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The Brazilian savanna, also known as Cerrado, is one of the world’s richest and most
ecologically invaluable tropical savanna regions. There are few studies in Brazil about the
diseases that affect the wild canids of this biome, which may be harmful to wildlife popula-
tions and public health. The aim of this study was to evaluate the occurrence of antibodies
against Leptospira spp. in three Cerrado wild canids species using the microscopic aggluti-
nation test (MAT). Serum samples were tested from 19 crab-eating foxes (Cerdocyon thous),
14 maned wolves (Chrysocyon brachyurus), and seven hoary foxes (Lycalopex vetulus), all
free-ranging animals found in the municipalities of Araguari and Uberlandia, Minas Gerais
State, and Cumari, Goias State, Brazil. Fourteen (35%) of these samples were seropositive.
The most frequent serovars detected in the samples were Copenhageni and Hardjo, but
reactions to the serovars Autumnalis, Grippotyphosa, Hebdomadis, Wolffi, and Icteroha-
emorrhagiae also occurred. Notwithstanding other reported results, this study is the first
to report the presence of antibodies against Leptospira spp. in L. vetulus. The three species
of wild canids examined may act as potential hosts for several serovars of leptospira in
Brazil’s savanna environment.

INDEX TERMS: Carnivores, Cerdocyon thous, Chrysocyon brachyurus, Lycalopex vetulus, con-

servation, leptospirosis.

RESUMO.- [Ocorréncia de anticorpos contra Leptospi-
ra spp. em canideos selvagens de vida livre do cerrado
brasileiro.] O cerrado é a mais diversificada savana tro-
pical do mundo e constitui grande importancia ecolodgica.
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Ainda assim, sdo poucos os estudos realizados no Brasil
a respeito das doencas que acometem os canideos desse
bioma, o que causa prejuizos a popula¢do de animais sel-
vagens e a saude publica. Essa pesquisa foi realizada com
o objetivo de avaliar a ocorréncia de anticorpos contra
Leptospira spp. em trés espécies de canideos selvagens
do cerrado brasileiro utilizando o teste de soroaglutina-
¢do microscépica (SAM). Foram testadas amostras de soro
sanguineo de 19 cachorros-do-mato (Cerdocyon thous),
14 lobos guaras (Chrysocyon brachyurus) e sete raposas-
-do-campo (Lycalopex vetulus) de vida livre das regides
de cerrado de Araguari e Uberlandia, MG, e Cumari, GO.
Dessas 40 amostras, 14 (35%) foram soropositivas. Os
sorovares detectados com maior frequéncia foram Cope-
nhageni e Hardjo, porém evidenciou-se também reagio
aos sorovares Autumnalis, Grippotyphosa, Hbedomadis,
Wolffi e Icterohaemorrhagiae. Esse trabalho foi o primei-
ro a relatar a presenca de anticorpos anti-Leptospira spp.
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em L. vetulus e verificou-se que as trés espécies de canide-
os utilizadas nessa pesquisa podem atuar como possiveis
hospedeiros de diversos sorovares de leptospiras no am-
biente de cerrado.

TERMOS DE INDEXACAO: Carnivoros, Cerdocyon thous, Chry-
socyon brachyurus, Lycalopex vetulus, conservacao, leptospirose.

INTRODUCTION

The Brazilian Cerrado is the most diverse tropical savanna
in the world (Klink & Machado 2005) and the second lar-
gest biome in Brazil. It extends over eight Brazilian states,
predominantly Goias (GO) and Minas Gerais (MG) (Borlaug
2002). Characterized by enormous ranges of plant and ani-
mal biodiversity, this biome is home to 251 mammal spe-
cies (Paglia et al. 2012). However, despite its foremost eco-
logical importance, it is one of the most threatened biomes
in the country (Brasil 2012) and in the world (Myers 2000),
which makes it a hotspot.

Starting in the 19th century, large parts of the Cerrado
began to be converted to agriculture (mainly monocultures
in the last 20 years) and extensive cattle ranching, thereby
restricting available areas for wildlife and reducing biodi-
versity of this ecosystem (Brasil 1999). In fact, over 72%
of the species listed in the Red Book of Brazilian Endange-
red Fauna are native to the Cerrado and Atlantic Rainforest
(Brasil 2012). Fragmentation and habitat loss represent
a serious threat, particularly to carnivores, due their high
spatial requirements for feeding and reproduction (Mas-
sara 2009, Wilson & Mittermeir 2009). Among these spe-
cies, canids are under particular threat since they occur in
both highly preserved and secondary areas, reducing the
distance between wildlife and humans (Lemos et al. 2011).
According to these authors, this group also faces the risk
of becoming roadkill, of being poisoned, and attacked by
domestic dogs as a result of conflicts between humans and
carnivores.

Degradation of natural habitats increases the proximi-
ty of wildlife to human populations and domestic animals,
favoring the transmission of diseases. Indeed, Curi (2005)
stated that infectious diseases are particularly relevant as
factors that threaten the conservation of wild canids of the
Cerrado. Maia & Gouveia (2002) reported that 9% of cap-
tive maned wolf (Chrysocyon brachyurus) deaths in Brazil
(between 1989 and 1998) were caused by infectious dise-
ases. However, studies in Brazil about diseases that may
affect these animals are still scanty, although such diseases
have the potential to seriously harm not only to wildlife po-
pulations but also human public health. Canids can act as
important sources of infection and carriers of pathogens
that can affect the health of human and other animal spe-
cies (Aguiar 2000).

It is known that wild canids are potentially susceptible
to common diseases and zoonosis that affect domestic dogs
(Canis familiaris) (Fowler 1986, Deem & Emmons 2005).
There are reports of maned wolves suffering from distem-
per (Maia & Gouveia 2002), crab-eating foxes (Cerdocyon
thous), maned wolves, and hoary foxes (Lycalopex vetulus)
affected by parvovirus (Mann et al. 1980, Curi 2005, Jorge

2008, Maldonado 2009), leishmaniasis in crab-eating foxes
(Courtenay et al. 1996, Courtenay 2002), and reports of
maned wolves seropositive for Toxoplasma gondii (Proenca
2007). In addition, the crab-eating fox has been implicated
as the main reservoir of rabies virus among wild canid spe-
cies in northeast Brazil (Carnieli et al. 2008).

Among these diseases, leptospirosis is an infectious
disease of major importance to public health and can po-
tentially infect wild canids from the Cerrado. This disease
has a complex epidemiological cycle that involves humans
and domestic and wild animals (Brasil 1995). In general,
wild animals behave as asymptomatic carriers of the pa-
thogen and may be affected by several serovars of Leptospi-
ra spp., acting as perennial sources of infection for humans
and other animals (Santa Rosa et al. 1980, The World Zoo
1993).

Epidemiological studies of Leptospira spp. in wild cani-
ds are rare, particularly in free-ranging populations (Lins
& Lopes 1984, Girio et al. 1999), and little is known about
leptospirosis in animals of the savanna. Therefore, the pre-
sent study aimed to evaluate the occurrence of antibodies
against Leptospira spp. in three free-ranging wild canid
species of the Brazilian savanna and to identify the most
frequent serovars in these animals.

MATERIALS AND METHODS

Study area, captures and sample collection

The occurrence of antibodies against Leptospira spp. in three
wild canid species of the Brazilian savanna was evaluated using
the microscopic agglutination test (MAT). Serum samples were
tested from 19 crab-eating foxes (Cerdocyon thous), 14 maned
wolves (Chrysocyon brachyurus) and seven hoary foxes (Lycalopex
vetulus), all free-ranging animals from savanna regions in the mu-
nicipalities of Araguari (UTM 22K 785758/7939098) and Uber-
landia (UTM 22K 786826/7905936), state of Minas Gerais (MG),
and Cumari (UTM 22K 805816/7964233), state of Goias (GO).
Most of the savanna areas in Minas Gerais are cultivated with soy
bean and corn, while pastureland (Brachiaria sp.) and cattle far-
ms cover large areas of Goias, although small patches of cerrado
still exist (Lemos etal. 2011).

The serum samples came from the collection of the Wildlife
Teaching and Research Laboratory (LAPAS) at the Federal Uni-
versity of Uberlandia (UFU) and from the research group Progra-
ma de Conservagdo Mamiferos do Cerrado (Cerrado Mammals
Conservation Program) (PCMC, based at the Federal University
of Goiads / Cataldo. All the samples were collected humanely for
purposes other than that of this study and were stored at about
-22°C. No animal was handled specifically for this study. The LA-
PAS samples were collected from free-ranging wild animals found
in residential areas or injured animals seized by the Brazilian Ins-
titute of Environment and Renewable Natural Resources (IBAMA)
and the Environmental Police.

The samples from PCMC collection were taken from animals
captured between 2008 and 2011 (captures carried during dry
and rainy periods) using galvanized wire mesh traps baited with
sardines and boiled chicken, and were part of a broader study on
the ecology and epidemiology of the three canid species. Animals
were immobilized with an intramuscular injection of zolazepam
and tiletamine (Zoletil®) at dosages of 3-20 mg/kg, according to
the target species. The anesthetized animals were marked with
ear-tags for individual identification and fitted with VHF radio
collars. Blood samples were taken by cephalic venipuncture and
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stored in Vacutainer® tubes for serological tests. The animals
were released at the capture site after recovering completely from
anesthesia.

All the animal handling procedures followed the guidelines of
the American Society of Mammalogists for the use of wild mam-
mals in research (Gannon & Sikes 2007). Permission for captu-
re and sample collection of wild carnivores was given by IBAMA
(SISBIO license number 14576-2).

Serologic studies

MAT was conducted at the Laboratory of Infectious Diseases
of UFU, using a panel of 14 serovars: Australis, Autumnalis, Ba-
taviae, Bratislava, Canicola, Copenhageni, Grippotyphosa, Hardjo,
Hebdomadis, Icterohaemorrhagiae, Pomona, Pyrogenes, Tarasso-
vi and Wolffi. The test was performed according to Brasil (1995)
and samples with more than 50% agglutination were considered
reagent. The titer of a serum was the highest dilution that agglu-
tinated.

RESULTS

Fourteen (35%) of the 40 blood serum samples of wild ca-
nids analyzed in this study were positive by MAT and all
the species had reagent samples. Reactions to Autumnalis,
Copenhageni, Grippotyphosa, Hardjo, Hebdomadis, Wolffi,
and Icterohaemorrhagiae serovars were observed. Antibo-
dies against the serovars Copenhageni and Hardjo occurred
more frequently in the positive samples. No sample reacted
positively to the serovars Bataviae, Bratislava, Pyrogenes,
Australis, Tarassovi, Pomona, and Canicola.

Antibodies against serovars Hebdomadis and Wol-
ffi were detected in four samples each, while antibodies
to the serovar Grippotyphosa occurred in three samples.
Only one sample was positive for each of the serovars Au-
tumnalis and Icterohaemorrhagiae, so these were the least
frequent serovars among the positive animals. The results
are summarized in Table 1. The serological titers found in
the positive samples ranged from 100 to 400. The antibody
titer that occurred at the highest frequency was 100, follo-
wed by 200 and 400 (Table 2).

Table 1. Microscopic agglutination test results for the 40
samples of blood serum tested from wild canids from
Brazilian savanna, according to species

Species Tested Positive % Serovars Percentages
sample samples of each
number number serovar (%)

Cerdocyon 19 08 42.1  Autumnalis 12.5

thous Copenhageni 37.5

Grippotyphosa 37.5
Hardjo 37.5
Hbedomadis 37.5
Wolffi 25
Icterohae- 12.5
morrhagiae

Crysocyon 14 05 35.7 Hardjo 40

brachyurus Wolffi 20

Hbedomadis 20
Copenhageni 60
Icterohae- 20
morrhagiae

Lycalopex 07 01 14.2 Hardjo 100

vetulus Wolffi 100
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Table 2. Frequency of serovars detected in positive samples
of blood serum of wild canids from the Brazilian savanna
and serologic titers, according to species

Titers
100 200 400

1

Species Serovars Frequency

Autumnalis
Copenhageni
Grippotyphosa
Hardjo
Hbedomadis
Wolffi
Icterohae-
morrhagiae
Hardjo
Wolffi
Hbedomadis
Copenhageni
Icterohae-
morrhagiae
Hardjo
Wolffi
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DISCUSSION

This research showed that the three canid species under
study had contact with Leptospira spp. in Brazilian savanna
environments. Scientific studies on leptospirosis are be-
ginning to be conducted on captive wild animals in Brazil
(Guerra-Neto 2006). In general, higher percentages of wild
canids positive to MAT have been reported in Brazilian Zoos
than that observed in this study (Luna-Alvarez 1996, Lilen-
baum et al. 2002, Esteves et al. 2005). This may be because
zoo animals are kept in captivity and under more stressful
epidemiological conditions than free-ranging animals and
captivity favors the spread of diseases and pathogens.

The geographic and climate characteristics of each re-
gion in which this and other surveys were conducted must
also be considered. Knowing that there is a higher inciden-
ce of leptospirosis in areas with high levels of rainfall (Ba-
tista et al. 2005), studies in these areas are expected to find
a larger number of animals positive to MAT. However, this
is not the case in the Brazilian savanna, which is characte-
rized by marked dry and wet periods (Assad et al. 1993).

Reports of the presence of antibodies against Leptos-
pira spp. in wild canids such as maned wolves and crab-
-eating foxes indicate a high frequency of infection in these
animals. This applies to both free-ranging (Jorge 2008) and
captive animals (Esteves et al. 2005). In free-ranging cani-
ds, this infection may be attributed to their territorial and
dietary habits. The maned wolf, which is the largest mem-
ber of the Canidae family in South America (Einsenberg &
Redford, 1999), travels distances of 21.7 to 132 km? dai-
ly (Dietz 1984, Carvalho & Vasconsellos 1995, Rodrigues
2002, Mantovani et al. 2007, Azevedo 2008). Crab-eating
foxes and hoary foxes usually use smaller areas but also
roam extensively through their territory (Juarez & Mari-
nho-Filho 2002, Courtenay et al. 2006).

The extensive wandering of these wild canids provides
numerous possibilities of contact with domestic animals
and synanthropic reservoirs, favoring the transmission
of Leptospira spp. (Jorge 2008). Moreover, except for the
hoary fox, crab-eating foxes and maned wolves have diets
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based on fruits and small mammals such as rodents and
small marsupials (Jacomo et al. 2004, Ferreira-Silva & Lima
2006, Dalponte 2009), which are the most important re-
servoirs of the pathogen (Faine et al. 1999). Hoary foxes
are insectivorous carnivores that feed mainly on termites
and other insects (Dalponte 1995, Juarez & Marinho-Filho
2002, Dalponte 2009). Although they also consume small
mammals, these do not represent the main diet of the spe-
cies, although there are reports of hoary foxes scavenging
on small domestic animals such as goats (Dalponte 1995),
which also represents a risk of infection.

In this study, the serovars Copenhageni and Hardjo oc-
curred more frequently in the wild canids under study. Ac-
cording to Faine et al. (1999), the serovar Copenhageni be-
longs to the serogroup Icterohaemorrhagiae and its main
reservoirs are synanthropic rodents, which are a potential
part of the food chain of these canids. Pimentel et al. (2009)
attributed the presence of this serovar in a zoo in the state
of Sergipe, Brazil, to the presence of rats (Rattus norvegi-
cus) in the zoo environment, which confirms the possibility
of contact between these rodents and canids.

It is noteworthy that, in Brazil, the serovar Copenhageni
is imputed to be responsible for the most serious cases of
human leptospirosis (Sakata et al. 1992, Brasil 2005). As
wild canids come into increasing contact with areas inha-
bited by humans, we must be concerned with a possible
transmission of pathogens between canids and humans.
According to Figueiredo et al. (2009), the natural host of
the serovar Hardjo is cattle. It is important to analyze the
high frequency of the occurrence of this serovar in wild
canids, since these wild animals are using livestock areas
as their territory and are thus being exposed to infectious
agents of domestic animals.

The serovars most commonly found in the animals of
this study differ from those described as common for wild
canids in other areas of Brazil. The serovars Castellonis,
Cynopteri, Canicola, and Icterohaemorrhagiae have been
reported as the main serovars in canids (Corréa et al. 2004,
Esteves et al. 2005), but were not found in all the species of
our study. This may indicate that animals from the Cerrado
are exposed to serovars different from those found in other
Brazilian regions, and that these species can be reservoirs
and hosts for a wide variety of serovars.

Studies conducted in Brazil show that some crab-
-eating foxes are positively reactive to several serovars
of Leptospira spp., as observed in this study as well as by
Souza-Junior, Lobato & Lobato (2006) and Jorge (2008).
The serovars Autumnalis, Copenhageni, and Grippotypho-
sa, found in crab-eating foxes in this research have also
been reported in earlier studies (Esteves et al. 2005, Jorge
2008, Pimentel et al. 2009). Vieira (2009) also identified
the serovar Hardjo-bovis, an indistinguishable subtype of
the serovar Hardjo detected in this study, in the species.
Reports of the serovars Wolfii and Icterohaemorrhagiae
in crab-eating foxes were not found, so this represents
the first record. Serovars other than those detected in this
study have been described in Cerdocyon thous (Corréa et
al. 2004, Souza-Junior et al. 2006, Jorge 2008, Ullmann et
al. 2012) (Table 3).

In the species C. brachyurus, the serovars found in this
study differ from those described earlier (Deem & Em-
mons 2005, Esteves et al. 2005, Jorge 2008, Ullmann et al.
2012). Only the serovar Icterohaemorrhagiae had already
been reported in maned wolves in a national park in Boli-
via (Deem & Emmons 2005) (Table 4). Diniz, Lazzarini &
Angelo (1999) conducted a retrospective study of maned
wolves in the Sdo Paulo Zoo and reported that in 30 years,
2% of the animals died due to nephritis and epileptiform
convulsions caused by Leptospira spp. Esteves et al. (2005)
also discussed the possibility of a maned wolf death in the
Uberaba Zoo due to leptospirosis, reporting interstitial
nephritis and hemorrhagic gastroenteritis as pathologi-
cal findings. An individual of the same species inhabiting
the same enclosure where the animal died had antibodies
against Leptospira spp.

There are no studies about the occurrence of leptospi-
rosis in Lycalopex vetulus. Azevedo et al. (2009) sampled
what they believed to be 60 hoary foxes in the state of Para-
iba, but it is now known that those animals were misidenti-

Table 3. Comparison of serovars detected in Crab-eating
foxes (Cerdocyon thous) in this study and serovars reported
in other studies for this species

Species  Serovars detected Serovars reported References
in this study in other studies
Cerdocyon  Autumnalis Autumnalis Jorge 2008
thous Copenhageni Copenhageni ~ Pimentel et al. 2009
Grippotyphosa Grippotyphosa  Esteves etal. 2005
Hardjo Hardjobvis Vieira 2009
Hbedomadis - -
Wolffi - -
Icterohae- - -
morrhagiae
- Canicola Jorge 2008
- Pyrogenes Jorge 2008
- Pomona Jorge 2008
- Australis Jorge 2008
- Fluminense Souza-Junior et al. 2006
- Brasiliense  Souza-Junior et al. 2006
- Butembo Corréa etal. 2004
- Cynopteri Corréa etal. 2004
- Sentot Ullmann etal. 2012

Table 4. Comparison of serovars detected in Maned wolves
(Chrysocyon brachyurus) in this study and serovars reported
in other studies for this species

Species Serovars detected Serovars reported References
in this study in other studies
Chrysocyon Hardjo -
brachyurus Wolffi -
Hbedomadis -
Copenhageni - -
Icterohae- Icterohae-  Deem & Emmons 2005
morragiae morragiae
- Canicola Jorge 2008,
Esteves et al. 2005,
Ullmann etal. 2012
- Pyrogenes Jorge 2008
- Autumnalis Jorge 2008
Ballum Deem & Emmons 2005

Grippotyphosa Deem & Emmons 2005
Szwajizak ~ Deem & Emmons 2005
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fied. Although they were seronegative, these animals were
crab-eating foxes. Therefore, this is the first report of the
presence of antibodies against Leptospira spp. in Lycalopex
vetulus in Brazil.

An individual of Lycalopex gymnocercus, phylogene-
tically close to L. vetulus, was described by Fiorello et al.
(2007) as a host of serovar Grippotyphosa. Our new report
adds information to other studies conducted in Brazil that
describe the hoary fox as a potential reservoir of domestic
or zoonotic pathogens, such as rabies virus (Gomes 2004,
Silva et al. 2009).

Although the crab-eating fox is considered of Least Con-
cern by the International Union for Conservation of Nature
(IUCN) and the last Brazilian specialists evaluation (Beisie-
gel et al. 2013), the maned wolf is considered Vulnerable
and at risk of extinction (IUCN 2012) in the coming deca-
des. The maned wolf is also listed as vulnerable on the Red
List of Brazilian Endangered Species, while the crab-eating
fox is not listed (Brasil 2012, Paula et al. 2013).

As for the hoary fox, albeit listed as of Least Concern by
the IUCN (2012), the species is considered Vulnerable to
extinction (Lemos et al. 2013) and is important to note that
it is the only Brazilian endemic carnivore and one of the
world’s seven least studied canids, according to the Canid
Specialist Group of the IUCN. In Brazil, the species is descri-
bed on the Parand and Sao Paulo State Red Lists as Vulne-
rable (Mikich & Bérnils 2004, Lemos & Azevedo 2009). In
the state of Minas Gerais, although it is not included in the
Biodiversitas Online Red List (2012), Chiarello et al. (2008)
consider the species Endangered in the state. Therefore, in
view of the paucity of available data on the species’ popula-
tion dynamics, health, and conservation status, and taking
into account the current scenario of Cerrado destruction by
agricultural policies, all information about the hoary fox is
important to ensure its conservation and a better unders-
tanding of this species.

The high frequency of low titers found in this study is
common in most studies (Girio et al. 2004, Esteves et al.
2005, Souza-Junior et al. 2006, Silva et al. 2010). Wild car-
nivores are sentinels for leptospirosis (Millan et al. 2009),
indicating the occurrence of the disease in the environ-
ment. This research found that leptospirosis occurs in the
Brazilian savanna and that wild canids are possible hosts.
Understanding the occurrence of leptospirosis in these
species is vital to assess the risks posed by this disease in
these canids and to ensure the long-term survival of these
species. These data may also provide a better understan-
ding of the role of wild canids in the epidemiological con-
text of leptospirosis in the Cerrado.
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