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RESUMO

ALBUQUERQUE. Narianne Ferreira de. Universidade Federal do Acre, setembro de
2016. O Papel das capivaras (Hydrochoerus hydrochaeris) como portadoras de
leptospiras em drea urbana e rural na Amazonia Ocidental. Orientadora: Luciana
dos Santos Medeiros. A leptospirose em capivaras tem sido descrita geralmente
baseada em evidéncias sorologicas, enquanto que a cultura bacteriana € pouco relatada.
Na Amazonia Ocidental, ela se apresenta como endémica e de alta soroprevaléncia em
diferentes espécies de animais silvestres, domésticos e seres humanos. O presente
estudo teve como objetivo investigar o papel das capivaras como portadoras de
leptospiras em areas urbanas e rurais na Amazonia Ocidental. Um total de 44 animais
foram capturados e 41 amostras de sangue para sorologia e 41 amostras de urina para
PCR e cultura bacteriana foram obtidas. Um total de 18/41 (43,9%) de soros foram
reativos. A maioria dos titulos foram baixos, o que indica uma infec¢do cronica. A
PCR foi positiva em 13/41 (31,7%) amostras. Foram recuperados oito isolados a partir
de amostras de urina, seis deles pertenceram ao sorogrupo Icterohaemorrhagiae, um
para Grippotyphosa e um para Shermani. Pode ser notado um elevado niimero de
portadoras (pela PCR) e uma tendéncia para abrigar sorovares do sorogrupo
Icterohaemorrhagiae. Estes resultados sugerem que as capivaras sdo infectadas por
leptospiras. Em comparag¢do com ratos, capivaras apresentam infec¢do, com titulos
baixos e eliminagao bacteriana a longo prazo, sendo assim ela pode estar agindo como
reservatdrio dessa bactéria.

Palavras-chaves: Isolamento, Roedores, Animais Selvagens.



ABSTRACT

ALBUQUERQUE. Narianne Ferreira de. Universidade Federal do Acre, September
2016. The role of capybaras (Hydrochoerus hydrochaeris) as carriers of leptospires
on periurban and rural areas on Western Amazon. Advisor: Luciana dos Santos
Medeiros. Leptospirosis on capybaras has been described, usually based on serological
evidences, while bacterial culture has been scarcely reported. It was reported to be
endemic in Western Amazon, and high seroprevalence have been reported in different
species, such as wildlife, domestic animals and human beings. The present study aimed
to investigate the role of capybaras as carriers of leptospires on periurban and rural
areas on Western Amazon. A total of 44 animals were trapped and 41 blood samples
for serology and 41 urine samples for PCR and bacterial culture were obtained. A total
of 18/41 (43.9%) of sera were reactive, and titres were generally low, indicating a
chronic infection. PCR was positive on 13/41 (31.7%) samples, while a total of eight
isolates could be recovered from urine samples, six of them belonging to serogroup
Icterohaemorrhagiae, one to Grippotyphosa and one to Shermani. A high number of
carriers (by PCR) and a tendency for harboring strains of serogroup
Icterohaemorrhagiae could be noticed. Our results suggest that capybaras are infected
by leptospires. In analogy to Norway rats, capybaras present chronic infection, with
low titres and long-term bacterial shedding, and may be acting as reservoirs of that
bacterium.

Keywords: Isolation, Rodents, Wildlife.
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1 ARTIGO
1.1 Artigo 1

The role of capybaras (Hydrochoerus hydrochaeris) as carriers of leptospires on
periurban and rural areas on Western Amazon.

Narianne Ferreira de Albuquerque, Gabriel Martins, Luciana Medeiros, Walter
Lilenbaum e Vania Maria Franga Ribeiro.

Submetido a Acta Tropica em Abril de 2016.



1. Introduction

Leptospirosis is an infectious zoonotic disease determined by bacteria of
Leptospira genus. It happens on well-defined rural and urban cycles (Haake and
Levett, 2015). On the urban cycle of the disease, rodents, mainly but not
exclusively Rattus norvegicus, are known as reservoirs of the bacterium. Other
rodents have also been recognized as reservoirs, as Rattus rattus, Mus musculus
(Fortes-Gabriel et al., 2016), and the wild species Cavia aperea (Monte et al.,
2013), Arvicola sp., Crocidura sp., Talpa sp., Sorex sp., and Microtus sp.
(Obiegala et al., 2016).

The capybara (Hydrochoerus hydrochaeris) is the largest living rodent in
the world. It occurs on Latin America from Panama to Uruguay (Garcia-Esponda
and Candela, 2016). That species requires abundant and permanent water
supply for its living (Alho and Rondon, 1987). Its role as reservoirs of other
pathogens has been reported, as Toxoplasma sp. (Abreu et al., 2016),
Trypanosoma sp. (Da Silva et al., 2016), and Rickettsia sp. (Monje et al., 2015).

Leptospirosis on capybaras has been described on various regions of
Brazil, usually based on serological evidences (Silva, et al., 2009; Chiacchio et
al., 2014; Langoni, et al., 2016). In these studies, capybaras presented 26-41.2%
of seropositivity, and serogroups Australis, Canicola, Tarassovi,
Icterohaemorrhagiae and Pomona have been reported. Nevertheless, serology
cannot be considered as a reliable tool for diagnosing the infection, since it may
indicate simple exposure to the agent. The gold-standard diagnostic method,
bacterial culture, has been scarcely reported on capybaras, and points out that
species as a potential source of infection. The National Collection of Leptospires

of Animal Origin (www.labv.uff.br) refers to only ten strains ever recovered from



that rodent, being seven from serogroup Grippotyphosa (Marvulo et al., 2002),
two from serogroup Shermani (S.A.Vasconcellos, personal communication) and
a single one from serogroup Icterohaemorrhagiae (Jorge et al., 2012).

Amazon is the largest rain forest in the world and in the past decades
human population has enormously increased in that region. It presents equatorial
climate (Af and Am by Koeppen classification) and a close proximity between
cities and forest (Saleska et al., 2016). Rio Branco is the biggest city on Western
Amazon (population around 400,000) and is surrounded, by one side, by extent
areas of Amazonian forest, and by the other side, by rural areas of cattle
breeding. Leptospirosis was reported to be endemic in Western Amazon
(Chiebao et al., 2015), and high seroprevalence have been reported in different
species, such as wildlife and domestic animals (Jori et al., 2009; Furtado et al.,
2015); and human beings (Donaires et al., 2012).

Considering this, the present study aimed to investigate the role of
capybaras as carriers of leptospires on periurban and rural areas on Western

Amazon.

2. Material and Methods

Handling procedures agreed with Ethical Principles in Animal Research
adopted by the Animal Ethic Committee of the Federal University of Acre (process
number 23107.016723/2014-41) and were in full compliance with federal permits
issued by the Brazilian Ministry of the Environment (License SISBIO number

44791-1).



2.1. Study Area

All the studied regions were located around Rio Branco, capital of the
state of Acre, on Western Amazon. Periurban regions were represented by a
borderline recently occupied area of the city, contiguous to Amazon forest. Rural
regions comprised two different farms located 15 km from the city. In both areas,

animals could circulate from the forest to the studied area.

2.2. Animals

The capture of the animals was performed by corral-traps, with daily food.
Upon entry into the trap, it was closed and the animals were mechanically
contained in dip nets. After that, those animals were identified by microchip and
anesthetized with azaperone (1.0 mg/kg), ketamine (12 mg/kg) and diazepam
(0.1 mg/kg) intramuscularly (King et al., 2010). A total of 44 capybaras were
captured, 21 from rural and 23 from periurban areas. All the captured animals
were rigorously examined by veterinarians and no symptoms of clinical

leptospirosis (acute disease) were observed.

2.3. Sampling

From the 44 animals, three blood samples presented hemolysis and were
not included in this study, one from rural and two from periurban areas. Thus, a
total of 41 blood samples were studied. Sampling occurred by puncture of the
femoral vein (Vacutainer®, BD, Franklin Lakes, NJ, USA), transported to the
laboratory and centrifuged. Serum samples were labelled and stored in 1.5 mL

microtubes (Eppendorf®, Sdo Paulo, SP, Brazil) at -20° C to be tested as a batch.
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Three animals presented empty bladder and sampling of urine was not possible,
one from rural and two from periurban areas. Thus, it was possible to obtain 41
urine samples, collected by cystocentesis that were chilled and transported to the
laboratory in syringes. Aliquot of urine samples were used for bacteriological

culturing and PCR.

2.4. Serology (MAT)

For detection of anti-Leptospira antibodies, Microscopic Agglutination
Test (MAT) was performed with a complete panel including 28 serovars
representing 24 serogroups (from Institut Pasteur, Paris, France), according to
international standards (OIE, 2014). Infective serogroup was considered to be
that that presented the highest titre, and animals were considered as seroreactive

when presented titres =100.

2.5. PCR

DNA was extracted from the urine using the Promega Wizard SV
Genomic DNA Purification System® (Promega, Madison, USA). PCR
methodology was performed as Hamond et al. (2014) and targets the lipL32
gene, which is referred to be present only in pathogenic leptospiras (lipL32_45F
- 5'AAG CAT TAC TTG CGC TGG TG 3' and lipL32_286R - 5'TTT CAG CCA

GAA CTC CGA TT 3)).



2.6. Bacterial culturing and serological characterization of the isolates

Few drops of urine were seeded into two tubes containing 5 mL of EMJH
(BD Difco, Franklin Lakes, NJ, USA), and two tubes with 5 mL of EMJH
supplemented with antimicrobial cocktail STAFF (EMJH-STAFF ; Loureiro et al.,
2015) and two tubes containing 5 mL of Fletcher (BD Difco, Franklin Lakes, NJ,
USA). Cultures were incubated at 28 °C and evaluated by dark field microscopy
weekly for 30 weeks.

Obtained isolates were tested by Microscopic Agglutination Test (MAT),
against a panel of rabbit antisera of 32 reference serovars representing 24
serogroups (provided by Royal Tropical Institute - KIT, Amsterdam), as

recommended (Haake and Levett, 2015).

2.7. Statistics

The statistical analysis was performed using SPSS version 20 (SPSS
Inc., Chicago, IL, USA). Serological and molecular data were treated by Chi-
square test and Fisher's exact test. A value of P<0.05 was considered statistically

significant.

3. Results and Discussion

3.1. Serology (MAT)

A total of 18/41 (43.9%) of sera were reactive. Reactivity was 10/20
(50%) on rural areas and 8/21 on periurban areas (38.1%), a non-significant

difference. Seroreactivity was very similar than that described in a recent study



(Langoni et al., 2016) conducted in capybaras from commercial and experimental
breeding facilities in Southeast region, Brazil (41.3%). In contrast, a study
conducted in free-ranging capybaras from a park in S&o Paulo, Southeast of
Brazil reported a seroreactivity level of 26% (Chiacchioe et al., 2014), while
another one reported seroprevalence of 27.3% in capybaras from a
slaughterhouse in South region, Brazil (Silva et al., 2009). Noteworthy that, due
to the paucity of studies regarding leptospirosis in capybaras, a wide comparison
with the literature is difficult to perform.

Amazonian environmental conditions are highly favorable for
maintenance of leptospires (Jori et al., 2009). Thus, it was not surprising the high
seroreactivity observed in animals of the present study, as well as in other studies
conducted in wildlife and domestic species from Amazon biome, such as collared
peccary (Tayassu tajacu - 86.4%), maned wolves (Chrysocyon brachyurus -
75.0%), manatees (Trichechus inunguis - 31.1%), cattle (73.6%) and dogs
(37.5%) (Deem and Emmons, 2005; Jori et al., 2009; Mathews et al., 2012;
Furtado et al., 2015).

Except for two rural animals, that presented titres of 800 and 400, what
probably indicates recent infection, titres were generally low, indicating a chronic
infection. Half of the reactive sera presented titres of 100, while 38.9% presented
titres of 200. In this context, a massive presence of asymptomatic capybara with
low titres in the present study was not an unexpected result.

In relation to the serogroup distribution at MAT, Shermani, Pomona, and
Icterohaemorrhagiae were predominant, although reactions against Bataviae and
Australis were also detected. On rural areas, Icterohaemorrhagiae was

predominant, while on periurban reactions against Pomona and Shermani were



the most common. Despite the slight predominance of some serogroups, those
differences were also non-significant. It is important do highlight that there is no
consensus of predominant serogroups reported by serology in capybaras
worldwide. In general, independently of studied scenario (urban, rural, free-
ranging animals), a wide gamma of serogroups is reported, impairing
comparisons. Additionally, the majority of those studies occurred by convenience
sampling, using a non-representative population of animals. Thus, inferences
regarding predominant serogroups in studied regions are very limited. Despite
that, in Peru the most frequent serogroups reported in capybaras were Sejroe,
Grippothyphosa, Mini, Canicola, Ballum and Pyrogenes (Cueva et al., 2010;
Mufioz et al.,, 2014); while in Brazil were Icterohaemorrhagiae, Australis,

Pomona, Djasiman and Castellonis (Silva et al., 2009; Langoni et al., 2016).

3.2. Urinary PCR

Considering the 41 urine samples, 13 were positive (31.7%), being seven
from periurban (53.8%) and six from rural animals (46.2%), once more a non-
significant result. Those results indicate that those animals may be acting as
important carriers of that bacterium in both areas, being source of infection to
environment and other species. In the present study, we observed that
seroreactivity presented low correlation between positivity in urinary PCR. That
phenomenon also occurs in domestic animals, and seems to be common in

leptospirosis (Hamond et al., 2014).



3.3. Bacterial culturing and serological characterization of the isolates

A total of eight isolates could be recovered from urine samples (19.5%),
five (62.5%) from periurban and three (37.5%) from rural areas, a non-significant
difference. Serogrouping of the isolates identified six of them as belonging to
serogroup Icterohaemorrhagiae (75%), one to serogroup Grippotyphosa (12.5%)
and one to serogroup Shermani. Even using selective media, recovery of
Leptospira is a laborious and low sensitive technique (Haake and Levett, 2015).
Additionally, under field conditions that sensitivity seems to be severally impaired
(Loureiro et al., 2015). Thus, the high rate of leptospires recovered from urine
samples in the present study is a remarkable outcome, since it represents an
advance for epidemiological interpretations.

It is also remarkable the massive recovery of isolates belonging to
serogroup Icterohaemorrhagiae in both areas. It is well-known that Norway rats
play an important role as reservoir of strains from that serogroup in urban
scenarios (Panti-May et al., 2016). Nevertheless, the real role of other rodents,
including capybaras, as carriers of leptospires in rural or free-ranging scenarios
remains to be elucidated. Recently, another study conducted in South of Brazil
reported the isolation of a strain of that serogroup in a capybara admitted to the
Wildlife Rehabilitation Nucleus (Jorge et al., 2012), what may reinforce the

concept of capybaras as reservoirs of that leptospiral strain.



3.4. Final considerations

It is interesting to highlight that, considering serology, bacterial culture
and PCR results there was no significant difference between periurban or rural
animals. It suggests that, rather than an environmental occasional contamination,
capybaras are probably adapted to those strains, acting as asymptomatic
reservoirs of leptospires in both ecological scenarios. Moreover, a high number
of carriers (by PCR) and a tendency for harboring strains of serogroup
Icterohaemorrhagiae could be noticed.

Despite the lack of information regarding the pathogenesis of
leptospirosis in capybaras, an outstanding study succeeded on determining
experimental infection with serovar Pomona (Marvulo et al., 2009). In that study
the authors confirm the susceptibility of capybaras to leptospiral infection, and the
absence of acute clinical signs, suggesting that animal as a chronic reservoir of
leptospires.

Rattus norvegicus are well recognized as reservoirs of
Icterohaemorrhagiae strains (Panti-May et al., 2016). They generally present
chronic infection, with low titres and long-term bacterial shedding (Fortes-Gabriel,
2016). Although determined for Norway rats, our results suggest that those
assumptions seem to be also applicable to capybaras. Unfortunately, there is
scarce knowledge about the molecular and immunological mechanisms of that

adaptability, and their real mechanisms remain to be elucidated.
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4. Conclusions

It has been demonstrated that capybaras are massively infected by
leptospires and shed those agents on the environment, both on rural and
periurban regions of Western Amazon. Predominance for strains of serogroup
Icterohaemorrhagiae was observed, and an important role of those animals as

reservoirs of leptospires is suggested.
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Apéndice A — Tabela com o resultado sorolégico (MAT),molecular (PCR) e cultura
bacteriana de capivaras oriundas de 4rea urbana e rural na Amazonia
Ocidental, Brasil.

N D Local Sorologia — MAT Urina - Culturg Sorogrupagem
Sorogrupo Titulo | PCR Bacteriana

1 521 Urbana Negativo Negativo | Negativo

2 1505 Urbana Negativo Negativo | Negativo

3 7648 Urbana - Negativo | Negativo

4 6582 Urbana Negativo Positivo | Positivo Icterohaemorrhagiae

5 5210 Urbana Bataviae 100 Negativo | Negativo

6 5940 Urbana Negativo Negativo | Positivo Icterohaemorrhagiae

7 683 Urbana Negativo Negativo | Negativo

8 772 Urbana Negativo Positivo | Negativo

9 6266 Urbana Negativo Negativo | Negativo

10 | 000 Urbana R Negativo | Negativo

11 | 7591 Urbana Negativo Negativo | Negativo

12 | 6510 Urbana Pomona 200 Negativo | Negativo

13 | 9088 Urbana Pomona 100 Negativo | Negativo

14 | 9490 Urbana Shermani 100 Negativo | Negativo

15 | 2157 Urbana Negativo Negativo | Negativo

16 | 3920 | Urbana Shermani 200 | Positivo | Negativo

17 | 3874 Urbana Negativo Negativo | Negativo

18 | 3887 | Urbana Bataviae 200 | Positivo | Negativo

19 | 3867 Urbana Shermani 200 | Negativo | Negativo

20 | 3858 Urbana Negativo Positivo | Negativo

21 | 3889 Urbana Shermani 200 Negativo | Positivo Shermani

22 | Ipé Urbana Negativo Positivo | Negativo

23 | 8805 Urbana Negativo Positivo Negativo

24 | 3938 Rural Sejroe 100 Negativo Negativo

25 | 3891 Rural Negativo Positivo | 1Negativo

26 | 3876 Rural Pomona 200 - -

27 | 3941 Rural Pomona 200 - -

28 | 3947 Rural Icterohaemorrhagiae 100 - -

29 | 6549 Rural Negativo Positivo | Negativo

30 | 001 Rural Negativo Positivo | Positivo Icterohaemorrhagiae

31 | 5494 Rural Icterohaemorrhagiae 800 | Negativo | psitivo Icterohaemorrhagiae

32 | 8360 Rural Negativo Negativo | Negativo

33 | 5941 Rural Icterohaemorrhagiae 100 Positivo | Positivo Grippotyphosa

34 | 3902 Rural Icterohaemorrhagiae 100 Positivo | Positivo Icterohaemorrhagiae

35 | 8040 Rural Negativo Negativo | Negativo

36 | 3926 Rural Negativo Positivo | Positivo Icterohaemorrhagiae
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Apéndice A (cont.)

N D Local Sorologia - MAT Urina - Culturg Sorogrupagem
Sorogrupo Titulo | PCR Bacteriana
37 | 3940 Rural Negativo Negativo | Negativo
38 | 3861 Rural Negativo Negativo | Negativo
39 | 3868 Rural Sejroe 400 Negativo | Negativo
40 | 3871 Rural Negativo Negativo | Negativo
41 | 3916 Rural Pomona 100 Negativo | Negativo
42 | 3907 Rural - Negativo | Negativo
43 | 3946 Rural Australis 100 Negativo | Negativo
44 | 3948 Rural Negativo Negativo | Negativo
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Apéndice B. Ceva com bando de capivaras capturadas em ambiente urbano.

Apéndice C. Animal sendo contido no puca para posterior microchipagem.
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Apéndice D. Coleta de urina em capivara por meio da cistocentese com o auxilio do
ultrassom.

Apéndice E. Aparelho de ultrassom (Aloka, modelo SSD-500).
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Apéndice F. Colecdo de Leptospiras vivas mantidas em meio liquido EMJH.

5 6 7 8 9 10 11 12 CP CN Kb
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e

apéndice G. Resultado positivo (amostras 2, 3, 5, 6, 7, 10 e 11) em gel de agarose a
2% na PCR para o gene lipL32 utilizando os primers LipL32 45F e o
286R. CP: Controle positivo; CN: Controle negativo; Kb: quilobase.
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Apéndice H. Resultado positivo (amostras 28, 29 e 30) em gel de agarose a 2% na PCR
para o gene lipL32 utilizando os primers LipL32 45F e o 286R. CP:
Controle positivo; CN: Controle negativo; Ld: Ladder 1kb.
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RESUMO



ALBUQUERQUE. Narianne Ferreira de. Universidade Federal do Acre, setembro de 2016. O Papel das capivaras (Hydrochoerus hydrochaeris) como portadoras de leptospiras em área urbana e rural na Amazônia Ocidental. Orientadora: Luciana dos Santos Medeiros. A leptospirose em capivaras tem sido descrita geralmente baseada em evidências sorológicas, enquanto que a cultura bacteriana é pouco relatada. Na Amazônia Ocidental, ela se apresenta como endêmica e de alta soroprevalência em diferentes espécies de animais silvestres, domésticos e seres humanos. O presente estudo teve como objetivo investigar o papel das capivaras como portadoras de leptospiras em áreas urbanas e rurais na Amazônia Ocidental. Um total de 44 animais foram capturados e 41 amostras de sangue para sorologia e 41 amostras de urina para PCR e cultura bacteriana foram obtidas. Um total de 18/41 (43,9%) de soros foram reativos. A maioria dos títulos foram baixos, o que indica uma infecção crônica. A PCR foi positiva em 13/41 (31,7%) amostras. Foram recuperados oito isolados a partir de amostras de urina, seis deles pertenceram ao sorogrupo Icterohaemorrhagiae, um para Grippotyphosa e um para Shermani. Pode ser notado um elevado número de portadoras (pela PCR) e uma tendência para abrigar sorovares do sorogrupo Icterohaemorrhagiae. Estes resultados sugerem que as capivaras são infectadas por leptospiras. Em comparação com ratos, capivaras apresentam infecção, com títulos baixos e eliminação bacteriana a longo prazo, sendo assim ela pode estar agindo como reservatório dessa bactéria. 



Palavras-chaves: Isolamento, Roedores, Animais Selvagens.









































ABSTRACT



ALBUQUERQUE. Narianne Ferreira de. Universidade Federal do Acre, September 2016. The role of capybaras (Hydrochoerus hydrochaeris) as carriers of leptospires on periurban and rural areas on Western Amazon. Advisor: Luciana dos Santos Medeiros. Leptospirosis on capybaras has been described, usually based on serological evidences, while bacterial culture has been scarcely reported. It was reported to be endemic in Western Amazon, and high seroprevalence have been reported in different species, such as wildlife, domestic animals and human beings. The present study aimed to investigate the role of capybaras as carriers of leptospires on periurban and rural areas on Western Amazon. A total of 44 animals were trapped and 41 blood samples for serology and 41 urine samples for PCR and bacterial culture were obtained. A total of 18/41 (43.9%) of sera were reactive, and titres were generally low, indicating a chronic infection. PCR was positive on 13/41 (31.7%) samples, while a total of eight isolates could be recovered from urine samples, six of them belonging to serogroup Icterohaemorrhagiae, one to Grippotyphosa and one to Shermani. A high number of carriers (by PCR) and a tendency for harboring strains of serogroup Icterohaemorrhagiae could be noticed. Our results suggest that capybaras are infected by leptospires. In analogy to Norway rats, capybaras present chronic infection, with low titres and long-term bacterial shedding, and may be acting as reservoirs of that bacterium.



Keywords: Isolation, Rodents, Wildlife.
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The role of capybaras (Hydrochoerus hydrochaeris) as carriers of leptospires on periurban and rural areas on Western Amazon.
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[bookmark: _Toc465766662]1. Introduction



Leptospirosis is an infectious zoonotic disease determined by bacteria of Leptospira genus. It happens on well-defined rural and urban cycles (Haake and Levett, 2015). On the urban cycle of the disease, rodents, mainly but not exclusively Rattus norvegicus, are known as reservoirs of the bacterium. Other rodents have also been recognized as reservoirs, as Rattus rattus, Mus musculus (Fortes-Gabriel et al., 2016), and the wild species Cavia aperea (Monte et al., 2013), Arvicola sp., Crocidura sp., Talpa sp., Sorex sp., and Microtus sp. (Obiegala et al., 2016).

The capybara (Hydrochoerus hydrochaeris) is the largest living rodent in the world. It occurs on Latin America from Panama to Uruguay (García-Esponda and Candela, 2016). That species requires abundant and permanent water supply for its living (Alho and Rondon, 1987). Its role as reservoirs of other pathogens has been reported, as Toxoplasma sp. (Abreu et al., 2016), Trypanosoma sp. (Da Silva et al., 2016), and Rickettsia sp. (Monje et al., 2015). 

Leptospirosis on capybaras has been described on various regions of Brazil, usually based on serological evidences (Silva, et al., 2009; Chiacchio et al., 2014; Langoni, et al., 2016). In these studies, capybaras presented 26-41.2% of seropositivity, and serogroups Australis, Canicola, Tarassovi, Icterohaemorrhagiae and Pomona have been reported. Nevertheless, serology cannot be considered as a reliable tool for diagnosing the infection, since it may indicate simple exposure to the agent. The gold-standard diagnostic method, bacterial culture, has been scarcely reported on capybaras, and points out that species as a potential source of infection. The National Collection of Leptospires of Animal Origin (www.labv.uff.br) refers to only ten strains ever recovered from that rodent, being seven from serogroup Grippotyphosa (Marvulo et al., 2002), two from serogroup Shermani (S.A.Vasconcellos, personal communication) and a single one from serogroup Icterohaemorrhagiae (Jorge et al., 2012).

Amazon is the largest rain forest in the world and in the past decades human population has enormously increased in that region. It presents equatorial climate (Af and Am by Koeppen classification) and a close proximity between cities and forest (Saleska et al., 2016). Rio Branco is the biggest city on Western Amazon (population around 400,000) and is surrounded, by one side, by extent areas of Amazonian forest, and by the other side, by rural areas of cattle breeding. Leptospirosis was reported to be endemic in Western Amazon (Chiebao et al., 2015), and high seroprevalence have been reported in different species, such as wildlife and domestic animals (Jori et al., 2009; Furtado et al., 2015); and human beings (Donaires et al., 2012).

Considering this, the present study aimed to investigate the role of capybaras as carriers of leptospires on periurban and rural areas on Western Amazon. 



[bookmark: _Toc465766663]2. Material and Methods



Handling procedures agreed with Ethical Principles in Animal Research adopted by the Animal Ethic Committee of the Federal University of Acre (process number 23107.016723/2014-41) and were in full compliance with federal permits issued by the Brazilian Ministry of the Environment (License SISBIO number 44791-1).

[bookmark: _Toc465766664]2.1. Study Area



All the studied regions were located around Rio Branco, capital of the state of Acre, on Western Amazon. Periurban regions were represented by a borderline recently occupied area of the city, contiguous to Amazon forest. Rural regions comprised two different farms located 15 km from the city. In both areas, animals could circulate from the forest to the studied area. 



[bookmark: _Toc465766665]2.2. Animals



The capture of the animals was performed by corral-traps, with daily food. Upon entry into the trap, it was closed and the animals were mechanically contained in dip nets. After that, those animals were identified by microchip and anesthetized with azaperone (1.0 mg/kg), ketamine (12 mg/kg) and diazepam (0.1 mg/kg) intramuscularly (King et al., 2010). A total of 44 capybaras were captured, 21 from rural and 23 from periurban areas. All the captured animals were rigorously examined by veterinarians and no symptoms of clinical leptospirosis (acute disease) were observed. 



[bookmark: _Toc465766666]2.3. Sampling



From the 44 animals, three blood samples presented hemolysis and were not included in this study, one from rural and two from periurban areas. Thus, a total of 41 blood samples were studied. Sampling occurred by puncture of the femoral vein (Vacutainer®, BD, Franklin Lakes, NJ, USA), transported to the laboratory and centrifuged. Serum samples were labelled and stored in 1.5 mL microtubes (Eppendorf®, São Paulo, SP, Brazil) at -20º C to be tested as a batch. Three animals presented empty bladder and sampling of urine was not possible, one from rural and two from periurban areas. Thus, it was possible to obtain 41 urine samples, collected by cystocentesis that were chilled and transported to the laboratory in syringes. Aliquot of urine samples were used for bacteriological culturing and PCR. 



[bookmark: _Toc465766667]2.4. Serology (MAT)



For detection of anti-Leptospira antibodies, Microscopic Agglutination Test (MAT) was performed with a complete panel including 28 serovars representing 24 serogroups (from Institut Pasteur, Paris, France), according to international standards (OIE, 2014). Infective serogroup was considered to be that that presented the highest titre, and animals were considered as seroreactive when presented titres ≥100.



[bookmark: _Toc465766668]2.5. PCR



DNA was extracted from the urine using the Promega Wizard SV Genomic DNA Purification System® (Promega, Madison, USA). PCR methodology was performed as Hamond et al. (2014) and targets the lipL32 gene, which is referred to be present only in pathogenic leptospiras (lipL32_45F - 5'AAG CAT TAC TTG CGC TGG TG 3' and lipL32_286R - 5'TTT CAG CCA GAA CTC CGA TT 3').




[bookmark: _Toc465766669]2.6. Bacterial culturing and serological characterization of the isolates 



Few drops of urine were seeded into two tubes containing 5 mL of EMJH (BD Difco, Franklin Lakes, NJ, USA), and two tubes with 5 mL of EMJH supplemented with antimicrobial cocktail STAFF (EMJH-STAFF ; Loureiro et al., 2015) and two tubes containing 5 mL of Fletcher (BD Difco, Franklin Lakes, NJ, USA). Cultures were incubated at 28 ºC and evaluated by dark field microscopy weekly for 30 weeks.

Obtained isolates were tested by Microscopic Agglutination Test (MAT), against a panel of rabbit antisera of 32 reference serovars representing 24 serogroups (provided by Royal Tropical Institute - KIT, Amsterdam), as recommended (Haake and Levett, 2015).



[bookmark: _Toc465766670]2.7. Statistics 



The statistical analysis was performed using SPSS version 20 (SPSS Inc., Chicago, IL, USA). Serological and molecular data were treated by Chi-square test and Fisher's exact test. A value of P˂0.05 was considered statistically significant.

[bookmark: _Toc465766671]3. Results and Discussion



[bookmark: _Toc465766672]3.1. Serology (MAT)



A total of 18/41 (43.9%) of sera were reactive. Reactivity was 10/20 (50%) on rural areas and 8/21 on periurban areas (38.1%), a non-significant difference. Seroreactivity was very similar than that described in a recent study (Langoni et al., 2016) conducted in capybaras from commercial and experimental breeding facilities in Southeast region, Brazil (41.3%). In contrast, a study conducted in free-ranging capybaras from a park in São Paulo, Southeast of Brazil reported a seroreactivity level of 26% (Chiacchioe et al., 2014), while another one reported seroprevalence of 27.3% in capybaras from a slaughterhouse in South region, Brazil (Silva et al., 2009). Noteworthy that, due to the paucity of studies regarding leptospirosis in capybaras, a wide comparison with the literature is difficult to perform.

Amazonian environmental conditions are highly favorable for maintenance of leptospires (Jori et al., 2009). Thus, it was not surprising the high seroreactivity observed in animals of the present study, as well as in other studies conducted in wildlife and domestic species from Amazon biome, such as collared peccary (Tayassu tajacu - 86.4%), maned wolves (Chrysocyon brachyurus - 75.0%), manatees (Trichechus inunguis - 31.1%), cattle (73.6%) and dogs (37.5%) (Deem and Emmons, 2005; Jori et al., 2009; Mathews et al., 2012; Furtado et al., 2015).

Except for two rural animals, that presented titres of 800 and 400, what probably indicates recent infection, titres were generally low, indicating a chronic infection. Half of the reactive sera presented titres of 100, while 38.9% presented titres of 200. In this context, a massive presence of asymptomatic capybara with low titres in the present study was not an unexpected result. 

In relation to the serogroup distribution at MAT, Shermani, Pomona, and Icterohaemorrhagiae were predominant, although reactions against Bataviae and Australis were also detected. On rural areas, Icterohaemorrhagiae was predominant, while on periurban reactions against Pomona and Shermani were the most common. Despite the slight predominance of some serogroups, those differences were also non-significant. It is important do highlight that there is no consensus of predominant serogroups reported by serology in capybaras worldwide. In general, independently of studied scenario (urban, rural, free-ranging animals), a wide gamma of serogroups is reported, impairing comparisons. Additionally, the majority of those studies occurred by convenience sampling, using a non-representative population of animals. Thus, inferences regarding predominant serogroups in studied regions are very limited. Despite that, in Peru the most frequent serogroups reported in capybaras were Sejroe, Grippothyphosa, Mini, Canicola, Ballum and Pyrogenes (Cueva et al., 2010; Muñoz et al., 2014); while in Brazil were Icterohaemorrhagiae, Australis, Pomona, Djasiman and Castellonis (Silva et al., 2009; Langoni et al., 2016).



[bookmark: _Toc465766673]3.2. Urinary PCR



Considering the 41 urine samples, 13 were positive (31.7%), being seven from periurban (53.8%) and six from rural animals (46.2%), once more a non-significant result. Those results indicate that those animals may be acting as important carriers of that bacterium in both areas, being source of infection to environment and other species. In the present study, we observed that seroreactivity presented low correlation between positivity in urinary PCR. That phenomenon also occurs in domestic animals, and seems to be common in leptospirosis (Hamond et al., 2014).




[bookmark: _Toc465766674]3.3. Bacterial culturing and serological characterization of the isolates 



A total of eight isolates could be recovered from urine samples (19.5%), five (62.5%) from periurban and three (37.5%) from rural areas, a non-significant difference. Serogrouping of the isolates identified six of them as belonging to serogroup Icterohaemorrhagiae (75%), one to serogroup Grippotyphosa (12.5%) and one to serogroup Shermani. Even using selective media, recovery of Leptospira is a laborious and low sensitive technique (Haake and Levett, 2015). Additionally, under field conditions that sensitivity seems to be severally impaired (Loureiro et al., 2015). Thus, the high rate of leptospires recovered from urine samples in the present study is a remarkable outcome, since it represents an advance for epidemiological interpretations. 

It is also remarkable the massive recovery of isolates belonging to serogroup Icterohaemorrhagiae in both areas. It is well-known that Norway rats play an important role as reservoir of strains from that serogroup in urban scenarios (Panti-May et al., 2016). Nevertheless, the real role of other rodents, including capybaras, as carriers of leptospires in rural or free-ranging scenarios remains to be elucidated. Recently, another study conducted in South of Brazil reported the isolation of a strain of that serogroup in a capybara admitted to the Wildlife Rehabilitation Nucleus (Jorge et al., 2012), what may reinforce the concept of capybaras as reservoirs of that leptospiral strain.  




[bookmark: _Toc465766675]3.4. Final considerations 



It is interesting to highlight that, considering serology, bacterial culture and PCR results there was no significant difference between periurban or rural animals. It suggests that, rather than an environmental occasional contamination, capybaras are probably adapted to those strains, acting as asymptomatic reservoirs of leptospires in both ecological scenarios. Moreover, a high number of carriers (by PCR) and a tendency for harboring strains of serogroup Icterohaemorrhagiae could be noticed. 

Despite the lack of information regarding the pathogenesis of leptospirosis in capybaras, an outstanding study succeeded on determining experimental infection with serovar Pomona (Marvulo et al., 2009). In that study the authors confirm the susceptibility of capybaras to leptospiral infection, and the absence of acute clinical signs, suggesting that animal as a chronic reservoir of leptospires.

Rattus norvegicus are well recognized as reservoirs of Icterohaemorrhagiae strains (Panti-May et al., 2016). They generally present chronic infection, with low titres and long-term bacterial shedding (Fortes-Gabriel, 2016). Although determined for Norway rats, our results suggest that those assumptions seem to be also applicable to capybaras. Unfortunately, there is scarce knowledge about the molecular and immunological mechanisms of that adaptability, and their real mechanisms remain to be elucidated. 




[bookmark: _Toc465766676]4. Conclusions



It has been demonstrated that capybaras are massively infected by leptospires and shed those agents on the environment, both on rural and periurban regions of Western Amazon. Predominance for strains of serogroup Icterohaemorrhagiae was observed, and an important role of those animals as reservoirs of leptospires is suggested. 
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Apêndice A – Tabela com o resultado sorológico (MAT),molecular (PCR) e cultura bacteriana de capivaras oriundas de área urbana e rural na Amazônia Ocidental, Brasil.

		N

		ID

		Local

		Sorologia – MAT

		Urina -  PCR

		Cultura Bacteriana

		Sorogrupagem



		

		

		

		Sorogrupo

		Título

		

		

		



		1

		521

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		2

		1505

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		3

		7648

		Urbana

		-

		

		Negativo

		Negativo

		



		4

		6582

		Urbana

		Negativo

		

		Positivo

		Positivo

		Icterohaemorrhagiae



		5

		5210

		Urbana

		Bataviae

		100

		Negativo

		Negativo

		



		6

		5940

		Urbana

		Negativo

		

		Negativo

		Positivo

		Icterohaemorrhagiae



		7

		683

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		8

		772

		Urbana

		Negativo

		

		Positivo

		Negativo

		



		9

		6266

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		10

		000

		Urbana

		-

		

		Negativo

		Negativo

		



		11

		7591

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		12

		6510

		Urbana

		Pomona

		200

		Negativo

		Negativo

		



		13

		9088

		Urbana

		Pomona

		100

		Negativo

		Negativo

		



		14

		9490

		Urbana

		Shermani

		100

		Negativo

		Negativo

		



		15

		2157

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		16

		3920

		Urbana

		Shermani

		200

		Positivo

		Negativo

		



		17

		3874

		Urbana

		Negativo

		

		Negativo

		Negativo

		



		18

		3887

		Urbana

		Bataviae

		200

		Positivo

		Negativo

		



		19

		3867

		Urbana

		Shermani

		200

		Negativo

		Negativo

		



		20

		3858

		Urbana

		Negativo

		

		Positivo

		Negativo

		



		21

		3889

		Urbana

		Shermani

		200

		Negativo

		Positivo

		Shermani



		22

		Ipê

		Urbana

		Negativo

		

		Positivo

		Negativo

		



		23

		8805

		Urbana

		Negativo

		

		Positivo

		Negativo

		



		24

		3938

		Rural

		Sejroe

		100

		Negativo

		Negativo

		



		25

		3891

		Rural

		Negativo

		

		Positivo

		Negativo

		



		26

		3876

		Rural

		Pomona

		200

		-

		-

		



		27

		3941

		Rural

		Pomona

		200

		-

		-

		



		28

		3947

		Rural

		Icterohaemorrhagiae

		100

		-

		-

		



		29

		6549

		Rural

		Negativo

		

		Positivo

		Negativo

		



		30

		001

		Rural

		Negativo

		

		Positivo

		Positivo

		Icterohaemorrhagiae



		31

		5494

		Rural

		Icterohaemorrhagiae

		800

		Negativo

		Positivo

		Icterohaemorrhagiae



		32

		8360

		Rural

		Negativo

		

		Negativo

		Negativo

		



		33

		5941

		Rural

		Icterohaemorrhagiae

		100

		Positivo

		Positivo

		Grippotyphosa



		34

		3902

		Rural

		Icterohaemorrhagiae

		100

		Positivo

		Positivo

		Icterohaemorrhagiae



		35

		8040

		Rural

		Negativo

		

		Negativo

		Negativo

		



		36

		3926

		Rural

		Negativo

		

		Positivo

		Positivo

		Icterohaemorrhagiae










Apêndice A (cont.)



		N

		ID

		Local

		Sorologia – MAT

		Urina -  PCR

		Cultura Bacteriana

		Sorogrupagem



		

		

		

		Sorogrupo

		Título

		

		

		



		37

		3940

		Rural

		Negativo

		

		Negativo

		Negativo

		



		38

		3861

		Rural

		Negativo

		

		Negativo

		Negativo

		



		39

		3868

		Rural

		Sejroe

		400

		Negativo

		Negativo

		



		40

		3871

		Rural

		Negativo

		

		Negativo

		Negativo

		



		41

		3916

		Rural

		Pomona

		100

		Negativo

		Negativo

		



		42

		3907

		Rural

		-

		

		Negativo

		Negativo

		



		43

		3946

		Rural

		Australis

		100

		Negativo

		Negativo

		



		44

		3948

		Rural

		Negativo

		

		Negativo

		Negativo
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Apêndice B. Ceva com bando de capivaras capturadas em ambiente urbano.
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Apêndice C. Animal sendo contido no puçá para posterior microchipagem.
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Apêndice D. Coleta de urina em capivara por meio da cistocentese com o auxílio do ultrassom.
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Apêndice E. Aparelho de ultrassom (Aloka, modelo SSD-500).
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Apêndice F. Coleção de Leptospiras vivas mantidas em meio líquido EMJH.
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apêndice G. Resultado positivo (amostras 2, 3, 5, 6, 7, 10 e 11) em gel de agarose a 2% na PCR para o gene lipL32 utilizando os primers LipL32 45F e o 286R. CP: Controle positivo; CN: Controle negativo; Kb: quilobase.
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Apêndice H. Resultado positivo (amostras 28, 29 e 30) em gel de agarose a 2% na PCR para o gene lipL32 utilizando os primers LipL32 45F e o 286R. CP: Controle positivo; CN: Controle negativo; Ld: Ladder 1kb.
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