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Abstract

Toxoplasmosis stands out as a global disease that has felines as definitive hosts. In the municipality of Natal, Rio 
Grande do Norte State, Brazil, two parks are notable for their ecological and social importance. This study aimed 
to investigate the presence of Toxoplasma gondii in short hair cats, bats and small non-volant mammals in these two 
ecological reserves. Altogether, biological samples were obtained from 154 mammals, 92 wild animals from both areas 
and 62 domestic cats of the Parque da Cidade. In total, 22 (53.7%) non-volant wild mammals, 11 (21.5%) bats and 
28 (52.8%) cats were positive for IgG anti-T. gondii antibodies using the Modified Agglutination Test (≥ 25). It was 
possible to detect the presence of T. gondii DNA, by means of a molecular amplification of a B1 gene fragment (155bp), 
in 92 tissue samples from wild animals, including Didelphis albiventris, Monodelphis domestica, Artibeus lituratus, 
Carollia perspicillata and Glossophaga soricina. Of the 62 cats examined by the same molecular method, T. gondii DNA 
could be detected in 4 cats. In this study, it was observed the circulation of T. gondii in wild species and domestic cats, 
demonstrating the involvement of wild and domestic animals in the cycle of T. gondii.

Keywords: Toxoplasma gondii, wild mammals, feral cats, Natal City, Brazil.

Resumo

Toxoplasmose destaca-se como uma doença global que tem felinos como hospedeiros definitivos. No município 
de Natal, Rio Grande do Norte, Brasil, dois parques são notáveis por sua importância ecológica e social. Este estudo 
teve como objetivo investigar a presença de Toxoplasma gondii em gatos de rua, morcegos e pequenos mamíferos 
não-voadores nestas duas reservas ecológicas. No total, as amostras biológicas foram obtidas de 154 mamíferos, 92 
animais selvagens de ambas as áreas e 62 gatos domésticos do Parque da Cidade. No total, 22 (53,7%) mamíferos 
silvestres não-voadores, 11 (21,5%) morcegos e 28 (52,8%) gatos foram positivos para IgG anti-T. gondii utilizando 
o Teste de Aglutinação Modificado (≥ 25). Foi possível detectar a presença de DNA de T. gondii, por meio de uma 
amplificação molecular de um fragmento do gene B1 (155bp), em 92 amostras de tecido de animais selvagens, 
incluindo Didelphis albiventris, Monodelphis domestica, Artibeus lituratus, Carollia perspicillata e Glossophaga soricina. 
Dos 62 gatos examinadas pelo mesmo método molecular, DNA de T. gondii pode ser detectado em quatro gatos. Neste 
estudo, observou-se a circulação de T. gondii em espécies selvagens e gatos domésticos, demonstrando o envolvimento 
de animais domésticos e selvagens no ciclo de T. gondii.
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Introduction

The etiological agent of toxoplasmosis, Toxoplasma gondii, 
has emerged as one of the most successful parasites. T. gondii is 
an intracellular protozoan of the Sarcocystidae family of wide 
prevalence in humans and infect a great diversity of mammals and 
birds from all regions of the world (DUBEY, 2010; MONTOYA 
& LIESENFELD, 2004; REMINGTON et al., 2006).

The exact number of people who carry this parasite around 
the world is not known, but estimates for European countries 
show that this figure may represent up to a third of the world 
population (MONTOYA & LIESENFELD, 2004). Healthy and 
infected individuals can become immunocompromised during life 
and the disease may become important with clinical signs, even 
causing death (DUBEY, 2008). In this context, strategies focused 
on prevention against infection with T. gondii in urban centers 
are important and should be considered in the management of 
public policies.

In Brazil, urban growth has caused the degradation of 
forested areas for the creation of cities since the colonial period 
and, in many regions, small islands of vegetation within major 
urban centers remained preserved, creating a differentiated cycle 
for T. gondii, with the presence of domestic and wild hosts in 
abundance (DUBEY  et  al., 2003; LEHMANN  et  al., 2003; 
SILVA  et  al., 2010; VITALIANO  et  al., 2010). These forest 
fragments dramatically suffer the effect of unplanned urbanization, 
including the introduction of domestic species into the wild 
ecosystem (SALGADO et al., 2007). This intimate relationship 
leads to the emergence of diseases for several species of animals and 
humans, as well as causing ecological imbalance due to predation 
and disappearance of some wild species (DUBEY et al., 2003; 
LEHMANN et al., 2003; SILVA et al., 2010).

Located in the extreme northeast of Brazil, the state of Rio 
Grande do Norte occupies an area of 52,796,791 km2 with large 
forested areas. In the capital, Natal, two forest fragments stand 
out in terms of size and importance. The first, a state park called 
Parque Estadual das Dunas de Natal, is the largest forest fragment 
in the municipality, with an area of 1,172 hectares of native forest 
on dunes, located in the coastal region of the city (FREIRE, 
1990; CARVALHO, 2001), and forming an integral part of the 
Atlantic Rainforest Biosphere Reserve. The second fragment of 
importance is a municipal park called Parque da Cidade, which 
is situated within the capital and covers an area of 64 hectares of 
native forest on dunes, and it contains the last clean aquifer of 
Natal. However, there have been reports of domestic cats, the main 
definitive host of T. gondii, being abandoned in these two areas 
in recent years. None of the measures taken by the municipality 
was effective in reducing the population of these animals, which 
has been gradually growing.

The aim of this study was to investigate the presence of 
T. gondii in short hair cats and small wild mammals that live in 
this region, using serological, molecular and the mouse-bioassay 
techniques.

Materials and Methods

Study area

Two forest fragments were selected – Parque Estadual das 
Dunas de Natal and Parque da Cidade – both located in the 
Atlantic Rainforest Biome. The Parque das Dunas (5°49’41”S and 
35°11’25”W) covers 1,172 hectares of forest and is characterized 
by the predominance of species peculiar to Coastal Tablelands, 
Atlantic Forest and also Caatinga (FREIRE, 1990).The Parque 
da Cidade (5°50’45”S and 35°14’0”W) covers approximately 64 
acres and features more undergrowth with vegetation types typical 
of Caatinga (RAMALHO & PIMENTA, 2010).

Collection of biological samples and sterilization of cats

A seven-day campaign was conducted in February 2013 to 
capture short hair cats and collect biological samples. The animals 
were captured manually and underwent surgical sterilization after 
clinical evaluation. These cats were divided into two age groups: 
young (animals with primary dentition) and adult (animals 
with permanent dentition). The male reproductive organs were 
stored in 100% ethanol and those of the females were kept at a 
temperature of 4°C and sent to the Department of Preventive 
Veterinary Medicine and Animal Health (VPS) of the Faculty of 
Veterinary Medicine, USP, São Paulo, SP, for mouse bioassay and 
molecular tests. Cats that died during the collection period or 
were found dead in the park areas had their tissues (heart, brain, 
intestine, liver, spleen, lung, tongue, testis, uterus and fetus) 
removed and also sent for molecular testing and bioassay. At the 
end, the cats that underwent sterilization surgery were identified 
and passed on for adoption or released at the same place of capture.

Capture of small terrestrial and flying mammals

Two field campaigns for the capture of wild animals were 
conducted: one during the dry season (October 2012) and the 
other during the rainy season (February 2013). The animals 
selected for this study included groups of small wild mammals and 
bats. When necessary, the wild animals caught were anesthetized 
(xylazine, mean dose 5mg/kg and ketamine, mean dose 50mg/kg) 
for the collection of blood, which was done by cardiac puncture 
from the tail vein or the cephalic vein. Three animals of each 
species were euthanized, and then fragments of the lungs, kidneys, 
spleen, liver, heart, tongue and brain were collected for molecular 
analyses and bioassays in mice. The skins of the euthanized wild 
animals were given to the Museum of Natural History at the 
Pontifical Catholic University of Minas Gerais after identification 
of the species.

The licenses for catching wild animals and the euthanasia 
of three specimens per species were granted by the Biodiversity 
Authorization and Information System (SISBio), under number 
32104-2, of the Institute of Sustainable Development and the 
Environment of Rio Grande do Norte (IDEMA–RN) and by the 
Ethics Committee on Animal Use of the Institute of Biomedical 
Sciences, USP, protocol number 204.
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Investigation of IgG anti-T. gondii antibodies

The sera obtained were examined by the modified agglutination 
test – MAT (DESMONTS & REMINGTON, 1980; DUBEY 
& DESMONTS, 1987). Animals with titers greater than or 
equal to 25 were considered positive (FORNAZARI et al., 2009; 
SILVA et al., 2001). Positive samples were diluted in base 2 to 
obtain the final titer. In all reactions, previously known positive 
and negative controls and antigen controls were used.

Molecular tests

DNA extraction from tissues was performed according to 
the protocol established by Kit Wizard SV Genomic DNA 
Purification® (Promega, Fitchburg, Wisconsin, USA). The samples 
were tested by a nested PCR (nPCR) for the B1 gene (BURG et al., 
1989). For the first round of PCR amplification, 10 μM of external 
primers T1 (5’-AGCGTCTCTCTTCAAGCAGCGTA-3’) 
and T2 (5’-TCCGCAGCGACTTCTATCTCTGT-3’) 
were  used,  and 10 μM of  interna l  pr imers  T3 
(5’-TGGGAATGAAAGAGACGCTAAT GTG-3’) and T4 
(5’-TTAAAGCGTTCGTGGTCAACTATCG-3’) were used 
for the nPCR reaction (155bp) using the protocol described by 
Yai  et  al. (2003). In this reaction, 14.1 µL of ultrapure water 
were used for each sample, with 2.5 µL of reaction buffer (50 
mM KCl, 10 mM Tris-HCl, pH 9.0), 4.0 µL of dNTP mixture 
– dATP, dTTP, dCTP and dGTP (1.25 mM), 1.25ml of each 
primer (10 µM), 0.75 µL MgCl2 (50 mM), 0.15µL of Taq DNA 
polymerase (5 U/µL) Platinum® (Invitrogen, Carlsbad, CA, USA) 
and 1.0 µL of extracted DNA sample. The same quantities of 
the reagent mixture were used with the addition of 1.0 µL of 
the product amplified in the PCR were used for the nPCR. PCR 
was performed with 25 cycles at 94°C for 45 seconds, 55°C for 
1 minute and 72°C for 1.5 minutes, and nPCR was performed 
with 35 cycles at 94°C for 45 seconds, 55°C for 1 minute and 
72°C for 1.5 minutes. The reactions were preceded by an initial 
denaturation step at 94°C for 3 minutes and a final extension 
at 72°C for 10 minutes. All reactions were developed on 2.0% 
agarose gel stained with SYBR Safe® (Molecular Probes, Portland, 
Oregon, USA) and viewed under UV light.

Bioassay in mice

Specimens of Didelphimorphia, Rodentia and Chiroptera were 
euthanized for bioassay in mice. The uteri of the domestic cats 
that underwent sterilization surgery were also used in the bioassay. 
Each bioassay was conducted for only one animal, giving a total of 
116 bioassays. Samples were processed according to a previously 
described protocol (DUBEY, 1998). Briefly, the tissues of animals 
were homogenized in a mortar and pestle with 5 volumes (w/v) of 
aqueous 0.85% NaCl (saline). This tissue homogenate was mixed 
with 5 volumes of acidic pepsin, the mixture was incubated for 1h 
at 37°C, centrifuged, neutralized with sodium bicarbonate, and 
mixed with antibiotics. Subsequently, 1 mL of the homogenate 
was subcutaneously inoculated into each of three Swiss albino 
female mice from the colony of the FMVZ-USP, São Paulo, SP, 

Brazil. Before adding the acidic pepsin, one aliquot of 1 mL of 
homogenate tissue (primary sample) from each animal was stored 
at –70°C until the extraction of genomic DNA.

The inoculated mice were examined for T. gondii infection 
as previously described (DUBEY, 2010). Impression smears 
of the lung and cerebrum samples of the mice that died were 
microscopically examined for T. gondii organisms. The survivors 
were bled nine weeks post-inoculation (p.i.), and serum from 
each mouse was tested for antibodies to T. gondii (≥25) using 
the modified agglutination test (MAT). All survivors were 
euthanized (T61® Intervet, Campinas, SP, Brazil) nine weeks 
p.i. and their brains were microscopically examined for tissue 
cysts. T. gondii was considered to have been isolated when stages 
of the parasite (tachyzoites and/or cysts) were found in mouse 
tissues. Samples of hearts and brains of all mice were referred 
for molecular tests.

Statistical analysis of data

Possible associations between the occurrence values of 
anti-T. gondii antibodies in non-volant wild mammals caught in 
each park were analyzed using the Pearson chi-squared test. The 
same associations were analyzed for the animals that were positive 
by molecular diagnosis using Fisher’s exact test. Regarding the 
bats, due to the fact that these animals frequented both parks, 
the occurrence of anti-T. gondii was determined using the bats 
captured in both parks, with no comparison being made between 
capture sites.

For cats that were captured only in the Parque da 
Cidade, associations between age and sex and the presence of 
anti-T. gondii were evaluated using Pearson’s chi-squared test. 
EPI-INFO 6 software (CDC, Atlanta, Georgia, USA) was 
used for all analyses. Differences were considered statistically 
significant at p ≤ 0.05.

Results

Captured animals

Among the wild animals captured, 18 species of wild mammals 
were identified, of which three belong to the order Rodentia, 
eight to the Chiroptera order, four to the Didelphimorphia order, 
one species belonging to the Cingulata order, one species of the 
Primates order and one species of the Carnivora order. In the 
Parque da Cidade and Parque das Dunas, specimens were captured 
of 10 and 12 species, respectively (Table 1).

Altogether, biological samples were obtained from 154 
mammals, of which 92 were wild animals and 62 were domestic 
cats, the latter being from the Parque da Cidade. Of the wild 
mammals, 51 specimens (59.8%) were species of the order 
Chiroptera, flying animals that are able to travel over large 
areas and, therefore, are not necessarily always present in the 
same park. Of the small non-volant mammals, 23 (56.1%) were 
from the Parque da Cidade and 18 (43.9%) from the Parque 
das Dunas.
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Investigation of anti-T. gondii antibodies in wild 
animals

From the 92 animals caught, 74 serum samples from 
16 species were obtained. Among the non-volant mammals, no 
association was observed when comparing the occurrences of 
positive animals in each of the forest fragments (p = 0.11). In the 
Parque da Cidade, 14 (66.7%) non-volant wild mammals had 
anti-T. gondii antibodies and in the Parque das Dunas 8 (61.5%) 
of these mammals were positive. Regarding bats, 11 (21.5%) of the 
40 serum samples had anti-T. gondii. The titers of anti-T. gondii 
antibodies ranged from 25 to 3.200.

Investigation of anti-T. gondii antibodies in domestic 
cats

Regarding cats, 53 serum samples were obtained. Of these, 
28 (52.8%) were seropositive for T. gondii. During the two field 
campaigns, the number of cats observed and counted in the 
Parque das Dunas did not exceed 20 animals and these were 
not captured due to the feral habits. In the Parque da Cidade, 
the number of cats counted in the two campaigns exceeded 150 
animals. Of the young and adult cats, 48.9% (22/45) and 62.5% 
(5/8) were seropositive, respectively. There was no statistical 
difference between the proportions of seropositive animals and age 
(p = 0.55). Regarding gender, 50% (15/30) of females and 54.5% 
(12/22) of males were positive, and there was no association 
between sex and the presence of anti-T.  gondii antibodies 
(p = 0.79). The titers of anti-T. gondii antibodies ranged from 25 
to 12,800, with 13 cats having a titer of 25, three having 50, six 

having 100, one having 200, two having 400, one having 1,600, 
one having 6,400, and one cat had a titer of 12,800.

Molecular investigation of T. gondii

The PCR for amplification of the B1 gene was done on DNA 
extracted from 680 samples obtained both from wild animals and 
from cats. Of the 92 wild animals captured, 69 were necropsy 
(483  tissue samples) and 74 had blood collected, totaling 
557  samples. The remaining 123 samples were obtained from 
tissues of cats undergoing sterilization (testis, uterus and blood) 
and animals that died during the sampling period (eight samples 
from three cats) and/or animals that only had their blood collected 
(53 animals).

All wild animals caught were tested in at least one type 
of sample (tissue or blood). Of the wild animals tested, 15 
(16.3%) were positive in at least one tissue or blood analysis 
(Table 2). T. gondii DNA was detected in 16.3% (15/92) of 
92 animals analyzed, of which 21.6% (11/51) were bats and 
12.9% (4/31) marsupials. There was no association between 
the number of positive non-volant wild mammals for the 
presence of T. gondii DNA and the forest fragment of origin 
(p = 1.00) according to Fisher’s exact test. Eight bats that were 
positive in the molecular test showed no positive serology for 
T. gondii (MAT ≤ 25).

T. gondii DNA was detected in five of the 62 (8.1%) cats that 
had blood or tissues analyzed (Table 3, Figure 1). There was no 
association between the sex (p = 0.14) and age (p = 0.70) of the 
cats and the molecular detection of T. gondii in tissues.

Table 1. Order, species and number of captured and sampled wild mammals in the conservation areas (Parque da Cidade and Parque das 
Dunas) in Natal, Rio Grande do Norte, Brazil (2012 and 2013).

Order Species Common Name Number of Specimens
Parque da 

Cidade
Parque das 

Dunas
Total

Rodentia Necromys lasiurus hairy-tailed bolo 20 0 2
Thrichomys apereoides mouse 0 1 1
Rattus rattus spiny rat black rat 1 1

Chiroptera Artibeus lituratus
Myotis nigricans
Uroderma bilobatum
Sturnira lilium
Carollia perspicillata
Lichonycteris degener
Glossophaga soricina
Centronycteris maximiliani

neotropical fruit bat
neotropical fruit bat
neotropical fruit bat
neotropical fruit bat
short-tailed fruit bats
neotropical fruit bat
pallas’s long-tongued bat
shaggy Bat

1
0
1
1
6
2
0
0

15
14
7
0
1
0
2
1

16
14
8
1
7
2
2
1

Carnivora Lycalopex vetulus hoary fox 1 0 1
Cingulata Euphractus sexcinctus six-banded armadillo 2 0 2
Didelphimorphia Didelphis albiventris

Monodelphis domestica
Caluromys philander
Cryptonanus agricolai

white-eared opossum
gray short-tailed opossum
bare-tailed woolly opossum
agricola’s gracile opossum

14
4
0
0

11
0
1
1

25
4
1
1

Primates Callithrix jacchus common marmoset 0 3 3
Total 34 58 92
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Bioassay in mice

Using the samples obtained in the field, 116 bioassays were 
conducted in mice, two of these with water samples obtained 
from each of the parks, 69 with wildlife animal tissues (brain, 
heart and tongue) and 45 with tissues from domestic cats. From 
the felines, 37 bioassays used tissue from the uteri of sterilized 
cats, 3 used a pool of brain, heart and tongue from animals that 

died during the sampling period, 3 were performed with pooled 
samples of intestinal contents, obtained from the same cats that 
had died, and 2 samples of fetuses from 2 pregnant cats that 
underwent sterilization. No isolate of T. gondii was obtained by 
mouse bioassay.

Discussion

The results of this study demonstrate that, in the parks studied, 
T. gondii has a well-established population in a wide variety of 
hosts. Anti-T. gondii antibodies (MAT ≥ 25) were found in 34 
(45.9%) of the 74 wild animals captured, representing 16 of the 
18 species collected. Comparison with other studies is difficult, 
since the samples were collected from wild animals of different 
species that have different habits from each other and are not 
often targets of research into T.  gondii. Siqueira  et  al. (2013) 
identified anti-T.  gondii antibodies (MAT ≥ 25) in various 
species of rodents and marsupials in areas of the city of Recife, 
northeastern Brazil. In these animals, 6.7% (15/223) of the 
marsupials and 5.7% (10/174) of the rodents had anti-T. gondii 

Figure1. Nested PCR (nPCR) amplified DNA fragments 
corresponding to B1 gene. Toxoplasma gondii from the RH strain of 
T. gondii isolated were used as controls. Agarose gels (2.0%) stained 
with ethidium bromide. N = Negative; P = Positive; He = heart; 
Br  =  brain; To = tongue; Ut = uterus; Te = testicle; Bl = blood; 
Fe = fetus.

Table 2. Identification of positive animals from each park in the molecular test for the presence of T. gondii with the B1 gene using different 
tissues and blood related to the serology results (MAT ≥ 25).

Code Species Location
Organs Examined for B1

MAT
He Br To Sp Li Ki Lu Bl

24S Artibeus lituratus (great fruit-eating bat) Parque da Cidade N N N P P N N N < 25
46S Artibeus lituratus (great fruit-eating bat) Parque das Dunas P P N P P P P N < 25
42S Artibeus lituratus (great fruit-eating bat) Parque das Dunas P P P N N N N N 25
74S Artibeus lituratus (great fruit-eating bat) Parque das Dunas P P N N N N N N < 25
73S Artibeus lituratus (great fruit-eating bat) Parque das Dunas N P N P P N P N < 25
97S Artibeus lituratus (great fruit-eating bat) Parque das Dunas N N N P N N N N < 25
98S Artibeus lituratus (great fruit-eating bat) Parque das Dunas P N N N N N N N < 25
99S Artibeus lituratus (great fruit-eating bat) Parque das Dunas N P N N N N N N < 25
16S Carollia perspicillata (Seba’s short-tailed bat) Parque da Cidade P N N N N N N N 25
17S Carollia perspicillata (Seba’s short-tailed bat) Parque da Cidade P N N N N N N N 50
40S Glossophaga soricina (Pallas’s long-tongued bat) Parque das Dunas N N N N N N N P < 25
28S Didelphis albiventris (white-eared opossum) Parque da Cidade N P N P N P N N 3200
48S Didelphis albiventris (white-eared opossum) Parque das Dunas P P N N N N N N 25
68S Didelphis albiventris (white-eared opossum) Parque das Dunas N N N P N N N N 25
25S Monodelphis domestica (gray short-tailed opossum) Parque da Cidade N P N N N N N N 50

Total positives 7 8 1 6 3 2 2 1 7
N = Negative; P = Positive; He = heart; Br = brain; To = tongue; Sp = spleen; Li = liver; Ki = kidney; Lu = lung; Bl = blood; MAT = modified agglutination test.

Table 3. Results of nPCR (B1 gene) for DNA samples positive for T. gondii obtained from the tissues and blood of domestic cats from the 
Parque da Cidade and the relation with the serology results (MAT ≥ 25), Natal, Rio Grande do Norte, Brazil, 2013.

Code Age Sex
Tissue positive in B1

MAT
He Br To Ut Te Bl Fe

G69 Adult Female P P N P – N P 12.800
G213 Young Male – – – – P N – 25
G27 Adult Female – – – N – P – 100

G110 Young Female – – – N – P – 100
G107 Young Female N P N N – – – –
Total 1 2 0 1 1 2 1 4

N = Negative; P = Positive; He = heart; Br = brain; To = tongue; Ut = uterus; Te = testicle; Bl = blood; Fe = fetus; MAT = modified agglutination test.
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antibodies. In the present study, with the same serological test 
and cutoff point, 76% (19/25) of marsupials were seropositive for 
T. gondii, demonstrating a greater prevalence of infected animals 
when compared to other forested areas of the same region. These 
results indicate a possible interference caused by the presence of 
the large number of domestic cats in the study areas and reinforces 
the need for the intervention of governmental agencies for the 
implementation of plans of action to control the cat population 
in the parks and in the city, and campaigns clarifying the need 
for such control to the local population.

Among the species captured in the two forest fragments, 
Didelphis albiventris stands out for having high occurrence values 
for anti-T. gondii antibodies (77.8% in the Parque da Cidade and 
76.9% in the Parque das Dunas). D.  albiventris is commonly 
found in the study area and is not at risk of extinction, being seen 
as an opportunistic species in anthropogenic environments and, 
when in high densities, these have been described as bioindicators 
of degraded forest areas (PAGLIA et al., 2012).

Comparing the two forest fragments studied in relation to 
the data obtained for the epidemiology of T. gondii, it can be 
concluded that the Parque da Cidade presents a more serious 
situation with regard to the ecological balance and increasing 
population of T.  gondii. The Parque da Cidade is within the 
central area of the city and demonstrates a range of ecological 
consequences for the ecosystem that can alter the reproductive 
cycles of several host species, climate characteristics at the edges 
of forests and water quality. Moreover, it was observed that the 
domestic cat is part of the ecological chain as a predator and 
that the large population of cats may be influencing the diversity 
of native wildlife. The tightening of the relationship between 
domestic and wild animals, in addition to causing increased 
competition for wild and anthropogenic habitats, can result 
in the transmission of diseases from one group to the other 
(OGRZEWALSKA et al., 2011).

In the present study, there was little information on the 
number of domestic cats in the two areas studied. In 2012, the 
administration of Natal estimated 150 cats concentrated at four 
points separated from one another by 400 meters (personal 
communication) within the Parque da Cidade. These points are 
locations where there are points for collecting the water from the 
water table that supplies the city. No census has been performed 
to estimate the number of cats in the Parque das Dunas, however, 
during the second field campaign of this study, only 20 animals 
were counted. This number, even if it is not backed by scientific 
methodology, demonstrates that there is a distinct difference in the 
populations of cats present in each park studied. The low number 
of cats observed in the Parque das Dunas can also be explained 
by the large size of this forest fragment, allowing cats to frequent 
the internal areas of the park. In this area, it was observed that 
cats form small groups inside the forest, and do not allow human 
approach, being practically feral.

The high occurrence of anti-T.  gondii antibodies in cats 
that live in the Parque da Cidade (51.9%) presents an alarming 
situation for public health, since the positive serology indicates 
that these cats have already excreted T.  gondii oocysts in the 
environment, and reinforces the significance of these animals 
in the epidemiology of the parasite. There are no studies of 

seroprevalence in cats in the state of Rio Grande do Norte. Some 
already published data show marked differences between the 
occurrences obtained in this study and in studies done elsewhere. 
Pena et al. (2006) examined feral cats from several municipalities 
in the state of São Paulo and found 23.4%. Silva et al. (2002) 
found a prevalence of 26.7% for feral cats from São Paulo and 
Guarulhos. These studies used the same test and the same cutoff 
point as those used in the current study (MAT ≥ 25).

In Santa Isabel do Ivaí, in the state of Paraná, southern Brazil, 
84.4% of cats were positive by MAT (≥ 25) (DUBEY  et  al., 
2004). Although listed here, comparisons of occurrence values 
must be analyzed with care due to differences in the sampling 
and techniques used in different studies. It is known that each 
naturally infected cat can, in a few days, excrete more than 500 
million oocysts into the environment after infection (DUBEY, 
2010). Taking this value into account, in the Parque da Cidade 
alone, it can be estimated that the positive animals found there 
may have been responsible for the excretion of approximately 14 
billion oocysts over a period of their lives, and this park is where 
water is captured for the municipality. Although this water is 
underground and relatively deep, this fact deserves the attention 
of the local authorities.

In the present study, the number of positive domestic cats 
in molecular diagnosis was low (8.1%) when compared to the 
serology results (52.8%). This could be explained by the fact that 
the research was conducted in selected tissues, such as brain and 
skeletal and cardiac muscle, in only two of the 62 cats evaluated. 
The cats were not euthanized and most of the tissue used came 
from the sterilization of these animals and from blood. However, 
the results showed that organ tissues of the reproductive tract of 
cats (testis and uterus) can also harbor T. gondii. The reproductive 
organs, although not organs of choice for diagnosis, can be more 
easily obtained and used for this purpose. The blood used for 
investigating the DNA of the parasite only presents circulating 
T. gondii during the acute phase of the disease (PENA et al., 2006), 
which makes its use somewhat unsuitable for molecular diagnosis 
in chronic cases of infection. Even so, of the 53 blood samples 
tested by the molecular method, two were positive and, in these, 
the titers of anti-T. gondii antibodies were 100.

The molecular diagnosis of T.  gondii used in this study is 
quite widespread in studies with this coccidian. The B1 gene is 
considered to be highly specific for this parasite due to its multiple 
repeats in the DNA (BURG et al., 1989; KAUFMANN et al., 
1996; SCHATZBERG et al., 2003; TERRA et al., 2004). The 
proportion of positive wild animals in molecular testing (15/92 
or 16.3%) was also lower than that for serology (45.9%), as was 
observed for the cats. Of all the tissues examined for detection 
of the T. gondii DNA using the B1 gene, samples from the brain, 
heart and spleen were the most frequently positive with eight, 
seven and six positive samples, respectively. With the exception 
of the spleen, the others have been the organs of choice for the 
diagnosis of T. gondii infection in most studies with domestic 
species (DUBEY et al., 2012).

The low molecular occurrence of the parasite in the wild 
animals assessed may be due to low parasite load in the organs 
analyzed, especially in bats, for which the biology of T. gondii 
is little known. There are no data on the physiology of these 
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mammals showing the time required for the animal to produce 
antibodies against T.  gondii after infection and for how long 
these antibodies can be found in the circulation. As such, there 
is as yet no validation of a serological test for the diagnosis of 
toxoplasmosis in bats.

For a better understanding of the role of bats in the 
toxoplasmosis cycle, it would be important to conduct 
experimental studies of infection, which would provide 
information on the antibody titers, their onset and duration 
of persistence in the circulation, and information on the 
pathogenicity of this coccidium in different bat species. There 
is a recent report of clinical toxoplasmosis in two captive 
megachiropteran frugivorous bats (Pteropus conspicillatus and 
Pteropus scapulatus) from Australia by Sangster  et  al. (2012). 
Also recently, Cabral et al. (2013) reported the first isolation and 
genotyping of T. gondii from two Brazilian bats, the Desmodus 
rotundus vampire bat and the Molossus molossus insectivorous bat 
from São Paulo city.

In the epidemiological chain of T.  gondii, both in urban 
environments and in wild environments, carnivorism is the main 
route of transmission of the parasite to the feline (DUBEY et al., 
2010). In the wild environment, small mammals are considered 
staples in the diet of several species of wild felines and, possibly, 
the domestic cat (CAÑÓN-FRANCO  et  al., 2013). Some 
studies have shown that the rate of T. gondii infection in these 
felines is related to the predator–prey relationship, and therefore 
dependent on the availability of food for species considered to 
be prey (AFONSO et al., 2007). In the Parque da Cidade, there 
are no top-level predators, such as wild cats, so the population of 
domestic cats grows without interspecific competition. In contrast, 
the Parque das Dunas provides areas of dense forest capable of 
harboring predator species, including small and medium-sized 
neotropical felines, making the propagation of domestic cats 
inside this forest fragment difficult.

The observations in this study show evidence of a region 
greatly affected by the proximity of humans and their domestic 
animals, and indicate that they are interfering with the health 
of wild animals. Since both parks are frequented by humans, 
measures for controlling the population of cats and environmental 
conservation measures should be implemented in view of the 
importance of T. gondii for animal health and public health.
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