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ABSTRACT
Introduction: Leptospirosis is a zoonosis that affects both humans and animals. Dogs may serve as sentinels and indicators
of environmental contamination as well as potential carriers for Leptospira. This study aimed to evaluate the seroprevalence
and seroincidence of leptospirosis infection in dogs in an urban low-income community in southern Brazil where human
leptospirosis is endemic. Methods: A prospective cohort study was designed that consisted of sampling at recruitment and four
consecutive trimestral follow-up sampling trials. All households in the area were visited, and those that owned dogs were invited
to participate in the study. The seroprevalence (MAT titers ≥100) of Leptospira infection in dogs was calculated for each visit,
the seroincidence (seroconversion or four-fold increase in serogroup-speciﬁc MAT titer) density rate was calculated for each
follow-up, and a global seroincidence density rate was calculated for the overall period. Results: A total of 378 dogs and 902.7
dog-trimesters were recruited and followed, respectively. The seroprevalence of infection ranged from 9.3% (95% CI; 6.7 - 12.6)
to 19% (14.1 - 25.2), the seroincidence density rate of infection ranged from 6% (3.3 - 10.6) to 15.3% (10.8 - 21.2), and the
global seroincidence density rate of infection was 11% (9.1 - 13.2) per dog-trimester. Canicola and Icterohaemorraghiae were
the most frequent incident serogroups observed in all follow-ups. Conclusions: Follow-ups with mean trimester intervals were
incapable of detecting any increase in seroprevalence due to seroincident cases of canine leptospirosis, suggesting that antibody
titers may fall within three months. Further studies on incident infections, disease burden or risk factors for incident Leptospira
cases should take into account the detectable lifespan of the antibody.
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INTRODUCTION

to climatic conditions and are favored by high temperatures
and rainfall during specific periods of the year(6). Lack of
basic sanitation, poor housing conditions and limited access
to education and health increase the risk of human infection in
urban areas(7) (8).

Leptospirosis is a reemerging worldwide zoonosis caused
by bacteria of the genus Leptospira(1). Leptospirosis can lead to
acute infectious disease in humans as well as in domestic and
wild animals, leading to potential economic losses and public
health issues(2). Although rats (Rattus norvegicus) are considered
a worldwide reservoir and the main source of human infections,
dogs may also play a role as pathogen reservoirs(3) (4) in the disease
cycle(5). In developing countries, disease outbreaks are related

In Brazil, approximately 10,000 cases of human leptospirosis
are reported annually, typically during periods of higher rainfall
levels(9). Mortality rates average between 10% and 15%(10).
Leptospirosis epidemics have been reported in several highly
populated areas of Brazil(10) including Curitiba, a city with one of
the highest mortality rates of human leptospirosis nationwide(11).
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The role of dogs in human infection remains controversial.
Although dog ownership has been previously identiﬁed as a
risk factor for severe human leptospirosis(12), evidence of human
infection in a low-income community in Brazil was not associated
with dog ownership(6). The serogroups associated with human
infection(6) (13) (14) also suggest that the role of dogs in human
infection may be limited or non-existent(15). Regardless, there
is general consensus that canine disease acts as an indicator for
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human exposure risk(16); dogs are more frequently exposed to
known risk factors of disease and thus may act as sentinels of
environmental contamination(15) (17).
The prevalence of Leptospira spp. antibodies in dogs varies
widely in Brazil, ranging from 7.1% to 32.2%(18) (19) (20) (21) (22) (23).
Even within State of Parana, antibody prevalence varies: 12.2%
in stray dogs(17), 30.5% in dogs treated in a Veterinary Teaching
Hospital in Northern State(24), and 32.2% (n = 598) in diagnostic
serum samples taken from dogs in Curitiba(23). Only one study of
incidence rates in dogs has been conducted, which reported an
annual incidence of 28.9% in a slum community of Curitiba City(25).
As such, the present study aimed to evaluate the seroprevalence
and seroincidence of canine leptospirosis in an endemic slum
community via four follow-up samplings throughout a single year.

METHODS
Study design and area
A closed, prospective, descriptive cohort study was
designed to identify the serological prevalence and incidence
of Leptospira infection in dogs. The study was conducted in
2009 and 2010 in the Vila Pantanal neighborhood (25°32'17"S
49°13'55"W), a riverside slum community located in the
City of Curitiba, southern Brazil, where human leptospirosis
is considered endemic. Material recycling is the main source
of income for the 2,653 people living in approximately 850
households in this neighborhood, 40% of which earned less than
the Brazilian monthly minimum wage of approximately US$290
during the study period(26). This study site was selected because
of reports of human cases of Leptospira (thus the possibility of
environmental exposure of dogs to Leptospira). In addition, the
study site’s socioeconomic characteristics are similar to those of
other resource-deprived communities in both Brazil and other
countries, sites where Leptospira infections are known to be
more prevalent(27).
Participants
All residential households were visited, but only those that
owned at least one dog were invited to voluntarily participate
in the study. Additional eligibility criteria for inclusion were
the ownership of dogs older than 3 months of age, and both
the owner and dog being present at the household at the time
of visit. Exclusion criteria included dog aggressiveness and
poor animal health conditions not related to leptospirosis. All
dogs were recruited on October 3rd and 4th, 2009 and revisited
for re-sampling during four follow-up periods (January 30th
and 31st, 2010; April 24th and 25th, 2010; July 31st, 2010; and
November 20th, 2010). Blood samples (10mL) were collected at
each household by venipuncture of the jugular vein using tubes
without anticoagulant by groups of veterinary students who were
supervised by veterinary doctors. Blood samples were packed in
Styrofoam boxes with -20ºC icepacks for a maximum of three
hours prior to centrifugation, which was conducted at 1,200G for
15 min. Serum was separated and stored at -20°C until testing.
Basic descriptive characteristics of the dogs (sex, age and

breed) were collected at recruitment to allow re-identiﬁcation
of animals during each follow-up visit.
Variables
Evidence of previous leptospirosis infection was deﬁned
as serologic microscopic agglutination test (MAT) titers equal
to or higher than 100 (initial dilution of 1:100; the serogroups
and strains that were tested are reported in Table 1 and were
selected based on important serogroups for dog infection(2)),
a cut-off MAT value that has been recommended by other
authors(28) for its sensitivity in detecting Leptospira while
avoiding unspecific cross-reactions. Incident Leptospira
infection was deﬁned as seroconversion (MAT titer equal to or
higher than 100, given a non-reagent result for the serogroup
in the immediately previous follow-up) or a four-fold increase
in the serougroup’s titer relative to the immediately previous
follow-up. The serogroup with the highest titer was considered
responsible for the infection. In the event of more than one
serogroup with equally high titers, one event of infection
was considered with an undetermined responsible serogroup
(more than one serogroup potentially responsible for the
infection; described as co-infections in Table 1.
Study size
Due to the small size of the study area, we attempted to
recruit all owned dogs in Vila Pantanal by visiting all residential
buildings. Therefore, this study may be considered populationbased due to the recruitment of all dogs in Vila Pantanal that
met both the inclusion and exclusion criteria.
Statistical methods
Demographic and laboratory data were entered in an Excel
spreadsheet and analyzed with STATA 12 software (Stata Corp. 2011.
Stata Statistical Software: Release 12. College Station, TX, USA).
The characteristics of each dog recorded during each immediate
follow-up, as well as the total number of follow-ups, were described
using absolute or relative frequencies. Age was categorized according
to the baseline’s median and interquartile range distribution.
A Pearson’s chi square test was calculated for each characteristic
for each visit to compare included and excluded animals.
Descriptive analysis of infecting serogroup prevalence in
each follow-up was performed based on the number of infections
for each serogroup, including cases in which more than one
serogroup may have been responsible for the infection. The
seroprevalence of leptospirosis infection was calculated by
dividing the number of seropositive dogs by the total number
of dogs sampled for each visit. A seroincidence density rate
was calculated for each follow-up, and a global seroincidence
density rate was calculated for the overall period.
Dog-trimester was the chosen unit for calculating the
seroincidence density rates because of the three-month average
time span between sampling. Because dogs could have not been
followed in one or more of the four follow-ups and thus exhibited
different contribution times to the cohort, calculation using dogtrimester units generates a more accurate measure of frequency
because it represents the trimester-adjusted time of follow-up.
The time of contribution for each dog was obtained in each
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TABLE 1 - Prevalence of infecting serogroups in each follow-up, including animals in which more than one possible serogroup was
responsible for the infection.
Follow-up 1†

Follow-up 2§

Follow-up 3¥

Follow-up 4

All follow-ups

Serogroup*

n

%

n

%

n

%

n

%

n

%

Canicola

27

60.0

7

33.3

18

60.0

10

100.0

62

58.5

Icterohaemorraghiae

7

15.6

6

28.6

8

26.7

0

0.0

21

19.8

Gryppotyphosa

4

8.9

1

4.8

2

6.7

0

0.0

7

6.6

Autumnalis

2

4.4

2

9.5

1

3.3

0

0.0

5

4.7

Australis

1

2.4

3

14.3

1

3.3

0

0.0

5

4.7

Pyrogenes

1

2.2

2

9.5

0

0.0

0

0.0

3

2.8

Djasiman

2

4.4

0

0.0

0

0.0

0

0.0

2

1.9

Pomona

1

2.2

0

0.0

0

0.0

0

0.0

1

0.9

Cynopteri

0

0.0

0

0.0

0

0.0

0

0.0

0

0.0

Sejroe

0

0.0

0

0.0

0

0.0

0

0.0

0

0.0

Total

45

100.0

21

100.0

30

100.0

10

100.0

106

100.0

n: number of animals; %: percentage. *Strains tested: Can (Hond Utrecht IV); Ict (M20 and RGA); Gry (Moskva V); Aut (Akiyami A); Aus
(Ballico and Jez-Bratislava); Pyr (Salinem); Dja (Djasiman); Pom (Pomona); Cyn (3552C); Sej (Hardjoprajtno). †One animal co-infected by
Aut, Dja and Pom; 1 co-infected by Gryp and Aut; and 1 co-infected by Ictero and Pyr. §One animal co-infected by Aut and Aus. ¥One animal
co-infected by Aut and Aus; 1 co-infected by Ict and Gry.

follow-up by calculating the number of days elapsed since the
previous survey. Because infection may have occurred at any time
between visits, the contribution time in terms of dog-trimesters
of the dogs that were infected was considered to be the mean
point between visits. The global seroincidence density rate was
calculated by dividing the total number of infections detected
during the overall period by the total contribution time of dogs
in dog-trimesters. The seroprevalence and seroincidence density
rates and their 95% conﬁdence intervals were estimated using
Open Epi software(29).
Ethical considerations
The protocol for this study was approved by the Universidade
Federal do Parana Ethics Committee on Animal Research, under
protocol number 007/2009.

RESULTS
We recruited 378 dogs from 221 households at baseline.
Males made up approximately 42% of the recruited population
(Table 2), 18% of the dogs were considered purebred by their
owners, and the population was mostly composed of young adult
animals (median age of 4 years, interquartile range: 2-6). Dogs
sampled during subsequent surveys were similar to animals
not sampled with respect to gender and breed in all follow-up
surveys, but sampled animals were slightly older than nonsampled animals in July and November of 2010 (there were
no differences when age was tested as a continuous variable).
Dog characteristics according to the total number of follow-ups
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conducted is described in Table 3. Loss to follow-up ranged
from 24.3% on the ﬁrst follow-up visit to 61.8% on the last visit
(Table 4). Although quantitative data concerning reasons for
follow-up losses were not available, the main reasons included
an inability to locate the dogs on subsequent visits and animal
death. The contribution of the dogs in each follow-up ranged
from 346 to 168 dog-trimesters, and the global follow-up
contribution of dogs was 902.7 dog-trimesters (Table 4).
A total of 163 positive blood samples were detected out of
the 1,233 collected samples. The seroprevalence of infection
for each survey ranged from 9.3% (95% CI; 6.7 - 12.6) in
October 2009 to 19.0% (95% CI; 14.1 - 25.2) in July 2010.
We identiﬁed 99 events of infection in 79 animals (20 animals
had two events of infection during the one-year period). The
seroincidence density rate of infection ranged from 6.0% (95%
CI; 3.3 - 10.6) in July-November 2010 to 15.3% (95% CI;
10.8 - 21.2) in April-July 2010. We were able to detect animals
that transitioned from positive to negative between surveys.
The global incidence density rate of infection was 11.0%
(95% CI; 9.1 - 13.2) per dog-trimester. Canicola was the most
frequent serogroup responsible for new infections in all four
follow-ups, followed by Icterohaemorraghiae (Table 1).

DISCUSSION
We conducted our study in an area characterized by extreme
poverty, lack of urban infrastructure and a regular occurrence
of ﬂooding. The observed seroprevalence ratios ranged from
9.3% to 19%, and the overall seroincidence density rate

42.4
32.5
34.9
≥6

16.3
21.7
20.4
≥ 4 to <6

22.8
29.4
27.8
≥ 2 to <4

n: number of animals; %: percentage *P-value for the comparison of sampled and not-sampled animals for each survey. α=0.05. †Absolute number of animals in each survey (not corrected by
the time of the survey). §Gender data were not available for one animal.

37.8
30.4
33.3
32.8

38.5

36.5

15.0
29.0
15.9
24.9
24.3

14.0

28.3
26.5
29.1
26.6

0.05
21.0
14.5
18.5
16.4
16.9
<2

Age (years)

19.6
16.8
17.5
Purebred animal

0.54

0.24

28.5

19.7
12.7

12.4

16.6
17.5
0.40
19.6
16.2

27.5

<0.01
0.04
21.2

0.71
18.0
0.99
17.5

0.69
43.1

40.8
0.12
45.5
37.8
0.22
45.5
48.9
39.3
41.8
Male§

0.08

39.3

92
286
378
Animals†

Characteristic

animals
not
sampled
(n or %)
animals
sampled
(n or %)
baseline
(n or %)

-

235

143

189

145

233
189

-

p-value*
animals
not
sampled
(n or %)
p-value*
animals
not
sampled
(n or %)
p-value*
p-value*

animals
sampled
(n or %)

animals
not
sampled
(n or %)

animals
sampled
(n or %)

animals
sampled
(n or %)

November-10
July-10
April-10
January-10
October-09

TABLE 2 - Characteristics of the dogs at baseline and of the sampled and not-sampled animals in each follow-up in Vila Pantanal, Southeast Brazil, from October 2009 to November
2010.
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was 11.0 per 100 dog-trimesters, ranging from 6.0 to 15.3.
Previous studies in Brazil reported a lower prevalence (7.1%)
(18)
; however, the dogs tested in that study were selected from
different locations within a city, and the study was conducted
in an area with a better overall social condition, which may
result in a lower prevalence of Leptospira infection relative
to our study site. Studies with similar (10.5% in stray dogs)(21)
and higher (27.3% in dogs in both urban and rural areas in the
Amazon region and 21.4% in dogs sampled from an anti-rabies
vaccination campaign)(20) (22) prevalences were also found. Those
studies demonstrated that Leptospira infection is not a rare event
in dogs and that the point prevalence is context dependent. One
study reported an incidence of 28.9% per year(25) in a community
with socioeconomic and environmental characteristics similar
to those of Vila Pantanal, but because the follow-up interval
period was one year, infections may have gone undetected.
Interestingly, in our study, we were able to ascertain that
20 out of 79 (25%) dogs infected during the overall period were
infected more than once throughout the year.

The MAT is known for its good sensitivity (30) and is
recognized as the gold-standard in Leptospirosis diagnosis,
especially when clinical symptoms are present and when
sufﬁcient time to seroconversion has elapsed. Due to the design
of this study, animals were tested regardless of their clinical
symptoms and at arbitrary points in time. The seroprevalence
and seroincidence of infection might be higher in animals with
clinical symptoms and given sufﬁcient time for seroconversion
once clinical symptoms begin. In our study, Canicola and
Icterohaemorraghiae were the most frequent serogroups
responsible for new infections, and both are traditionally
identiﬁed in canine Leptospira infections(31) (32) (33) (34).
We were unable to detect an increase in the seroprevalence
of leptospirosis proportional to incident cases. We would expect
that seroprevalence would increase in accordance with the
seroincidence of the previous follow-up if antibodies remained
detectable with three-month interval periods. This ﬁnding may
suggest that serological evidence of infection (not necessarily
clinical) in naturally infected dogs may remain undetected
within three months, at least considering an initial MAT dilution
of 1:100. If true, infection events may have gone undetected in
our study, thus the seroincidence of Leptospira infection in dogs
of this community may be underestimated. Studies reporting the
duration of antibodies for leptospirosis in animals are scarce(2).
Differences among the studies may be the result of different
infection phases, such as clinically ill dogs (e.g., detected in
veterinary hospitals), asymptomatic dogs in serological surveys
and vaccinated dogs. Although antibodies may be detected for
up to 20 years following human infection(35), how long naturally
infected animals maintain detectable titers remains unclear, and
further studies should be conducted to fully establish the lifespan
of antibodies under such conditions.
Losses experienced during the follow-up samplings were the
major limitation of the present study, highlighting the difﬁculty
in performing a prospective cohort study on dog populations,
particularly in slum areas. Under real disease scenarios, death
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TABLE 3 - Characteristics of the dogs according to the number of follow-ups conducted in Vila Pantanal, Southeast Brazil,
from October 2009 to November 2010.
Zero follow-ups (baseline only)
n or N (%)

One follow-up
n or N (%)

Two follow-ups
n or N (%)

Three follow-ups
n or N (%)

Four follow-ups
n or N (%)

91

54

49

42

142

Male

44/90 (49%)

22/54 (41%)

21/49 (43%)

10/42 (24%)

60/141 (43%)

Purebred animal

18/91 (20%)

10/54 (19%)

6/49 (12%)

9/42 (19%)

24/142 (17%)

<2

17/91 (19%)

13/54 (24%)

10/49 (20%)

6/42 (14%)

18/142 (13%)

≥ 2 to <4

21/91 (23%)

18/54 (33%)

12/49 (25%)

14/42 (33%)

40/142 (28%)

≥ 4 to <6

14/91 (15%)

7/54 (13%)

10/49 (20%)

5/42 (12%)

41/142 (29%)

≥6

39/91 (43%)

16/54 (30%)

17/49 (35%)

17/42 (41%)

43/142 (30%)

Characteristic
Animals

Age (years)

n: number of animals with a speciﬁc characteristic; N: total number of animals.

TABLE 4 - Prevalence and incidence density rate for leptospirosis in dogs from Vila Pantanal from October 2009 to October 2010.
October 2009

January 2010

April 2010

July 2010

November 2010

Global*

378

286

235

189

145

-

lost to follow-up (%)

-

92 (24.3)

145 (38.4)

189 (50.0)

233 (61.6)

-

Immediate follow-up ¥

-

346.0

205.1

183.5

168.0

902.7

positive

35

47

25

36

20

-

negative

343

239

210

153

125

-

9.3 (6.7 - 12.6)

16.4 (12.6 - 21.2)

10.6 (7.3 - 15.2)

19.0 (14.1 - 25.2)

13.8 (9.1 - 20.3)

-

Animals infected (n)

-

41

20

28

10

99

Incidence‡ (95% CI)

-

11.8 (8.9 - 15.7)

9.8 (6.4 - 14.6)

15.3 (10.8 - 21.2)

Animals sampled

MAT result

Prevalence† (95% CI)

6.0 (3.3 - 10.6) 11.0 (9.1 - 13.2)

MAT: microscopic agglutination test; 95% CI: 95% conﬁdence interval; n: number. *From October 2009 to October 2010. ¥Dog-trimester.
†Per 100 animals. ‡Incidence density rate per 100 dog-trimesters.

and absence at the time of visit due to outdoor access may post
major obstacles for successful re-samplings. However, given the
basic demographic characteristics of the dogs, follow-up losses
may not have introduced signiﬁcant bias in light of the fact
that the followed dogs appeared to be similar to the not-followed
ones.
In conclusion, our study first established the trimester
seroincidence of canine leptospirosis and additionally demonstrated
that antibody lifespan may impair epidemiological serosurveys of
such populations. Moreover, incidence density measure allows for a
better estimation of frequency and should be used in studies aiming
to prospectively identify risk factors for canine leptospirosis, as
the time of contribution of each observation is taken into account
when calculating incidence density. Finally, we suggest that
prospective incidence studies of dogs should be conducted using
re-sampling periods shorter than three-month intervals, especially
if MAT is set at an initial dilution of 1:100 to detect infections.
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