratigi APA: 13,552 traps (Sherman and Tomahawk).

For the areas of Ilhéus, Una, Mascote, and Belmonte, there were three capture sessions between June and 
December 2015-2016, each period consisting of 10 consecutive nights, totaling 13,950 capture traps (5,400 Sherman, 
5,400 Tomahawk and 3,150 pitfall traps), throughout the study period.

The captured individuals were measured and weighed for identification (mainly using Reis et al. 2013; 2014), 
with record of sex and age group, defined according to dental eruptions of upper molars (Graipel et al., 2006; 
Bergallo, 1995) as young and adults. Normally, a token couple was collected for most of the species and deposited 
in the Collection of Mammals at the Museum of Zoology of the State University of Feira de Santana (under the 
code MZFS DM).

Collection of biological material

The procedures for collecting the specimens were carried out following the ethical principles of the Brazilian 
College of Animal Experimentation and the Federal Council of Veterinary Medicine (CFMV, 2012), with system 
authorizations and federal agencies authorization (SISBIO), under numbers 17131-4, 43948-1 and 41440-1, and 
according to the principles of the Board of Ethics in Animal Use of the State University of Santa Cruz (No 003/2013) 
and the State University of Feira de Santana (No 39/2017) - CEUA. The samples were collected from the animals 
deposited in the Alexandre Rodrigues Ferreira Mammalian Collection of the State University of Santa Cruz (CMARF-
UESC) and in the Collection of Mammals of the Museum of Zoology of the State University of Feira de Santana 
(MZFS DM). Collections carried out between 2008 and 2013, specifically from Serra da Jibóia and the Pratigi APA, 
refer to mammalian samples taken by the Museum of Zoology, whose samples were deposited in the Mammal 
Collection. Access to these samples was authorized by the Museum Mammal Division (Consent of July 8, 2016), 
endorsed by CEUA Official Letter 39/2017.

Blood samples were obtained through cardiac puncture at the time of measuring the biometrics of the 
animals. The blood samples were centrifuged, and the sera obtained were aliquoted into 1.5 ml tubes and stored 
at −4°C. Euthanasia was performed through intramuscular administration of ketamine hydrochloride (30 mg/kg) 
associated with xylazine hydrochloride (2 mg/kg), according to Cubas et al. (2006). There was also collection of 
organs and tissues with the objective of compiling scientific collections and serving as material for future research. 
Later, the animals were identified as to species, sex and age (Bonvicino et al., 2008).

Serological diagnosis

For the presence of antibodies against T. gondii the Modified Agglutination Test (MAT) was used, using formalin 
inactivated tachyzoites and 2-mercaptoethanol as described by Dubey & Desmonts (1987). The cut-off point used 
was 1:25 and the positive samples were end titrated using 2-fold serial dilutions (Gennari et al., 2015).

Statistical Analysis

Absolute and relative frequency of serological results were calculated according order of mammals, sex and age 
group, as by collection areas, with respective 95% confidence interval for relative frequency. Pearson Chi-square 
test or Fisher Exact Test were performed to assigned independency of serological results and order of mammals, 
sex and age group, with calculation of odds ratio and respective 95% confidence interval when appropriate using 
Epi Info™ 7.2.0.1 software (CDC, 2002). All statistical were calculated to a significance level of 5%
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Results
Samples were obtained from 368 animals, these being 246 rodents (66.8%) of 26 distinct species, 104 marsupials 

(28.2%) of 12 species and 18 Chiroptera (4.8%) of 12 species. The total frequency of anti-T. gondii antibodies 
found was 10.6% (39/368; CI95%: 7.86 -14.16). In rodents this value was 8.5% (21/246; CI95%: 5.67 – 12.71), in 
marsupials 16.3% (17/104; CI 95%: 10.48 – 24.19), and in bats 5.5% (1/18; CI95%: 1.30 – 26.06), with no differences 
when the comparison of positive frequencies was performed considering all orders (Table 1). However, when 
considering the orders Rodentia and Didelmorphia, there was a significant difference with p = 0.0377 by Fisher’s 
Exact Test and OR=2.0936 (CI95%: 1.0547-4.1560).

For the variables age group and sex, there was no difference in the frequency of positivity to serology, either in 
rodents or marsupials (p >0.05). For rodents there was a significant association between the serological result and 
the place of capture (p <0.01), positives being 6.27 times most likely to happen among animals caught in the Cabruca 
areas (Table 2). Statistics were not calculated for the Chiroptera due to the low number of positive samples (n = 1).

Among the rodents, six species were seropositive: Akodon cursor, Cerradomys subflavus, Hylaeamys laticeps, 
Oligoryzomys nigripes, Rattus rattus, Thaptomys nigrita, and Trinomys setosus. Six species of marsupials were 
also seropositive: Didelphis aurita, Gracilinanus microtarsus, G. agilis, Marmosa murina, Marmosops incanus, and 
Monodelphis americana. Among the Chiroptera, Rhynchonycteris spp. was the only seropositive result. Antibody 
titers varied between 25 and 50 for rodents (Table 3), between 25 and 400 for marsupials (Table 4) and were 25 for 
bats (Table 5), with titer 25 being the most frequent in all species (47.37% of all positive samples).

In relation to origin, 257 (70.0%) small mammals were captured in forest fragments and 110 (29.9%) in 
agroforestry cocoa systems (Cabruca). Rodents, marsupials, and bats were caught in 25, 26 and 4 of the 27 studied 
areas, respectively. Seropositive animals were found in 51.8% (14/27) of the capture sites (Table  3,  4  and  5). 
For rodents and marsupials, seropositive animals were found more frequently in collection areas in the South and 
Far South, with a higher frequency of positives for animals collected in the Cabruca area (municipality of Ilhéus). 
The only seropositive bat was captured in the Serra da Jibóia area, municipality of Varzedo.

Table 1. Relative frequency (%), absolute frequency (Pos/Total) and confidence interval 95% (CI95%) of wild mammals positive 
for the presence of anti-Toxoplasma gondii antibodies in fragments of Atlantic Forest of the state of Bahia, according to the order 
by the exact test of Fisher.

Order % (Positive/Total) CI95% P-Value

Rodentia 8.54 (21/246) 5.67 – 12.71

0.0886Didelmorphia 16.35 (17/104) 10.48 – 24.19

Quiroptera 5.56 (1/18) 1.30 - 26.03

Table 2. Relative frequency (%), absolute frequency (Pos/Total) and confidence interval 95% (CI95%) of rodents and marsupials 
positive for the presence of anti-Toxoplasma gondii antibodies in fragments of Atlantic Forest of Bahia state, second sex, age 
group and place of capture by the Chi Square Test.

Variables
Rodents Marsupials

% (Pos/Total) CI 95% P Value % (Pos/Total) CI 95% P Value

Sex

Male 10.46 (16/153) 6.56 - 16.32 0.30 17.86 (10/56) 10.05 – 29.90 0.53

Female 5.68 (5/88) 2.51 - 12.62 11.36 (5/44) 5.05 – 24.05

Age group

Adult 8.33 (15/180) 5.14 - 13.30 0.67 17.19 (11/64) 9.92 – 28.26 0.60

Young 11.76 (6/51) 5.59 – 23.44 11.11 (4/36) 4.54 – 25.42

Areas

Cabruca 17.39 (16/92) 11.02 - 26.43 <0.01* 27.78 (5/18) 12.57 - 51.20 0.17

Atlantic Forest 3.25 (5/154) 1.43 – 7.37 13.95 (12/86) 8.20 – 22.85

*OR = 6.27 (95%CI: 2.21-17.77). The sum is less than the number of samples as some animals have not been registered regarding sex and age.
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Table 3. Absolute frequency (N) of animals examined, and absolute frequency (P) and relative frequency (%) of wild mammals 
positive for the presence of anti-Toxoplasma gondii antibodies in Modified agglutination test (MAT) in fragments of Atlantic Forest 
of Bahia State, according to Orders, Species and collection points.

Species

Serra da 
Jiboia Pratigi APA South Far South

N P % MAT 
titulation

El
is

io
 M

ed
ra

do

Va
rz

ed
o

N
ilo

 P
eç

an
ha

Ib
ir

ap
it

an
ga

Ig
ra

pi
un

a

It
ub

er
a

Ilh
éu

s*

U
na

M
as

co
te

Be
lm

on
te

Akodon cursor 
(Winge. 1887)

- - - - 0/20 - 1/11 0/1 0/1 33 1 3.03 25 (1)

Akodon sp. - - - - 0/3 - - - - 3 0 0.00 -

Blarinomys 
breviceps (Winge. 

1887)

- - - - - - - 0/1 - - 1 0 0.00 -

Calomys sp. - - - - - - - - 0/2 2 0 0.00 -

Cerradomys sp. - - - - 0/1 - - - - - 1 0 0.00 -

Cerradomys 
subflavus (Wagner. 

1842)

- - - - - - 1/3 - 0/1 - 4 1 25.00 25 (1)

Cerradomys vivoi 
(Percequillo. 

Hingst-Zaher. 
Bonvicino. 2008)

- - - - 0/2 - - - - - 2 0 0.00 -

cf. Cerradomys 0/1 - - - - - - - - - 1 0 0.00 -

cf. Hylaeamys - - - - 0/1 - - - - - 1 0 0.00 -

cf. Rhipidomys 0/1 - - - - - - - - - 1 0 0.00 -

Euryoryzomys 
russatus (Wagner. 

1848)

0/1 - - - 0/1 - - - - - 2 0 0.00 -

Euryoryzomys sp. - - - - - - 0/2 - - 0/1 3 0 0.00 -

Guerlinguetus sp. - - - - - - - - - 0/2 2 0 0.00 -

Hylaeamys laticeps 
(Lund. 1840)

- - - - 0/7 - 12/47 0/45 0/1 0/26 126 12 9.52 25 (10). 50 (2)

Necromys lasiurus 
(Lund. 1841)

- - - - 0/1 - 0/1 0/1 0/1 - 4 0 0.00 -

Nectomys 
squamipes (Brants. 

1827)

- - - - 0/3 - 0/4 - - - 7 0 0.00 -

Oecomys 
catherinae 

Thomas. 1909

- - - - 0/1 - - 0/2 - 0/1 4 0 0.00 -

Oligoryzomys 
nigripes (Olfers. 

1818)

- - - - - - 1/6 0/3 1/1 - 10 2 20.00 25 (2)

Oxymycterus 
dasytrichus 

(Schinz. 1821)

- - - - 0/4 - - - - - 4 0 0.00 -

Oxymycterus sp. - - - - 0/1 - - - - - 1 0 0.00 -

* Collection points in Ilheus Municipality correspond to Cabruca areas.
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Table 3. Continued...

Species

Serra da 
Jiboia Pratigi APA South Far South

N P % MAT 
titulation

El
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U
na

M
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Rattus rattus 
(Linnaeus. 1758)

- - - - - - 1/1 - - - 1 1 100.00 -

Rhipidomys 
mastacalis (lund. 

1840)

- - - - - - 0/14 0/3 0/1 0/2 20 0 0.00 -

Thaptomys nigrita 
(Lichtenstein. 

1829)

- - - - - - 0/2 1/4 - 2/3 9 3 33,33 25 (3)

Thrichomys sp - - - - - - 0/1 - - - 1 0 0,00 -

Trinomys cf. T. 
setosus

0/1 - - - - - - - - - 1 0 0,00 -

Trinomys setosus 
(Desmarest. 1817)

- 1/2 - - - - - - - - 2 1 50,00

TOTAL 0.00 
(0/4)

50.00 
(1/2)

- - 0.00 
(0/45)

- 17.39 
(16/92)

1.69 
(1/59)

12.50 
(1/8)

5.56 
(2/36)

246 21 8,54

* Collection points in Ilheus Municipality correspond to Cabruca areas.

Table 4. Absolute frequency (N) of animals examined, and absolute frequency (P) and relative frequency (%) of Didelmorphia 
positive for the presence of anti-Toxoplasma gondii antibodies in Modified Agglutination Test (MAT) in fragments of Atlantic 
Forest of Bahia State, according to Species and collection points.

Species

Serra da 
Jiboia Pratigi APA South Far South

N P % MAT 
titulation

El
is

io
 M

ed
ra

do

Va
rz

ed
o

N
ilo

 P
eç

an
ha

Ib
ir
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it
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a

Ilh
éu

s*

U
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M
as

co
te

Be
lm

on
te

Didelphis aurita 
(Wied-Neuwied. 

1826)

1/1 - - - 1/3 - 0/2 0/4 0/1 - 11 2 18.18 25 (2)

Gracilinanus 
microtarsus 

(Wagner. 1842)

- 0/1 - - - - 1/1 - - - 1 1 100.00 400 (1)

Gracilinanus 
agilis 

(Burmeister. 
1854)

- - - - - - - - 1/3 2/2 5 3 60.00 25 (2). 400 (1)

Gracilinanus cf. 
G. microtarsus

- - - - - - - - - - 1 0 0.00 -

Marmosa 
demerarae 

(Thomas. 1905)

- - - - - - - 0/9 - - 9 0 0.00 -

Marmosa murina 
(Linnaeus. 1758)

1/1 - - - 0/4 - 4/10 0/19 0/4 1/6 44 6 13.64 25 (3). 100 (2) 
200 (1)

*Collection points in Ilheus Municipality correspond to Cabruca areas.
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Species
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Marmosops 
incanus (Lund. 

1840)

- - - - 1/8 0/1 0/2 - 1/3 - 14 2 14.29 25 (2)

Marmosops sp - - - - - - - - 0/1 0/1 2 0 0.00

Metachirus 
nudicaudatus 

(Geoffroy. 
1803)

- - 0/1 - 0/2 - - - - - 3 0 0.00 -

Micoureus 
paraguayanus 
(Tate. 1931)

0/1 - - 0/1 0/1 - - - - - 3 0 0.00 -

Monodelphis 
americana 

(Müller. 1776)

- - - 1/3 - 0/3 1/3 - 0/1 10 3 30.00 25 (3)

Monodelphis sp. - - - - - - - - - - 1 0 0.00 -

TOTAL 66.67 
(2/3)

0.00 
(0/1)

0.00 
(0/1)

0.00 
(0/1)

14.29 
(3/21)

0.00 
(0/1)

27.78 
(5/18)

2.86 
(1/35)

16.67 
(2/12)

36,36 
(4/11)

104 17 16.35

*Collection points in Ilheus Municipality correspond to Cabruca areas.

Table 5. Absolute frequency (N) of animals examined, and absolute frequency (P) and relative frequency (%) of Quiroptera 
positive for the presence of anti-Toxoplasma gondii antibodies in Modified Agglutination Test (MAT) in fragments of Atlantic 
Forest of Bahia State, according to Species and collection points.

Species

Serra da 
Jiboia Pratigi APA South Far South

N P % MAT 
titulation
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U
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M
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Anoura geoffroyi 
(Geoffroy. 1838)

- 0/1 - - - - - - - - 1 0 0.00 -

Artibeus lituratus 
(Olfers. 1818)

- 0/3 - - - - - - - - 3 0 0.00 -

Carollia perspicillata 
(Linnaeus. 1758)

- 0/2 - - - - - - - - 2 0 0.00 -

cf. Myotis - 0/1 - - - - - - - - 1 0 0.00 -

Dermanura cinerea 
(gervais. 1856)

- 0/1 - - - - - - - - 1 0 0.00 -

Desmodus rotundus 
(Geoffroy. 1810)

- 0/2 - - - - - - - - 2 0 0.00 -

Glossophaga 
soricina (Pallas. 

1766)

- - - - 0/1 - - - - - 1 0 0.00 -

*Collection points in Ilheus Municipality correspond to Cabruca areas.

Table 4. Continued...
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Discussion
In this study, the results show a greater occurrence of anti-T. gondii antibodies in marsupials (16.5%; CI95%: 

10.59 – 24.88) than in rodents (8.5%; CI95%: 5.67 – 12.71) and bats (5.5%; CI95%: 1.30 – 26.03), with a significant 
difference between marsupials and rodents (p = 0.0377). Gennari et al. (2015), using the same diagnostic technique 
and cut-off point adopted in this study, in areas of Atlantic Forest in municipalities in the state of São Paulo-SP, did 
not find differences in antibody rates between the studied orders.

The higher frequency of seropositive marsupials in this study can be explained by the different habits of the 
animals, the habitat, the sample size, the serological test that was used, the cutoff point or the presence of the 
definitive hosts (Tenter et al., 2000; Siqueira et al., 2013). According to Ferraroni & Marzochi (1980), a greater 
prevalence of infection in marsupials may be related to dietary habits that facilitate infection through food ingestion, 
since the captured animals have a predominantly omnivorous diet (Paglia et al., 2012).

This is the first report of anti-T. gondii antibodies in T. nigrita, H. laticeps, and C. subflavus rodents, in M. americana, 
G. microtarsus, G. agilis, and M. incanus marsupials, and in bats of the genus Rhynchonycteris. Perhaps these species 
had never been tested for anti-T. gondii antibodies, except for the rodent C. subflavus, which had already been 
investigated using MAT, albeit with a negative result (Siqueira et al., 2013).

All positive rodents are terrestrial species, which inhabit forest and vegetable formations (Bonvicino et al., 
2008). Terrestrial mammals are significantly more exposed to T. gondii than scansorial or arboreal species, so this 
habitat may contribute to the increased likelihood of infection with oocysts of T. gondii present in the soil or in 
contaminated water. As such, in the wild, the vertical use of space probably reduces the risk of infection by T. gondii 
(de Thoisy et al., 2003).

The serological results of the Thrichomys sp. species were negative, however, studies carried out in the Atlantic 
Forest of northeast and southeastern Brazil have reported the presence of anti-T. gondii antibodies in species of 
this genus, with titration varying between 25 and 6400 (Gennari et al., 2015; Siqueira et al., 2013). In the present 
study, the negative result in these species may be related to the low number of animals analyzed when compared 
to the mentioned studies, in which the number of individuals tested was greater than 100.

The rodent Oligoryzomys nigripes was first described as seropositive for T. gondii in a study conducted by 
Gennari et al. (2015) in southeastern Brazil. In this study the seroprevalence in this species reached 20% (2/10). These 
animals are generalist species, being found within forests and open vegetation formations with great adaptability 

Species

Serra da 
Jiboia Pratigi APA South Far South

N P % MAT 
titulation
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Phylloderma 
stenops (Peters. 

1875)

- - - - 0/1 - - - - - 1 0 0.00 -

Platyrrhinus 
lineatus (Geoffroy. 

1810)

- 0/2 - - - - - - - - 2 0 0.00 -

Rhynchonycteris sp. - 1/2 - - - - - - - - 2 1 50.00 25 (1)

Sturnira lilium 
(Geoffroy. 1810)

- 0/1 - - - - - - - - 1 0 0.00 -

Sturnira tildae (de 
la Torre. 1959)

- 0/1 - - - - - - - - 1 0 0.00 -

TOTAL - 6.25 
(1/16)

- - 0.00 
(0/2)

- - - - - 18 1 5.56

*Collection points in Ilheus Municipality correspond to Cabruca areas.

Table 5. Continued...
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to anthropic environments, including agricultural areas (Bonvicino et al., 2008). This characteristic explains the 
fact that 60% (6/10) of the individuals captured from O. nigripes occurred in areas of Cabruca. This adaptation to 
areas close to human habitation and domestic animals (Püttker et al., 2008) makes this species important in the 
epidemiology of T. gondii, as it can serve as a source of infection for domestic and feral cats.

The seroprevalence of T. gondii in marsupials of the genus Marmosa (“cuícas”) varied between 0% (0/9) in Marmosa 
demerarae and 13.95% (6/43) in Marmosa murina. In Brazil, the presence of anti-T. gondii antibodies in these species 
has already been described in research using MAT by Siqueira et al. (2013) that found a lower occurrence of T. gondii 
antibodies in Marmosa murina and Marmosa demerarae, with 2.3% (1/43) positive animals in both species.

This study describes the first report of anti-T. gondii antibodies in Monodelphis americana with 33.33% (3/9) 
positive animals. However, previous studies detected anti-T. gondii antibodies in specimens of the same genus, 
Monodelphis domestica, which presented a frequency of infection between 10 (1/10) and 25% (1/4), in studies carried 
out in the states of Pernambuco and Rio Grande do Norte, respectively (Fournier et al., 2014; Siqueira et al., 2013).

Opossum (Didelphis aurita) presented 18.1% (2/11) positive serology for T. gondii. This genus is commonly 
reported as reagent in research involving small wild mammals (Salata et al., 1985; Yai et al. 2003; Fornazari et al., 
2011; Vitaliano et al., 2014; Gennari et al., 2015). Marsupials of the genus Didelphis have a mostly synanthropic 
habitat with great adaptive efficiency to various types of habitats, including large urban centers (Bonvicino et al., 
2008; Abreu, 2013). The proximity to human populations promotes hunting of these animals for meat consumption 
and even for medicinal use (Azevedo & Barros, 2014), making these animals potential transmitters of toxoplasmosis 
and other zoonoses such as leishmaniasis and rabies (Santiago et al., 2007).

The genus of serology positive Chiroptera is represented by a species with insectivorous food habit, which, 
according to Graczyk et al. (2005) may pose an infection risk to these animals, as insects can house viable oocysts 
in their gastrointestinal tract.

A possible explanation for the low antibody titration may be the fact that the animals were captured at the 
initial stage of infection, before the production of IgG, detectable by the technique used. The MAT detects only IgG 
antibodies; therefore, it may give false negative results during early stages of acute infection (Dubey, 2010). This 
possibility should be taken into consideration when using serological techniques, because magnitude of the response 
varies according to the strain and stage of T. gondii inoculated (Dubey & Frenkel, 1998; Caldart et al., 2017). However, 
MAT has shown superior sensitivity when compared to other serological tests such as the latex agglutination test 
(LAT), the indirect hemagglutination test (IHAT), the enzyme linked immunosorbent assay (ELISA), and the indirect 
fluorescent antibody test (IFAT) (Dubey et al., 1995; Mainar-Jaime & Barberán, 2007; Shaapan et al., 2008). Besides 
the high sensitivity, the possibility of presenting nonspecific reactions is low. In a study by Dubey (1997), serum 
samples from T. gondii-negative pigs were infected with protozoa, helminths, and viruses and evaluated for the 
cross reaction of anti-T gondii antibodies using MAT, and no evidence of cross reacting with other organisms was 
found. The areas of Cabruca presented greater prevalence of positive Rodents than the forest fragments (p = 1), 
being places with greater anthropic pressure, more intense environmental degradation and lower biodiversity 
enabling a close relationship of the wild animals with humans, and domestic animals (Paglia et al., 2012). This 
interaction can cause increased competition for natural and anthropogenic environments, in addition to resulting 
in the transmission of diseases from one group to the other (Ogrzewalska et al., 2011).

In the studied region there are species of wild cats, Leopardus pardalis, Leopardus wiedii, Panthera onca and 
Puma concolor (Moura, 2003), that might play role in the zoonotic cycle of T. gondii being the define host. However, 
no studies on the occurrence of antibodies to T. gondii in wild felids in Bahia is available.

Studies of toxoplasmosis in the wild environment enables the production of knowledge related to the epidemiology 
of toxoplasmosis in different environments. However, difficulties in obtaining samples and insufficient knowledge 
of the biology, ecology, and ethology of the potential reservoirs limit such investigations (de Thoisy et al., 2003).

Although research indicates that wild animals are often positive in serological tests for T. gondii, the role of these 
species in the epidemiological cycle of the disease is not well known (Dubey, 2010). As such, the study of parasites 
that can be transmitted by wild mammals is necessary to identify the possible risks to the human population and, 
consequently, to enable the adoption of control and prevention measures, in regard to the importance of T. gondii 
for One Health approaches.

Conclusion
Results indicate the presence of antibodies to T. gondii in the wild animals, with the mammals playing a role 

in the epidemiological cycle of toxoplasmosis, and possibly being responsible for transmission of the parasite to 
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its definitive host and, thus, enabling parasite maintenance in the environment, especially on regions under high 
anthropogenic effect.
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