Research, Society and Development, v. 9,

n. 10, e6429108903, 2020

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Prevalence and risk factors for human leptospirosis in a rural district of Pelotas, a city

in southernmost Brazil

Prevaléncia e fatores de risco para leptospirose humana em um distrito rural de Pelotas,

municipio do extremo sul do Brasil

Prevalencia y factores de riesgo para la leptospirosis humana en un distrito rural de

Pelotas, una ciudad en el extremo sur de Brasil

Received: 09/29/2020 | Reviewed: 10/10/2020 | Accept: 10/10/2020 | Published: 10/12/2020

ORCID:

Gilmar Batista Machado
https://orcid.org/0000-0002-2168-6676
Universidade Federal de Pelotas, Brasil

E-mail: gilmar.machado84@hotmail.com

ORCID:

ORCID:

ORCID:

ORCID:

ORCID:

Amilton Clair Pinto Seixas Neto
https://orcid.org/0000-0003-2003-4980
Universidade Federal de Pelotas, Brasil

E-mail: amiltonseixas@gmail.com

Tanise Pacheco Fortes
https://orcid.org/0000-0002-3175-1718
Universidade Federal de Pelotas, Brasil

E-mail: tanisefortes@gmail.com
Caroline Dewes
https://orcid.org/0000-0002-7404-0975
Universidade Federal de Pelotas, Brasil
E-mail: caroldewesvet@hotmail.com
Sibele Borsuk
https://orcid.org/0000-0003-1774-0059
Universidade Federal de Pelotas, Brasil
E-mail: sibeleborsuk@gmail.com
Flavia Aleixo Vasconcellos
https://orcid.org/0000-0003-4174-3321
Universidade Federal de Pelotas, Brasil

E-mail: aleixo.fv@gmail.com




Research, Society and Development, v. 9, n. 10, €6429108903, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Samuel Rodrigues Felix

ORCID: https://orcid.org/0000-0002-2724-692X

Instituto Federal de Educacéo, Ciéncia e Tecnologia Sul-rio-grandense, Brasil
E-mail: samuelrf@gmail.com

Everton Fagonde da Silva

ORCID: https://orcid.org/0000-0002-4226-7235

Universidade Federal de Pelotas, Brasil

E-mail: fagondee@gmail.com

Abstract

Leptospirosis is one of the most widespread zoonosis in the world. In humans, the disease is
responsible for more than a million cases annually. The purpose of this study was to assess
human seroprevalence to leptospirosis in a rural community of southernmost Brazil.
Furthermore, we assess possible epidemiological cues associated with seroprevalence. A total
of 216 individuals were enrolled in the study. With an overall seroprevalence of 21.3%
(n=46), to at least one of the 12 antigens tested. Seroreactivity was associated with 13 of the
investigated cues, including those associated with the individuals, their behavior,
environment, domestic animals, and synanthropic rodents. While seroprevalence was not
particularly high when compared to other studies in similar populations, some of the risk
factors associated with the disease are easy to circumvent, and indications for policymakers
and future studies are made within.

Keywords: Leptospira; MAT; Serology; Zoonosis; Neglected disease.

Resumo

A leptospirose é uma das zoonoses mais difundidas no mundo. Em humanos, a doenca é
responsavel por mais de um milh&o de casos anualmente. O objetivo deste estudo foi avaliar a
soroprevaléncia humana para leptospirose em uma comunidade rural do extremo sul do
Brasil. Além disso, avaliamos possiveis pistas epidemioldgicas associadas a soroprevaléncia.
Um total de 216 individuos foram incluidos no estudo. Com uma soroprevaléncia geral de
21,3% (n = 46), para pelo menos um dos 12 antigenos testados. A sororeatividade foi
associada a 13 dos fatores de risco investigados, incluindo aqueles associados aos individuos,
seu comportamento, ambiente, animais domésticos e roedores sinantrépicos. Embora a

soroprevaléncia nao tenha sido particularmente alta quando comparada a outros estudos em
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populacbes semelhantes, alguns dos fatores de risco associados a doenca sdo faceis de
contornar e sdo feitas indicacBes para formuladores de politicas e estudos futuros.
Palavras-chave: Leptospira; MAT; Sorologia; Zoonose; Doenca negligenciada.

Resumen

La leptospirosis es una de las zoonosis méas extendidas en el mundo. En los seres humanos, la
enfermedad es responsable de més de un millon de casos al afio. EI propdsito de este estudio
fue evaluar la seroprevalencia humana a la leptospirosis en una comunidad rural del extremo
sur de Brasil. Ademas, evaluamos posibles sefiales epidemioldgicas asociadas con la
seroprevalencia. Se inscribieron en el estudio un total de 216 personas. Con una
seroprevalencia global del 21,3% (n = 46), para al menos uno de los 12 antigenos analizados.
La seropositividad se asocio con 13 de las sefiales investigadas, incluidas las asociadas con
los individuos, su comportamiento, medio ambiente, animales domesticos y roedores
sinantropicos. Si bien la seroprevalencia no fue particularmente alta en comparacion con otros
estudios en poblaciones similares, algunos de los factores de riesgo asociados con la
enfermedad son féciles de eludir, y las indicaciones para los legisladores y los estudios
futuros se realizan en el mismo.

Palabras clave: Leptospira; MAT; Serologia; Zoonosis; Enfermedad desatendida.

1. Introduction

Leptospirosis is a zoonotic bacterial disease of global distribution, particularly
prevalent in tropical and subtropical climates. The causative agents are pathogenic bacteria of
the Leptospira genus, with over 300 described serovars (Adler, 2015). Transmission occurs
through contact with infected animals, their urine or tissues, or indirectly through contact with
water or soil contaminated by these (Hartskeerl et al., 2011).

Leptospirosis is considered an emerging, neglected disease, of public health concern,
with more than 870 thousand severe human cases every year, and ~49 thousand deaths
annually (Picardeau et al., 2014). In the state of Rio Grande do Sul, the southernmost state in
Brazil, leptospirosis is particularly burdensome, with an average of 428 cases notified
annually (Schneider et al., 2015). True incidence is unknown however, since under diagnosis
and under notification is common, especially in low income and/or rural communities, exactly

the population considered to be at most risk, due to the occupational aspect of the disease.
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Leptospirosis occurs disproportionately in people who practice certain activities or
occupations. People working in mines, slaughterhouses, sewers, and farmers and field
workers are at particular risk (Benschop et al., 2009). Farmers bring together a series of
occupational risks to leptospirosis, such as exposure to water, to humid soils, and to animals,
during their daily activities (Chadsuthi et al., 2017). Besides the more obvious direct infection
routes affecting these workers, such as bovine to human (Assenga et al. 2015), wild animals
also play a role in rural communities. According to Schneider and co-workers (2015), rural
populations in Rio Grande do Sul state are eight times more likely to contract leptospirosis
than urban populations, especially those associated with the tobacco and rice production
industries.

In this light, the purpose of this study was to assess the prevalence of anti-Leptospira
spp. antibodies in a rural community of the city of Pelotas, Rio Grande do Sul state, Brazil.
Furthermore, we assess possible epidemiological cues associated with seroprevalence.

2. Material and Methods

2.1. Study setting and population

In this work, we carried out a cross-sectional observational study (Thrusfield, 2007) of
a guantitative nature (Pereira et al., 2018). Participants of the cross-section study were those
living in the rural community of Cerrito Alegre (Third district of the city of Pelotas, RS;
31°32°12”S, 52°21°51”W). To be included in the study, participants had to be residents of the
third district, over 18 years old, and agree to participate (signing an informed consent). No
exclusion criteria were applied, once the inclusion criteria were met. The study was submitted
to, evaluated and approved by the ethics committee of the university's school of medicine
(CEP/Faculdade de medicina/UFPel, protocol number 1.352.717). According to the 2010
census, Cerrito Alegre has a population of 3074 residents (IBGE 2010). Sample size was
calculated considering a confidence of 95% and an expected seroprevalence of 18.5%, for a

required minimum of 216 participants.
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2.2. Blood sampling

Blood harvesting was carried out by able professional (either a nurse or a physician),
with sterile, disposable material, in collection tubes free of anti-coagulants. After harvesting
sera were separated through centrifugation, and stored at -20 °C until use.

2.3. Microscopic agglutination test (MAT)

The MAT was carried out as recommended (WHO, 2003), and previously described.
Briefly, Leptospira spp. strains were cultured in liquid EMJH (Difco) media, at 29 °C, and
subcultured every seven days. To use in the MAT, cultures were standardized at 1-2 x 108
cells/mL. Serum samples were initially diluted at 1:12.5 in sterile saline, these were incubated
with the antigen at a proportion of 1:1 (for a trial titer of 1:25), for two hours at 29 °C. Over
50% agglutination, when compared to control, was considered positive. Positive sera were
then re-tested at serial titers, from 1:25 to 1:3,200. Leptospira species, serovar, and strains,
used in this study can be seen on Table 1.

2.4. Questionnaire and Statistics

Individuals sampled were asked to answer a questionnaire regarding possible risk
factors to leptospirosis. Questions regarding the individuals, their behavior, environment,
domestic animals, and synanthropic rodents can be seen on Table 2. All statistics were carried
out on the Statistical Package for the Social Sciences (SPSS), version 22.0; or on Epiinfo 7. A
two tailed Fischer exact test was used to compare exposure and outcome in 2x2 tables. A

power of 95% was used, with p values of 0.05 or less considered statistically relevant.

3. Results and Discussion

From October 2015 to July 2016, a total of 216 residents of Cerrito accepted to
participate in this study. Blood samples were harvested, and all of them answered the
epidemiological questionnaire.

Of the sampled individuals, 83 (38.43%) were men, and 133 (61.57%) were women.
Of the 216 samples, 46 (21.29%) were seropositive for at least one antigen, at a trial titer of

1:25. Results regarding seroreactivity can be seen in full on Table 1.
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Regarding possible risk factors to seroreactivity, environmental issues, such as
flooding of the residence (PR: 5.30 - p<0.05); factors regarding the presence of rodents, such
as their access to animal fodder (PR: 3.74 - p<0.01); and behavior issues, such as cleaning the
water reservatory tank (PR: 3.74 - p<0.01), were all associated with seroreactivity, among
others. Full results regarding risk factors for seroreactivity can be seen on Table 2.

Table 1. Antigen list used for the MAT, and results, with titers.

Results and titers

Serovars® Total %
25 50 100 200 400 800

Australis 2 - 2 - 1 1 6 13,0
Ballum 5 2 2 - - - 9 19,6
Canicola 3 2 3 - - - 8 17,4
Copenhageni 5 1 1 - - - 7 15,2
Hardjo 3 1 - - - - 4 8,7
Pomona - 2 - - - - 2 4,3
Patoc 6 - - - - - 6 13,0
Pyrogenes - 1 - - - - 1 2,2
Ballum/Copenhageni® - 1 - - - - 1 2,2
Australis/Pyrogenes® 1 1 - - - - 2 4,3
Total 25 11 8 - 1 1 46 100

®When coagglutination occurred, the serovar reacting at the highest titer was considered.
bSerovars assessed that did not react: Autumnalis, Bataviae, Grippotyphosa, and Icterohaemorrhagiae.
“Coagglutination at the highest titer. Source: This study.

In a rural district of Pelotas, southernmost Brazil, this study found an overall
seroprevalence for human leptospirosis of 21.3% (46 of 216) with titers varying from 25 to
800. Pelotas is unique in its diversity of Leptospira species and serovars circulating in its
animal and human population (Silva et al., 2008, Silva et al., 2009, Silva et al., 2010, Cunha
et al., 2016). Nonetheless, serological assessments in humans are few and far between, and
none have been undertaken in rural populations, with most epidemiological information
regarding notified cases (Schneider et al., 2015). In this light, the randomized sample of
apparently healthy individuals found herein allows for a hereto unseen report on Leptospira

spp. seroreactivity in these populations.
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In our study, Ballum and Canicola were the most frequent reacting serovars (19.6%
and 17.4% of all the positive sera, respectively). Curiously, these were the two serovars in the
test panel that were replaced with local isolates: Canicola/Kito (Silva et al., 2008) and
Ballum/4E (Silva et al., 2010).

Table 2. Epidemiological cues assessed and risk factor description for seroreactivity to anti-
Leptospira antibodies in a rural district of the city of Pelotas (RS).
Variable Answer Total Reactive % P.R. C.12

Variables regarding the individuals, their home, and their environment
Yes 112 30 26.8 2.0 1.0-3.9**
No 104 16 154
Yes 119 34 286 2.8 1.3-5.8*

Cleaning grease trap

Cleaning water tank

No 97 12 12.4
o Yes 79 24 304 23 1.2-4.4**
Fishing

No 137 22 16.0

) Yes 7 4 571 53  1.1-24.6**

House prone to flooding

No 209 42 20.1

Yes 34 24 706 17.0  7.1-40.5*

House in humid location
No 170 21 12.3

Yes 124 21 169 0.2 0.09-0.4*
Fenced vegetable garden

No 46 23 50
Variables regarding domestic animals and synanthropic rodents

Yes 68 23 338 27 1.4-5.4*
Cats inside the house

No 148 23 155
Livestock fed with Yes 97 10 10.3 0.2 0.1-0.5*
concentrated fodder No 115 36 31.3
Livestock graze in humid Yes 34 24 70.6 17.0 7.1-40.5*
fields No 170 21 12.3

) ) ) Yes 156 20 128 0.2 0.09-0.4*

Livestock graze in Dry fields

No 59 26 44.1
Animal access to fodder Yes 17 11 64.7 8.5 2.9-24.5*
storage No 197 35 17.7
Presence of rodents in Yes 49 20 40.8 3.7 1.8-7.6*
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animal fodder No 167 26 15.6
Yes 161 43 26.7 6.3 1.8-21.3*
No 55 3 5.4

Routine rodent control

#p value calculated using a two tailed exact Fischer test: * p<0.01; ** p<0.05.
P.R. = Prevalence Ratio; C.l. = Confidence Interval 95%.
Source: This study.

The use of local isolates in screening panels has been shown to increase the sensitivity
of MAT (Faine et al 1999). Furthermore, these serovars are associated with domestic and
synanthropic animals (Canicola with dogs and Ballum with rodents)(Bharti et al., 2003),
present in most of the participants homes.

Schneider and co-workers (2015) indicate rice and tobacco cultures as possible risk
factors for leptospirosis in Rio Grande do Sul state, common activities in the studied region,
especially tobacco, which is appropriate for the small agricultural units of Cerrito Alegre.
Furthermore, we found that use of animal feed, rodents in the animal fodder, loose control
over access to animal fodder (animal access), and frequent rodent control measures were
associated with seroreactivity in humans (Table 2). Needless to say, rodents are the most
common species’ associated with human leptospirosis (Zacarias et al., 2008), and the high
Ballum seroreactivity, compared to other serovars, supports synanthrpic rodents as the
foremost maintenance hosts in the region.

Contact with water through fishing; cleaning water tanks; and cleaning grease traps,
were also associated with seroreactivity. In line with this, the residence being prone to
flooding, and the high humidity of fields where the livestock are kept were also associated
with seroreactivity (Table 2). All these water related risk factors were expected, as these
bacteria are easily carried by water, where they can survive for long periods of time (Caminiti
et al., 2011). Nonetheless, orientation towards prevention of the disease seldom regards
household chores, such as cleaning water tanks, as important risk factors, and the population
of these rural communities usually undertakes these activities without specialized help or
appropriate equipment. Policymakers should therefore be advised to emphasize the need of
protective equipment whenever handling these materials.

Most of the houses where people were interviewed had vegetable gardens. If these
were fenced, or otherwise isolated from animals, a protection from seroreactivity to
leptospirosis was observed (Table 2). This is likely due to the manipulation of humid soil,
which can be a risk factor if dogs, or other animals have urinated on it, since Leptospira spp.

can survive in these conditions, especially in gardens where the pH of soil is often corrected
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to numbers that favor bacterial survival (pH ~6,2)(Acha et al., 2003, Khairani-Bejo et al.,
2014). Likewise, the presence of cats was expected to be a protection factor, since previous
studies have described it as such, however, our findings reveal the contrary in the studied
population, where housed cats were, in fact, a risk factor (Table 2). Cats are known to suffer
from leptospirosis, sometimes with relatively high seroprevalence (25.2%)(Azécar-Aedo et
al., 2014), but clean habits usually prevent them from transmitting the disease to humans.
Nonetheless, these animals may be carrying rodents into the houses, or exposing their owners
in other fashions, yet to be revealed.

General seroprevalence was relatively average, compared to similar studies in similar
settings which have found both lower (12.2%)(Escadon-Vargas et al., 2017) and higher
(34.8%)(Samsudin et al., 2015) seroprevalence. Nonetheless, measures to control the disease
are essential and should be undertaken. Policymakers that work with rural populations should

emphasize the use of protective equipment when handling water, soil, and animals.

4. Conclusion

In the conditions of this study, rural populations in the city of Pelotas (residents of the
third district) have a general seroprevalence of 21.3% to leptospirosis. Further studies in
different settings and sustained surveillance in these populations are also recommended to aid

control and reduce leptospirosis cases.

Declaration of Interest

The authors report no conflict of interest. The authors alone are responsible for the

content and writing of paper.

Acknowledgments

We are grateful to staff at the Centro de Saude (Cerrito Alegre, Pelotas, RS) for all the
assistance. This study was financed by the Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior - Brasil (CAPES), Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq), and Fundagdo de Amparo a Pesquisa do Estado do Rio Grande do Sul
(FAPERGS).




Research, Society and Development, v. 9, n. 10, €6429108903, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Referéncias

Adler, B. (2015). Leptospira and leptospirosis. Current Topics in Microbiology and
Immunology, 387, 293.

Assenga, J. A., Matemba, L. E., Muller, S. K., Mhamphi, G. G., & Kazwala, R. R. (2015).
Predominant Leptospiral Serogroups Circulating among Humans, Livestock and Wildlife in
Katavi-Rukwa Ecosystem, Tanzania. PLoS Neglected Tropical Diseases, 9, 3.

Azbcar-Aedo, L., Monti, G., & Jara, R. (2014). Leptospira spp. in domestic cats from
different environments: prevalence of antibodies and risk factors associated with the
seropositivity. Animals, 4, 612-626.

Benschop, J., Heuer, C., Jaros, P., Collins-Emerson, J., Midwinter, A., & Wilson, P. (2009).
Sero-prevalence of leptospirosis in workers at a New Zealand slaughterhouse. New Zealand
Medicine Journal, 122, 39-47.

Bharti, A.R., Nally, J. E., Ricaldi, J. N., Matthias, M. A., Diaz, M. M., Lovett, M. A., Levett,
P. N., Gilman, R. H., Willig, M. R., Gotuzzo, E., & Vinetz, J. M. (2003). Leptospirosis: a
zoonotic disease of global importance. Lancet Infectious Diseases, 3, 757-771.

Caminiti, T. R., Romani, R. F., Wong, C. P., & Alarcon, V. J. (2011). Préacticas laborales de
riesgo en cultivadores de arroz del valle del Alto Mayo, Regidén San Martin, Perd. Revista

Peruana de Epidemiologia, 15, 6.

Chadsuthi, S., Bicout, D. J., Wiratsudakul, A., Suwancharoen, D., Petkanchanapong, W.,
Modchang, C., Triampo, W., Ratanakorn, P., & Chalvet-Monfray, K. (2017). Investigation on
predominant Leptospira serovars and its distribution in humans and livestock in Thailand,
2010-2015. PLoS Neglected Tropical Diseases, 11, 2.

Cunha, C. E. P, Felix, S. R., Seixas Neto, A. C. P., Felix, A. C., Kremer, F. S., Monte, L. G.,

Amaral, M. G., Nobre, M. O,, Silva, E. F., Hartleben, C. P., McBride, A. J. A., & Dellagostin,
0. A. (2016). Infection with Leptospira kirschneri Serovar Mozdok: First Report from the

10




Research, Society and Development, v. 9, n. 10, €6429108903, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Southern Hemisphere. The American Journal of Tropical Medicine and Hygiene, 94, 519-
521.

Escaddn-Vargas, K., Osorio, L., & Astudillo-Hernandez, M. (2017). Seroprevalence and
factors associated with Leptospira infection in an urban district of Cali, Colombia. Cadernos
de Saude Publica, 33, 1-14.

Faine, S. B., Adler, B., Bolin, C., & Perolat, P. (1999). Leptospira and leptospirosis. 2nd
edition. Melbourne, Australia: MediSci.

Hartskeerl, R. A., Collares-Pereira, M., & Ellis, W.A. (2011). Emergence, control and re-
emerging leptospirosis: dynamics of infection in the changing world. Clinical Microbiology
and Infection, 17, 494-501.

IBGE (2010). Instituto Brasileiro de Geografia e Estatistica. Retrieved from
https://lww2.ibge.gov.br/home/estatistica/populacao/censo2010/sinopse/sinopse_tab_brasil_zi
p.shtm.

Khairani-Bejo S., Bahaman, A. R., Zamri-Saad, M., & Mutalib, A. R. (2004). The survival of
Leptospira interrogans serovar Hardjo in the Malaysian environment. Journal of Animal and
Veterinary Advances, 3, 123-129.

Pereira, A. S., Shitsuka, D. M., Parreira, F. J., & Shitsuka, R. (2018). Metodologia da
pesquisa cientifica. [e-book]. Santa Maria. Ed. UAB/NTE/UFSM. Retrieved from
https://repositorio.ufsm.br/bitstream/handle/1/15824/Lic_Computacao_Metodologia-

Pesquisa-Cientifica.pdf?sequence=1

Picardeau, M., Bertherat, E., Jancloes, M., Skouloudis, A. N., Durski, K., & Hartskeerl, R. A.
(2014). Rapid tests for diagnosis of leptospirosis: current tools and emerging technologies

Diagnostic. Microbiology and Infectious Diseases, 78, 1-8.

Samsudin, S., Masri, S. N., Jamaluddin, T. Z. M. T., Saudi, S. N. S., Ariffin U. K. M.,
Namran, F., & Osman, M. (2015). Seroprevalence of Leptospiral Antibodies among Healthy
Municipal Service Workers in Selangor. Advances in Public Health, 2015, 1-6.

11



https://repositorio.ufsm.br/bitstream/handle/1/15824/Lic_Computacao_Metodologia-Pesquisa-Cientifica.pdf?sequence=1
https://repositorio.ufsm.br/bitstream/handle/1/15824/Lic_Computacao_Metodologia-Pesquisa-Cientifica.pdf?sequence=1

Research, Society and Development, v. 9, n. 10, €6429108903, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Schneider, M. C. Najera, P., Pereira, M. M., Machado, G., Anjos, C. B., Rodrigues, R. O.,
Cavagni, G. M., Muiioz-Zanzi, C., Corbellini, L. G., Leone, M., Buss, D. F., Aldighieri, S., &
Espinal, M. A. (2015). Leptospirosis in Rio Grande do Sul, Brazil: An Ecosystem Approach
in the Animal- Human Interface. PLoS Neglected Tropical Diseases, 9, 11.

Silva, E.F., Santos, C.S., Athanazio, D.A., Seyffert, N., Seixas, F. K., Cerqueira, G. M.,
Fagundes, M. Q., Brod, C. S., Reis, M. G., Dellagostin, O. A., & Ko, A. I. (2008).
Characterization of virulence of Leptospira isolates in a hamster model. Vaccine, 26, 3892-
3896.

Silva, E. F., Cerqueira, G. M., Seyffert, N., Seixas, F. K., Hartwig, D. D., Athanazio, D. A.,
Pinto, L. S., Queiroz, A., Ko, A. I., Brod, C. S., & Dellagostin, O. A. (2009). Leptospira
noguchii and Human and Animal Leptospirosis, Southern Brazil. Emerging Infectious
Disease, 15, 621-623.

Silva, E. F., Félix, S. R., Cerqueira, G. M., Fagundes, M. Q., Seixas Neto, A. C. P.,
Grassmann, A. A., Amaral, M. G., Gallina, T., & Dellagostin, O. A. (2010). Preliminary
Characterization of Mus musculus-Derived Pathogenic Strains of Leptospira borgpetersenii
Serogroup Ballum in a Hamster Model. The American Journal of Tropical Medicine and
Hygiene, 83, 336-337.

Thrusfield, M. (2007). Veterinary Epidemiology. (3rd ed.), Blackwell Science, Oxford.

WHO. World Health Organization (2003). Human leptospirosis: guidance for diagnosis,

surveillance and control, Malta.
Zacarias, F. G. S., Vasconcellos, S. A., Anzai, E. K., Giraldi, N., Freitas, J. C., & Hartskeerl,

R. (2008). Isolation of Leptospira Serovars Canicola and Copenhageni from cattle urine in the

state of Parana, Brazil. Brazilian Journal of Microbiology, 39, 484-488.

12




Research, Society and Development, v. 9, n. 10, €6429108903, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8903

Percentage of contribution of each author in the manuscript
Gilmar Batista Machado — 20%
Amilton Clair Pinto Seixas Neto — 15%
Tanise Pacheco Fortes — 10%
Caroline Dewes — 10%
Sibele Borsuk — 10%
Flavia Aleixo Vasconcellos — 10%
Samuel Rodrigues Felix —10%
Everton Fagonde da Silva — 15%

13




