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Summary

The aim of this systematic review was to identify articles on prevalence of leptospirosis

in stray and sheltered  dogs worldwide and access the methodological  quality  of the

recovered papers. Six databases (CABI, Cochrane, Pubmed, Scielo, Scopus and Web of

Science) were searched, without restriction on year or location where the studies were

performed.  The  search  recovered  476  articles  and  60  were  selected  for  analysis

according  to  quality  criteria.  None  of  the  selected  articles  showed  a  complete

explanation  for  the  sample  size  adopted  (probabilistic  sampling),  leading  to  the

impossibility  of recalculation of leptospirosis  prevalence for stray or sheltered dogs.

Among the  analyzed  papers  43.33% (26/60)  showed five  of  the  ten  quality  criteria

analyzed, 16.67% (10/60) three, 15.00% (9/60) four, 10.00% (6/60) six, 6.67% (4/60)

eight, only 5.00% (3/60) showed nine of the ten criteria analyzed, whereas two papers

showed two [1.67% (1/60)] and seven [1.67% (1/60)] of the ten criteria assessed. The

majority of the papers were published in the Americas [45.00% (27/60)] and in the last

sixteen years (2003 to 2019) [81.67% (49/60)], and most of the sampled dogs were stray

dogs  [65.00% (39/60)].  The  leptospirosis  diagnostic  test  used  more  frequently  was

Micro  Agglutination  Test  (MAT)  [78.33% (47/60)]  followed  by  polymerase  Chain

Reaction (PCR) [23.33% (14/60)], whereas the most common serovars identified were

Canicola  [71.43%  (35/49)],  Icterohaemohrragiae [65.31%  (32/49)],  Grippotyphosa

[40.82% (20/49)] and Pomona [40.82% (20/49)]. In conclusion, our results showed that

Leptospira  spp.  is  present  in  stray  and sheltered  dogs worldwide,  but  the  complete

comprehension of  the  prevalence  of  leptospirosis  in  these  populations  could  not  be

achieved  due  to  the  low  methodologic  quality  of  the  recovered  studies  about

leptospirosis in stray and sheltered dogs.
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1. Introduction

Humans and dogs have lived closely for millennia  (Bögel et al., 1990) and the

proximity and significance of their relationship evolves every day  (Cabral & Savalli,

2020). In fact, dogs help in many activities besides companionship, such as hunting,

herding, guarding property, military services, law enforcement,  therapeutic activities,

among others  (Hart & Yamamoto, 2016;  WSPA, 2011). However, despite this close

relationship,  the  population  of  unowned  dogs  is  growing  on  the  streets  around  the

world, especially in development countries and in places where people left their homes

because of conflicts (FAO, 2014).

The number of free-roaming dogs (unrestricted owned and unrestricted unowned

dogs) worldwide is estimated to be 525 million dogs (75% of world dog population)

(Hughes & Macdonald, 2013; WSPA, 2011). This large stray dog population need to be

managed to prevent the transmission of many zoonotic diseases, as well as dogs bites

and  transmission  of  diseases  to  other  animals  (FAO,  2014),  improving  animal  and

human health  and welfare.  A control  measure usually  implemented  to  minimize the

problems caused by stray dogs is sheltering, a common initiative in various countries

worldwide, where these dogs can be euthanized, adopted or permanently homed (Smith

et  al.,  2019).  Governments,  private  enterprises  or  non-governmental  organizations

generally administer these shelters. Nevertheless, in many countries, euthanasia is not

allowed,  causing  shelters  to  be  overcrowded  (Smith  et  al.,  2019),  which  increases

disease transmission among animals, besides other health and well-being issues.

Indeed, in animal shelters, the control of infectious diseases is a major challenge

that requires a multidisciplinary approach, starting with knowledge of the epidemiologic
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situation of a disease and the burden it  causes  (Belay et  al.,  2017).  In this  context,

leptospirosis,  a  zoonotic  disease  caused  by  Leptospira spp.,  has  been  an  important

concern, as it affects a variety of animals, including dogs and is an important zoonosis

(Adler,  2015).  Annually,  1.03  million  people  are  infected  and  58,900  die  from

leptospirosis worldwide  (Costa et al., 2015), being dogs suggested as one of the main

source of transmission to humans (Kurilung et al., 2019), since they can have no clinical

signs of the disease despite continue shedding the bacteria in the urine  (Miotto et al.,

2018). The growing global number of stray and sheltered dogs makes the knowledge

about the epidemiological situation of zoonotic diseases, such as leptospirosis, in these

populations, crucial for the establishment of measures to mitigate the risk of infection

for caretakers, future adopters and even other animals.

Therefore,  focusing  in  contribute  to  the  control  and to  the  knowledge about

leptospirosis among stray and sheltered dogs, the aim of this study was to conduct a

systematic  review on the prevalence  of  canine  leptospirosis  in  these populations.  A

critical review on the quality of the published papers on the subject was also conducted,

with especial regard to the methodology used by the selected studies.

2. Material and methods

The PRISMA guidelines (Preferred Reported Items for Systematic Reviews and

Meta-Analyses)  were  adopted  in  this  review  (Appendix  S1)  (http://www.prisma-

statement.org/PRISMAStatement/).

2.1. Search strategy

The  search  was  conducted  on  September  16th,  2019.  Original  papers  on

prevalence of leptospirosis in stray and sheltered dogs were searched in six databases

(Web of Science, PubMed, Scielo, Cochrane, Scopus and CABI), without restriction on
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year or location where the studies were performed. The search was performed based on

the following PICO: population  (canin* or  dog*),  intervention  (shelter*,  kennel* or

"stray dogs"), comparison (prevalenc*) and outcome (leptospir*). Detailed information

on  the  search  terms  is  shown  in  the  Appendix  S2.  The  selected  keywords  were

investigated  within  all  the  sections  from papers  (title,  abstract  and  full  text)  in  all

databases.

After  searching  the  databases,  the  articles  were  imported  to  EndNote  X7.8

(Thomson Reuters, USA) and the duplicates were removed. The screening for articles

was also conducted on the reference list of the reviews recovered in the primary search.

2.2. Selection strategy and inclusion / exclusion criteria

In the first stage of the selection, all articles were screened by the title by two

independent reviewers (ACTRBC and RABC) according to the selection criteria. In the

second stage,  the selected papers were analyzed based on the abstract  (ACTRBC and

RABC), whereas in the third stage, the full texts were analyzed (ACTRBC and RABC).

In all stages, when the two reviewers disagreed, a third one (EMSD) was responsible for

the final decision.

The following aspects were considered for the articles inclusion: (i) articles on

prevalence,  (ii)  in  stray and /  or  sheltered  dogs and (iii)  approach on  leptospirosis.

Articles  focusing  on:  (i)  leptospirosis  in  other  species,  (ii)  genetics,  immunology,

microbiology, molecular biology, diagnostic tests, therapeutics, vaccination, and (iii) in

other language than English, Spanish or Portuguese were excluded. Also, files that were

not  original  research  articles  (thesis,  abstract,  book chapters  and reviews)  were  not

selected, as well as systematic review papers. Due to the low quality identified in the

recovered articles, all cross-sectional papers were selected by full-text and were further
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analyzed for potential  limitation and bias.  Full  inclusion and exclusion criteria  were

described in Appendix S3.

2.3. Quality assessment and data extraction

Two reviewers (ACTRBC and CRP) were responsible for quality evaluation of

the articles selected by full-text. This evaluation followed the National Heart, Lung and

Blood Institute (NHLBI) checklist using the Quality Assessment Tool for Observational

Cohort  and  Cross-Sectional  Studies  (Gagnier  et  al.,  2013).  Data  extracted  from all

selected articles were: first author, publication year, place where the study was carried

out (city / town, county, state and country, when informed), year in which sampling was

performed, type of population (stray or / and sheltered dogs), number of sampled and

leptospirosis-positive animals (only for stray or sheltered dogs), leptospirosis diagnostic

technique  employed  and  the  cut-off  used  (when  applicable)  (Table  1),  leptospirosis

vaccination status (when available),  serovars identified in the serological tests (when

available)  (Appendix  S4)  and the  risk  factors  related  to  occurrence  of  leptospirosis

(when available).

2.4. Evaluation of potential limitations and bias of the articles included

Based on the guidelines for strengthening the reporting of observational studies

in epidemiology (STROBE) (Vandenbroucke et al., 2007) and on representative sample

requirements  for  a  cross-sectional  study  design  defined  by  Thrusfield  (2007),  ten

criteria were used to assess potential limitations and bias in the articles selected by full-

text, according to their presence or absence: A - basic epidemiological requirements: 1)

clearly stated objective; 2) clear definition of location where the study (town or state or

country) was carried out; 3) clear definition of the period when the study was carried

out; 4) clear definition of the studied population (stray or sheltered dogs); 5) clear case

definition (leptospirosis-positive); B - Sampling requirements: 6) a referenced or 50%
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prevalence was used; 7) a level of confidence was adopted; 8) the size of sampled dog

population was estimated or an infinite population was considered; 9) a statistic error

was  adopted;  10)  the  sampling  performed  was  randomized  or  all  animals  in  the

population were sampled (census). For each of the quality criteria adopted, a value 1

was assigned when it was present and 0 when it was absent. At the end of the quality

analysis,  each study received a  score according to  the sum of the individual  scores

obtained in each criterion evaluated,  which ranged from 0 to 10. Moreover, the last

available impact factor of the journals where the selected papers were published were

also  extracted  from  the  Journal  Citation  Reports  (JCR)  database  2019

(https://clarivate.com/webofsciencegroup/solutions/journal-citation-reports/).

2.5. Statistical analysis

A descriptive analysis was performed on the data extracted from the selected

articles.  Categorical  variables  were  analyzed  by  calculating  proportions,  while  the

numeric ones were analyzed by calculating the mean, standard deviation, median and

interquartile range, when appropriated. The sampled dogs and the dogs found positives

were  separated  by  population  (stray  and  sheltered),  and  a  weighted  average  was

calculated according to the sample size for all selected articles.

3. Results

3.1. Main characteristics of studies included in this systematic review

The databases search recovered 476 articles and nine were identified by active

search, 404 remained after duplicates (n = 81) removal and all were published between

1973 and 2019. Title selection excluded 108 articles. From the remaining 296 articles,

144 were selected by abstract, and 152 were excluded. The full-text evaluation selected
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60  cross-sectional  articles  for  analysis  of  limitations  and  bias,  whereas  84  were

excluded (Fig. 1).

Geographical and temporal  distribution of the articles selected by the present

study are shown in the Fig. 2. The majority of the selected studies was conducted in

Brazil  [23.33%  (14/60)],  followed  by  Mexico  [13.33%  (8/60)],  Malaysia  [6.66%

(4/60)], India [5.00% (3/60)], Italy [5.00% (3/60)] and Romania [5.00% (3/60)]. Nepal,

Serbia, South Africa and Taiwan were represented each by two (3.33%) of the selected

articles. The countries with only one (1.67%) study selected were Algeria, Australia,

Barbados, Colombia, Egypt, Indian Ocean Island (Mayotte Island, France), Iran, Japan,

Korea,  Philippines,  Puerto  Rico,  Reunion  Island,  Thailand,  Trinidad  and  Tobago,

Turkey, United States of America and Venezuela (Fig. 2A).

The distribution of the year when the papers were published showed that 45.00%

(27/60) were published between 2013 and 2019, 36.66% (22/60) between 2003 and

2012, 10.00% (6/60) between 1973 and 1982, 8.33% (5/60) between 1993 and 2002,

and none of the selected articles was published between 1983 and 1992 (Fig. 2B). The

main characteristics of studies included in this systematic review are shown in Table 1.

3.2. Assessment of potential limitations and bias in the selected articles

The analysis of the methodological quality of the articles showed that 43.33%

(26/60) exhibit five of the ten quality criteria analyzed, 16.67% (10/60) three, 15.00%

(9/60) four, 10.00% (6/60) six, 6.67% (4/60) eight and only 5.00% (3/60) showed nine

of the ten criteria analyzed. The remaining papers showed two [1.67% (1/60)] and seven

[1.67% (1/60)]  of  the  ten criteria  assessed (Table  2).  The final  score of  articles  by

methodological quality varied between 2 and 9, with mean and median of 5, standard

deviation of 1.66 and interquartile range of 1.
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All articles described the location where the study was conducted (city, town,

municipality, county, state, province, or country), however six of them (10%) reported

only the country. Similarly, all articles specified whether the study population. For the

other  criteria,  10.00% (6/60) did not  inform a clear  objective,  only 51.67% (31/60)

described  the  period  when  the  research  was  conducted  and  11.67% (7/60)  did  not

exhibit a clear case definition (Table 2).

For the evaluation of parameters regarding the sampling adopted, only 10.00%

(6/60) of articles  exhibited four of the five the criteria  assessed (referenced or 50%

prevalence, estimated dog population, level of confidence and statistic error). Only one

article (Tuemmers et al., 2013) (1.67%) used 50% prevalence, a level of confidence and

a  formula  to  estimate  the  sample  size  for  determine  the  prevalence  for  an  infinite

population, however did not show an error value for the calculation of the sample size.

Interestingly,  none  of  the  sixty  selected  articles  specified  the  methodology  used  to

randomize sample collection, neither in the eight articles that used the word “random”.

Twenty (33.33%) of the papers were published in journals without an impact

factor and among all the journals that had an impact factor, the average impact factor

found was 1.262, with maximum impact factor of 4.728 and minimum of 0.234.

3.3. Epidemiological situation of leptospirosis among stray and sheltered

dogs

The range of the sample size of the analyzed cross-sectional studies varied from

8 to  1,615  stray  or  sheltered  dogs  (mean  of  282.74,  standard  deviation  of  364.76,

median of 135 and interquartile  range of 273) (Table 3). The number of  Leptospira

spp.-positive dogs per study, among the selected ones, varied from 0 to 351 (mean of

52.25, standard deviation of 70.48, median of 30 and interquartile range of 55), with a
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relative frequency of positives varying from 0.00% to 100.00% of the total  of dogs

(mean of 27.63%, standard deviation of 26.48%, median of 20% and interquartile range

of 30.71%) (Table 3).  In three articles  (Dharanesh et  al.,  2009;  Roach et  al.,  2010;

Thakur, 2014), it was not possible to separate the sampled population, or the number of

positive animals,  or both information,  considering the population of dogs of interest

(stray or sheltered dog), from the total  number of animals surveyed, therefore,  these

studies  were  excluded  of  these  analyzes.  Likewise,  only  Micro  Agglutination  Test

(MAT)-positive animals were considered from one study (Oliveira et al., 2012), since it

was not possible to differentiate whether positive animals in Polymerase Chain Reaction

(PCR) from blood were also PCR-positive from urine and MAT. The distribution of

sampled  and  test-positive  dogs  according  to  the  population  (stray  or  sheltered)  are

shown in Table 3.

Among  all  the  selected  papers,  the  most  common  diagnostic  test  used  to

determine  the  frequency  of  leptospirosis in  dogs  was  MAT [78.33% (47/60)].  The

second most frequent was standard PCR [23.33% (14/60)], followed by isolation and

culture  [6.67%  (4/60)],  different  types  of  Enzyme-Linked  Immunosorbent  Assays

(ELISA)  [6.67%  (4/60)]  and  qPCR  (quantitative  PCR)  [5.00% (3/60)].  Other  tests

(Sequencing, Pulse-Field Gel Electrophoresis,  Schuffner-Mochtar's agglutination-lysis

test, Urine Examination by Dark Field microscopy and Rapid Test Method) were used

in 13.33% (8/60)  of  the  studies  (Fig.4 A).  For  the  articles  that  performed MAT or

Schuffner-Mochtar's agglutination-lysis test  (precursor of MAT) and exhibited at least

one positive animal, the most common serovar found was Canicola [71.43% (35/49)],

followed by Icterohaemorrhagiae [65.31% (32/49)], Grippotyphosa [40.82% (20/49)],

Pomona [40.82% (20/49)], Pyrogenes [28.57% (14/49)], Autumnalis [22.45% (11/49)]

and others [38.78% (19/49)] (Fig.4 B). Among these studies, 100% of the tested dogs
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were seropositive to serovar Canicola in three studies  (Cruz-Romero, 2013;  Manić et

al., 2014; Medina et al., 2010), whereas in one study each 100% of the tested dogs were

seropositive to serovar Bataviae  (Khor et al., 2016) Hardjo  (Medina et al., 2010) and

Icterohaemohrragiae (Medina et al., 2010) (Appendix S4).

The  vaccination  status  against  leptospirosis  among  the  sampled  dogs  was

informed by 26.67% (16/60) (Table 1) of the studies, from which only six reported the

serovars composing the vaccine and the serovars diagnosed in the sheltered and stray

dogs.  Among these  six  studies,  one  article  (Goh et  al.,  2019) did  not  separate  the

serovars  frequency  between  stray  or  /  and  sheltered  dogs  from  the  other  sampled

animals  and thereby  was  excluded from this  analysis.  The comparison between  the

serovars  exhibited  by  seropositive  dogs  and  those  used  in  the  composition  of  the

vaccines are showed in the Table 4.

Analysis of risk factors related to the occurrence of leptospirosis was carried out

by only 23.33% (14/60) of the selected articles (Table 1). Of these 57.14% (8/14) did

not identify any significant factor associated to leptospirosis. Among the studies that

observed  variables  significantly  associated  with  canine  leptospirosis,  the  main  risk

factors observed were age (older than 4 years)  (Chou et al., 2014) (younger than one

year) (Zaidi et al., 2018), the season (Chou et al., 2014), the fact of being a stray dog

compared with living in a household (Khamesipour et al., 2014; Paz et al., 2015; Roach

et al., 2010), and dogs that lived in urban areas, sharing a common area with humans

and exhibiting history of contact with rats (Goh et al., 2019). The detailed information

on the risk factor analysis performed by these studies is shown in Table 5.

4.  Discussion
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The comprehension of the epidemiological situation of a disease in stray and

sheltered dogs is fundamental to implement efficient control and prevention measures

(FAO, 2014) following a One Health strategy to deal with zoonosis (Mbilo et al., 2020)

by  understanding  the  disease  behavior  in  animals,  its  transmission  through  the

contaminated environment and the risk offered to humans. Therefore, the initial focus of

the present systematic review was to establish the seroprevalence and risk factors of

canine  leptospirosis  for  stray  and  sheltered  dogs.  However,  due  to  methodological

problems found in the systematic review of the papers that addressed the subject, the

real situation of this important zoonosis still remains to be determined in these animal

subpopulations. Additionally, the results obtained in this systematic review point to the

main  failures  performed  in  the  selected  cross-sectional  studies  that  impaired  their

external validity, regarding the representativeness of the sampling, which can be used as

a learning experience for the design of future studies in this field. Nevertheless, it is

important to mention that the determination of the canine leptospirosis prevalence was

not the main objective of many of the studies evaluated, which certainly contributed to

the low representativeness of the sampling performed. Some of the articles, although

have performed cross-sectional studies, were focused in assessing diagnostic tests or

isolate  and  characterizing  Leptospira spp.  strains  circulating  among  the  stray  and

sheltered  dogs.  Notwithstanding,  despite  the  low  representativeness  of  the  sampled

populations, some conclusions could be drawn from the selected studies, such as the

presence of  canine  leptospirosis  among stray and sheltered  dogs worldwide and the

most frequently serovars observed.

In this review, stray and sheltered dogs were chosen as subject due to the risk

that  they  offer  to  public  and  animal  health  regarding  the  transmission  of  diseases,

considering these two different environments, streets and shelters (agglomeration, daily
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contact  with  caretaker  and  potential  adopters).  Nevertheless,  the  majority  of  the

recovered articles did not perform sampling in a manner to significantly represent stray

or sheltered dog populations, by not following basic epidemiological criteria to perform

sampling  (Thrusfield,  2007;  Vandenbroucke  et  al.,  2007) (Table  2).  The

underrepresentation of sampling compromised the validity of the data generated (Patino

&  Ferreira,  2018) and  prevented  a  meta-analysis  to  recalculate  the  prevalence  of

leptospirosis  for  these  dog  subpopulations.  The  correct  method  for  estimating  the

prevalence of a disease is to conduct a representative sampling of the target population

(Sedgwick, 2014), which can be performed considering the population as infinite (1), as

finite (2) or performing a census (3) (Bloch & Coutinho, 2009; Thrusfield, 2007). The

criteria  used  to  evaluate  the  methodology  of  the  recovered  articles  were  those

recommended  for  high  quality  cross-sectional  studies  (Vandenbroucke et  al.,  2007),

allowing  inferences  on  the  produced  data  and  epidemiological  knowledge  about  a

disease. For the studies involving stray dogs, the absence of a representative sampling

may be partly justified by the difficulty to estimate this population in most locations, or

it may also be due to the difficulty to find these animals that have no restrictions of

movement. Nonetheless, several recovered papers also failed to describe basic aspects

of scientific and epidemiological studies, beyond non-representative sampling, such as

not state a clear objective, or the locations and relevant dates for the study. This low

methodology  quality  among  the  selected  articles  probably  explains  the  low  impact

factor  of  the  journals  in  which  these  studies  were  published (Table  2).  In  fact,  the

exceptions to the low impact factors were observed in ten articles published in journals

with impact factor greater than 2.

The majority of selected articles were published in the last sixteen years and in

developing countries, such as Brazil, Mexico and Malaysia (Fig. 2), probably due to the
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increase of stray dogs population in these developing countries  (Jackman & Rowan,

2007) and  the  importance  that  dogs  have  in  the  maintenance  of  leptospirosis

(Macpherson et al., 2000). Brazil was the country where most of the recovered studies

were conducted, presumably because of the high number of dogs (52.2 million) in the

country,  which is  the second worldwide in number  of this  domestic  animal  (IBGE,

2013). The second country with the large number of recovered studies was Mexico,

which  may  be  associated  to  the  great  stray  dog  population  found  in  the  country,

estimated in 16.1 million of animals (Cortez-Aguirre et al., 2018).

Despite the inferences about the target population being compromised as stated

before,  the  presence  of  canine  leptospirosis  among  the  stray  and  sheltered  dogs  as

observed in the majority of the selected studies (Figure 3 and Table 3), evidencing the

health  risks  associated  with  these  animal  populations,  especially  considering  the

sheltered dogs due to the overpopulation, close contact with caretakers and the risks for

potential  adopters.  However,  although  present  worldwide,  the  frequency  of  canine

leptospirosis among the studies could not be compared directly, since, in addition to the

non-representative  sampling,  the  studies  were  also  very  heterogeneous  and  used

different diagnostic methods and cut-off points (Table 1). Likewise, the grouping and

discussion of the risk factors found in the recovered articles that were associated with

canine  leptospirosis  among  stray  and  sheltered  dogs  were  hampered  due  to  the

questionable and varied analysis performed among the studies (Table 5). In general, the

risk factors more associated with canine leptospirosis were age and type of population

(stray or owned dogs), probably because the life on the street exposes the animal to the

contact  to  more  pathogens,  living  without  welfare  and  sanitary  care  (starvation,

malnutrition,  dehydration,  vaccination,  medication  and deworming)  (Jackman  &

Rowan, 2007).
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Another important information that could be extracted from the selected articles

was  the  most  common  Leptospira serovars  observed  among  seropositive  dogs.  Not

surprisingly,  serovar Canicola was the most frequent,  probably because dogs are the

reservoir of this serovar, not showing clinical signs of the disease when infected (Adler

& de la Pena Moctezuma, 2010). Indeed, no signs of acute leptospirosis was reported in

most of the selected papers. Subsequently, the following most common serovars were

Icterohaemohrragiae,  Grippotyphosa and Pomona, already described as a concern for

dogs  worldwide  (Ellis,  2015).  Moreover,  the  findings  showed  that  the  serovars

Canicola,  Icterohaemohrragiae,  Grippotyphosa  and  Pomona  were  present  worldwide

(Appendix S4) and should be considered for the definition of disease control, as well as

in the formulation of vaccines used for dogs, in the same way it has been considered in

the United States for domestic dogs since 2001 and in Europe  (Schuller et al., 2015).

Curiously, the vaccine status of the dogs sampled in the articles was showed only by

five studies (Table 4) and of all vaccines used, only two exhibited the combination of

the serovars Canicola, Icterohaemohrragiae, Grippotyphosa and Pomona. This suggests

that  the  basic  composition  of  leptospirosis  vaccines  for  dogs  should  be  reviewed

according to serovars observed in the dog population  (Ellis,  2010),  after  a carefully

verification of the circulating serovars by isolation. In addition, the serovars observed in

dogs without a known vaccinated status (Fig. 4) also call for attention on the importance

of these four Leptospira spp. serovars in the epidemiology of leptospirosis among stray

and sheltered dogs.

The most common diagnostic test used to identify canine leptospirosis among

the selected studies was MAT, probably because it is the golden standard method for the

serological diagnostic of  Leptospira  spp. and indicates the most probable serovar that

the dog had contact with (OIE, 2012). PCR was the most used method for leptospirosis
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prevalence  determination  through  direct  identification  of  the  pathogen,  being  a

molecular technique well established for this purpose (Merien et al., 1992). Although,

the culture and isolation is stated as most sensitive when perform by trained staff, for

direct identification of the agent (OIE, 2012), in this review it was the third most used

method in the recovered articles, probably due to its peculiarities. Since Leptospira spp.

has  a  difficult  growth  when  in  laboratory  conditions,  requiring  specific  media,

temperature and long-time to growth (Adler, 2015; Mohammed et al., 2011).

5. Conclusion

In  conclusion,  our  results  point  to  a  lack  of  reliable  information  on  canine

leptospirosis in stray and sheltered dogs and indicate the urgent need to conduct well-

designed studies in this regard to understand the epidemiological situation of the disease

in  these  subpopulations.  However,  despite  the  low  methodological  quality  of  the

recovered cross-sectional studies, the findings also showed that leptospirosis is present

worldwide among stray and sheltered dogs, constituting an important threat to human

and animal health.
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Tables

Table 1: Detailed information of the 60 cross-sectional studies selected by this systematic review on canine leptospirosis in stray or sheltered dogs, published between 1973 and 2019.

First author,
Year

Town / city State / Province Country Period Year Population
No

sampled
dogs

Leptopira
positive

dogs (%) 
Diagnostic method Diagnostic method Cut-off

Information
on

leptospirosis
vaccination

Risk
factor

analysis

Adesiyun,
2006

NI NI
Trinidad and

Tobago
February to

July
2005 Sheltered 113 5 (4.42) MAT

1:100 dilution or greater was
considered seropositive, 1:800

considered acute infection
No No

Baraitareanu,
2014

Galati County, Braila
County and Arges County

South-Eastern Region Romenia NI NI Sheltered 77 31 (40.26) PCR and MAT
1:100 dilution with 50%

agglutination
No No

Baraitareanu,
2019

NI NI Romenia NI NI Sheltered 19 18 (94.74) PCR and MAT NI No No

Batista, 2004 Patos Paraíba Brazil
February to

April
2003 Stray 130 26 (20.00) MAT

1:100 dilution with 50%
agglutination

No Yes

Belitardo,
2000

UEL/Londrina Paraná Brazil
March to

September

1998
to

1999
Stray 289 110 (38.06) MAT/DEU/Isolation

1:100 dilution with 50%
agglutination

No No

Benacer, 2017
Klang Valley in Kuala

Lumpur
Selangor Malaysia NI

2012
to

2013
Stray 150 11 (7.33)

Isolation/PCR/MAT/
Sequencing/PFGE

NI for MAT No No

Benitez, 2010 UEL/Londrina Paraná Brazil
July to

September
2007 Stray 33 7 (21.21) MAT

1:100 dilution with 50%
agglutination

Yes No

Blazius, 2005 Itapema Santa Catarina Brazil
August to

May

2000
to

2005
Stray 590 62 (10.51) MAT

1:100 dilution with 50%
agglutination

No No

Chetta, 2014 Sicily Sicily Italy
April to
March

2009
to

2010
Sheltered 183 26 (14.21) PCR NA No No

Chou, 2014
Taichung, Changhua and

Yunlin County
Central region Taiwan

August to
July

2009
to

2011
Sheltered 720 52 (7.22) PCR NA No Yes

Cruz-Ramero,
2013

Veracruz Veracruz Mexico NI NI Sheltered 92 8 (8.70) MAT
Equal to or greater than 1:100

dilution
Yes Yes

Desvars, 2013 NI NI
Reunion
Island

February
and August

2009 Stray 50 23 (46.00) MAT/PCR/qPCR 1:100 cut off No No

Desvars, 2012 Mayotte Island Comoros Islands
Indian

Ocean Island
(France)

March and
May

2007 Stray 8 7 (87.50) MAT/qPCR/ Sequencing 1:100 cut off Yes No
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Dharanesh,
2009 †

Bangalore Karnataka India NI NI Sheltered - 79 (-) MAT
1:100 dilution with 50%

agglutination
No No

Farrington,
1982

Guaynabo, San Juan and
Mayaguez

Metropolitan Region of
San Juan-Caguas-

Guaynabo,
Metropolitan Region of

Mayaguez

Puerto Rico
June to
August

1980 Sheltered 116 73 (62.93) MAT 1:100 dilution No No

Feng, 2015
Kaohsiung City and

Pingtung County
Southeast region Taiwan

August to
July

2009
to

2011
Sheltered 720 0 (0.00) PCR and Sequencing NA No No

Fonzar, 2012 Maringá Paraná Brazil NI
2006

to
2008

Stray 355 41 (11.55) MAT NI No No

Goh, 2019 NI Johore and Selangor Malaysia 5 Months NI Sheltered 193 42 (21.76) MAT
1:100 dilution with 50%

agglutination
Yes Yes

Gonçalez,
2010

Avaré São Paulo Brazil NI NI Sheltered 300 28 (9.33) MAT NI No No

Hafemann,
2018

Assis Chateaubriand, São
Jorge do Patrocínio,
Pérola, Umuarama,
Marechal Cândido

Rondon, Moreira Sales,
and Paranavaí.

Paraná Brazil
March and

October
2015 Sheltered 181 30 (16.57) MAT

1:100 dilution with 50%
agglutination

No No

Ivana, 2010 Bucharest Muntenia region Romania NI NI Sheltered 103 38 (36.89) MAT
1:400 dilution and 50%
microscopic field were

agglutinated
Yes No

Jimenez-
Coello, 2010

Tuxtla Gutierrez Chiapas Mexico
January to

July
NI Sheltered 224 11 (4.91) MAT NI No Yes

Jimenez-
Coello, 2008

Merida Yucatan Mexico NI NI Sheltered 400 140 (35.00) MAT and ELISA
1:100 dilution with 50%

agglutination
No No

Jittapalapong,
2009

Bangkok Central Region Thailand NI NI Stray 230 205 (89.13) MAT
1:100 dilution with 50%

agglutination
No Yes

Jung, 2008 Seoul Northwest region Korea
October and
December

2005
and

2006
Sheltered 80 6 (7.50) MAT 1:100 dilution No No

Khamesipour,
2014

Isfahan and Shahrekord
Ispaão Province and

Chaharmahal and
Bakhtiari Province

Iran
May and

December
2013 Stray 30 12 (40.00) PCR NA No Yes

Khor, 2016. NI Selangor Malaysia December 2014 Sheltered 80 3 (3.75) MAT and PCR 1:80 dilution Yes No

Kumar, 2009 Delhi
National Capital

Region
India NI NI Stray 42 4 (9.52) MAT and Lipl32 ELISA

1:100 dilution with 50%
agglutination

Yes No

Lau, 2017 NI NI Malaysia NI NI Sheltered 96 3 (3.13) MAT 1:80 dilution with >50% Yes No
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agglutination

Mamak, 2014. Kangal Sivas Turkey NI NI
Stray and
Sheltered

29 2 (6.90) MAT NI No No

Manić, 2014 Leskovac Jablanica District Serbia NI NI Stray 50 4 (8.00) MAT 1:100 dilution No No

Medina 2010 Maracay Aragua Venezuela NI NI Sheltered 30 30 (100.00) MAT Major or equal to 1:100 title No No

Meira, 2011 Ilheus Bahia Brazil NI NI Stray 100 4 (4.00) PCR NA No Yes

Miotto, 2018
São Paulo, Mogi das
Cruzes and USP/São

Paulo
São Paulo Brazil NI NI

Stray and
Sheltered

123 54 (43.90) PCR and MAT
1:100 dilution with 50%

agglutination
Yes No

Myburgh, 
1993

Pretoria Tshwane district South Africa NI
1989

to
1990

Stray 400 7 (1.75) MAT 1:160 dilution or more No No

Ojha, 2018
Kathmandu, Bhaktapur

and Lalitpur
Kathmandu Valley Nepal

August to
January

2016
to

2017
Stray 70 8 (11.43)

ELISA Test Kit (Biogal's
Immunocomb Canine

Antibody Test Kit)

Identify at levels of s0 to s6,
which can be low, moderate or

high, cut off s3.
Yes Yes

Oliveira, 
2012‡

Porto Alegre Rio Grande do Sul Brazil
May and
February

2007
and

2009
Sheltered 65 35 (53.85) MAT and PCR 1:100 dilution or more No No

Ortega-
Pacheco, 2008

Merida Yakatan Mexico NI NI Stray 350 122 (34.86) MAT NI No No

Paz, 2015 Belém and Castanhal Pará Brazil NI
2009

to
2010

Sheltered 143 22 (15.38) MAT
1:100 dilution with 50%

agglutination
No Yes

Rivera Flores, 
1999

Mexico City Federal District Mexico NI NI Sheltered 135 52 (38.52) MAT 1:100 dilution No No

Roach, 2010† NI

Provinces of Kwazulu-
Natal, Eastern Cape,
Western Cape and

Gauteng

South Africa NI NI Sheltered - - MAT
1:100 dilution with 50%

agglutination
No Yes

Rodríguez, 
2004

Cali Cauca Valley Colombia NI
2001

to
2003

Stray 197 81 (41.12) MAT
1:100 dilution with 50%

agglutination
No No

Ryu, 1975

Tokyo, Sakai, Nagoya,
Himeji, Hiroshima,

Takamatsu, Matsuyama
and Naha

Honshu Island, Chūbu
region, Hyōgo

province, Chugoku
region, Kagawa
province, Ehime

province and Okinawa 

Japan NI NI Stray 1,615 351 (21.73)
Schuffner-Mochtar's

Agglutination-Lysis Test
NI No No

Scanziani, 
2002

Milan Lombardia region Italy NI NI Sheltered 211 71 (33.65) MAT
1:100 dilution to all serovars
and 1:800 for Canicola and

Icterohaemohrragiae
Yes No

Segovia, 2013 Campeche Yucatan Peninsula Mexico NI NI Stray 142 38 (26.76) MAT 1:100 dilution and presented Yes No
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50% agglutination or more was
title with two reason dilution

Senthil, 2013 Namakkal Tamilnadu India NI NI Stray 176 143 (81.25) MAT
1:40 dilution with 50%

agglutination
Yes No

Siam, 1973 Cairo and Giza Cairo Egypt NI NI Stray 50 6 (12.00)
Schuffner-Mochtar's

agglutination-lysis test
NI No No

Silva, 2017 Terezina Piaui Brazil
July to
January

2010
to

2012
Sheltered 425 74 (17.41) MAT

1:100 dilution with 50%
agglutination

No No

Thakur, 2014† NI Kathmandu Nepal
April to
August

NI Stray 31 -
Ig by Rapid Test Kit

Method (SD Bioline).
NA Yes No

Thiermann, 
1980

Detroit Michigan
United

States of
America

NI NI Stray 556 187 (33.63) MAT NI No No

Tuemmers, 
2013

Temuco Cautín province Mexico 18 Months 2011 Stray 400 85 (21.25)
ELISA Test Kit (Biogal's

Immunocomb Canine
Antibody Test Kit)

Identify at levels of s0 to s6,
which can be low, moderate or

high, cut off s3.
No Yes

Vicari, 2007. Palermo and Agrigento Sicily Italy NI NI Sheltered 64 5 (7.81) PCR NA No No

Villanueva, 
2018

Manila, Quezon City and
Makati City

Manila and Lone de
Taguig City-Pateros

district
Philippines

January to
August

2007
to

2008
Sheltered 109 86 (78.90) MAT and Isolation

1:80 dilution with 50%
agglutination

No No

Vojinović, 
2015

NI NI Serbia
April to

June

2010
to

2013
Sheltered 1,045 57 (5.45) MAT 1:100 dilution Yes No

Weekes, 1997 NI NI Barbados NI NI Sheltered 78 48 (61.54) MAT 1:100 dilution No No

Yasuda, 1980a São Paulo São Paulo Brazil
October to
September

1976
to

1977
Stray 1,415 35 (2.47) Isolation NA No No

Yasuda, 
1980b

São Paulo São Paulo Brazil
October to
September.

1976
to

1977
Stray 1,428 308 (21.57) MAT 1:100 dilution No No

Zaidi, 2018 Algiers Argel province Algeria
April to

November
2017 Stray 104 5 (4.81) qPCR/ PCR/ Sequencing NA No Yes

Ziehl-Quirós, 
2017

Guadalupe Fur Seal Isla Guadalupe Mexico August 2014 Stray 46 12 (26.09) MAT
1:50 dilution with 50%

agglutination
No No

Zwijnenberg, 
2008

NI

Queensland, New
South Weles, Western
Australia and Northern

Territory

Australia NI 2004 Sheltered 956 18 (1.88) MAT
≥1:50 or 1:100 to serovars L.
interrogans sv. Copenhageni

and sv. Australis
Yes Yes
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UEL: Universidade Estadual de Londrina (State University of Londrina). USP: Universidade de São Paulo (University of São Paulo). MAT: Microscopic Agglutination Test. PCR: Polymerase

Chain Reaction.  PFGE: Pulse Field Gel  Electrophoresis.  DUE: Direct  Urine Examination in dark field.  ELISA: Enzyme Linked Immunosorbent  Assay.  Lip32 ELISA: Enzyme Linked

Immunosorbent Assay using the Lip32 protein as antigen. qPCR: quantitative Polymerase Chain Reaction. Sv: serovar. NI: Not Informed. NA: Not applicable. †: Does not separate sampled or

positive results for stray or sheltered dogs from other dogs sampled. ‡: Considered only positives in MAT.
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Table 2: Evaluation of potential limitations and bias in the methodology of the 60 papers selected by this systematic review.

First author, year Objective Local Period Population
Case

definition

Referenced
or 50%

Prevalence

Level of
confidence

Estimation
of dog

population

Statistical
error

Randomized
sample

Score
Impact
Factor

Adesiyun, 2006 1 1 1 1 1 0 0 0 0 0 5 NA
Baraitareanu, 2014 1 1 0 1 1 0 0 1 0 0 5 NA
Baraitareanu, 2019 1 1 0 1 1 0 0 1 0 0 5 NA
Batista, 2004 1 1 1 1 1 1 1 1 1 0 9 NA
Belitardo, 2000 1 1 1 1 1 0 0 0 0 0 5 0.412
Benacer, 2017 1 1 1 1 1 0 0 0 0 0 5 0.509
Benitez, 2010 1 1 1 1 1 0 0 0 0 0 5 0.412
Blazius, 2005 1 1 1 1 1 0 0 0 0 0 5 1.408
Chetta, 2014 1 1 1 1 1 0 0 0 0 0 5 1.175
Chou, 2014 1 1 1 1 1 0 0 1 0 0 6 0.234
Cruz-Ramero, 2013 1 1 0 1 1 0 0 0 0 0 4 NA
Desvars, 2012 1 1 1 1 1 0 0 0 0 0 5 2.152
Desvars, 2013 1 1 1 1 1 0 0 0 0 0 5 2.126
Dharanesh, 2009 0 1 0 1 1 0 0 0 0 0 3 0.278
Farrington, 1982 1 1 1 1 1 0 0 0 0 0 5 NA
Feng, 2015 1 1 1 1 1 0 0 1 0 0 6 0.234
Fonzar, 2012 1 1 1 1 1 0 0 1 0 0 6 1.339
Goh, 2019 1 1 0 1 1 0 0 0 0 0 4 2.849
Gonçalez, 2010 1 1 0 1 0 0 0 0 0 0 3 0.279
Hafemann, 2018 1 1 1 1 1 0 0 0 0 0 5 0.412
Ivana, 2010 1 1 0 1 1 0 0 0 0 0 4 NA
Jimenez-Coello, 2008 1 1 0 1 1 1 1 1 1 0 8 2.249
Jimenez-Coello, 2010 1 1 0 1 0 0 0 0 0 0 3 2.555
Jittapalapong, 2009 1 1 0 1 1 0 0 0 0 0 4 0.245
Jung, 2008 1 1 1 1 1 0 0 0 0 0 5 2.442
Khamesipour, 2014 1 1 1 1 1 0 0 0 0 0 5 NA
Khor, 2016 1 1 1 1 1 0 0 1 0 0 6 0.509
Kumar, 2009 1 1 0 1 1 0 0 0 0 0 4 0.278
Lau, 2017 1 1 0 1 1 0 0 1 0 0 5 0.983
Mamak, 2014 1 1 0 1 0 0 0 0 0 0 3 NA
Manić, 2014 0 1 0 1 1 0 0 0 0 0 3 NA
Medina 2010 1 1 0 1 1 0 0 1 0 0 5 NA
Meira, 2011 1 1 0 1 1 1 1 1 1 0 8 NA
Miotto, 2018 1 1 0 1 1 0 0 1 0 0 5 2.740
Myburgh, 1993 0 1 1 1 1 0 0 0 0 0 4 1.160
Ojha, 2018 1 1 1 1 1 0 1 1 1 0 8 1.868
Oliveira, 2012 1 1 1 1 1 0 0 0 0 0 5 0.321
Ortega-Pacheco, 2008 1 1 0 1 1 0 0 0 0 0 4 4.728
Paz, 2015 1 1 1 1 1 0 0 1 0 0 6 0.768
Rivera Flores, 1999 0 1 0 1 1 0 0 0 0 0 3 0.192
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Roach, 2010 1 1 0 1 1 0 1 0 1 0 6 1.160
Rodríguez, 2004 1 1 1 1 1 0 0 0 0 0 5 NA
Ryu, 1975 0 1 0 1 0 0 0 0 0 0 2 NA
Scanziani, 2002 1 1 0 1 1 0 0 1 0 0 5 1.103
Segovia, 2013 1 1 0 1 1 1 1 1 1 0 8 1.221
Senthil, 2013 1 1 0 1 1 0 0 0 0 0 4 0.234
Siam, 1973 1 1 0 1 0 0 0 0 0 0 3 NA
Silva, 2017 1 1 1 1 1 0 0 0 0 0 5 NA
Thakur, 2014 1 1 0 1 0 0 0 0 0 ;0 3 NA
Thiermann, 1980 1 1 0 1 0 0 0 0 0 0 3 0.811
Tuemmers, 2013 1 1 1 1 1 1 1 0 0 0 7 0.520
Vicari, 2007 0 1 0 1 1 0 0 0 0 0 3 NA
Villanueva, 2018 1 1 1 1 1 0 0 0 0 0 5 NA
Vojinović, 2015 1 1 1 1 1 0 0 0 0 0 5 0.552
Weekes, 1997 1 1 0 1 1 0 0 0 0 0 4 3.030
Yasuda, 1980a 1 1 1 1 1 0 0 0 0 0 5 NA
Yasuda, 1980b 1 1 1 1 1 0 0 0 0 0 5 1.748
Zaidi, 2018 1 1 1 1 1 0 0 0 0 0 5 2.740
Ziehl-Quirós, 2017 1 1 1 1 1 1 1 1 1 0 9 1.368
Zwijnenberg, 2008 1 1 1 1 1 1 1 1 1 0 9 1.145

Objective: clearly stated objective. Local: clear definition of location where the study (city or state or country) was carried out. Period: clear definition of period (year) when the
study was carried out. Population: clear definition of the studied population (stray or sheltered dogs). Case Definition: clear case definition (leptospirosis-positive). Referenced
or 50% Prevalence: a referenced or 50% prevalence was used. Level of Confidence: a level of confidence was adopted. Estimation of Dog Population: the size of sampled dog
population  was  estimated  or  an  infinite  population  was  considered.  Statistical  Error:  a  statistic  error  was  adopted.  Randomized  Sample:  the  sampling  performed  was
randomized or all animas in the population were sampled (census). Score: It is the sum of all information showed for each article. Impact Factor - Impact factor of the journal by
the Journal Citation Reports, year of 2019. NA – value of Impact Factor not Present. A value of 1 was assigned when the characteristic assessed was present (gray cells) and 0
when it was absent (white cells).
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Table 3: Frequency of leptospirosis positive dogs weighted by the number of animals sampled for stray, sheltered and total dog population obtained from the 60 

papers selected in this systematic review.

Author, Year
Stray Sheltered Total

Sample
d

Wt
(%)

Positive
s

Freq
(%)

Wt freq
(%)

Sample
d

Wt
(%)

Positive
s

Freq
(%)

Wt Freq
(%)

Sample
d

Wt
(%)

Positive
s

Freq
(%)

Wt Freq
(%)

Adesiyun, 2006 NT NT NT NT NT 113 1.59 5 4.42 7.05 113 0.70 5 4.42 3.10

Baraitareanu, 2014 NT NT NT NT NT 77 1.09 31 40.26 43.69 77 0.48 31 40.26 19.24

Baraitareanu, 2019. NT NT NT NT NT 19 0.27 18 94.74 25.37 19 0.12 18 94.74 11.17

Batista, 2004 130 1.44 26 20.00 28.82 NT NT NT NT NT 130 0.81 26 20.00 16.13

Belitardo, 2000 289 3.20 110 38.06 121.94 NT NT NT NT NT 289 1.79 110 38.06 68.26

Benacer, 2017 150 1.66 12 8.00 13.30 NT NT NT NT NT 150 0.93 12 8.00 7.45

Benitez, 2010. 33 0.37 7 21.21 7.76 NT NT NT NT NT 33 0.20 7 21.21 4.34

Blazius, 2005 590 6.54 62 10.51 68.73 NT NT NT NT NT 590 3.66 62 10.51 38.47

Chetta, 2014 NT NT NT NT NT 183 2.58 26 14.21 36.65 183 1.14 26 14.21 16.13

Chou, 2014 NT NT NT NT NT 720 10.15 52 7.22 73.29 720 4.47 52 7.22 32.27

Cruz-Ramero, 2013 NT NT NT NT NT 92 1.30 8 8.70 11.28 92 0.57 8 8.70 4.96

Desvars, 2013 50 0.55 23 46.00 25.50 NT NT NT NT NT 50 0.31 23 46.00 14.27

Desvars, 2012 8 0.09 7 87.50 7.76 NT NT NT NT NT 8 0.05 7 87.50 4.34

Farrington, 1982 NT NT NT NT NT 116 1.63 73 62.93 102.89 116 0.72 73 62.93 45.30

Feng, 2015 NT NT NT NT NT 720 10.15 73 10.14 102.89 720 4.47 0 0.00 0.00

Fonzar, 2012 355 3.94 41 11.55 45.45 NT NT NT NT NT 355 2.20 41 11.55 25.44

Goh, 2019 NT NT NT NT NT 193 2.72 42 21.76 59.20 193 1.20 42 21.76 26.06

Gonçalez, 2010 NT NT NT NT NT 300 4.23 28 9.33 39.46 300 1.86 28 9.33 17.37

Hafemann, 2018 NT NT NT NT NT 181 2.55 30 16.57 42.28 181 1.12 30 16.57 18.62

Ivana, 2010 NT NT NT NT NT 103 1.45 38 36.89 53.56 103 0.64 38 36.89 23.58

Jimenez-Coello, 2010 NT NT NT NT NT 224 3.16 11 4.91 15.50 224 1.39 11 4.91 6.83

Jimenez-Coello, 2008 NT NT NT NT NT 400 5.64 140 35.00 197.32 400 2.48 140 35.00 86.87

Jittapalapong, 2009 230 2.55 205 89.13 227.25 NT NT NT NT NT 230 1.43 205 89.13 127.20

Jung, 2008 NT NT NT NT NT 80 1.13 6 7.50 8.46 80 0.50 6 7.50 3.72

Khamesipour, 2014 30 0.33 12 40.00 13.30 NT NT NT NT NT 30 0.19 12 40.00 7.45

Khor, 2016. NT NT NT NT NT 80 1.13 3 3.75 4.23 80 0.50 3 3.75 1.86

Kumar, 2009 42 0.47 4 9.52 4.43 NT NT NT NT NT 42 0.26 4 9.52 2.48

Lau, 2017 NT NT NT NT NT 96 1.35 3 3.13 4.23 96 0.60 3 3.13 1.86

Mamak, 2014. 8 0.09 2 25.00 2.22 21 0.30 0 0.00 0.00 29 0.18 2 6.90 1.24
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Manić, 2014 50 0.55 4 8.00 4.43 NT NT NT NT NT 50 0.31 4 8.00 2.48

Medina 2010 NT NT NT NT NT 30 0.42 30 100.00 42.28 30 0.19 30 100.00 18.62

Meira, 2011 100 1.11 4 4.00 4.43 NT NT NT NT NT 100 0.62 4 4.00 2.48

Miotto, 2018 7 0.08 6 85.71 6.65 116 1.63 53 45.69 74.70 123 0.76 59 47.97 36.61

Myburgh, 1993 400 4.43 7 1.75 7.76 NT NT NT NT NT 400 2.48 7 1.75 4.34

Ojha, 2018 70 0.78 8 11.43 8.87 NT NT NT NT NT 70 0.43 8 11.43 4.96

Oliveira, 2012 NT NT NT NT NT 65 0.92 35 53.85 49.33 65 0.40 35 53.85 21.72

Ortega-Pacheco, 2008 350 3.88 122 34.86 135.24 NT NT NT NT NT 350 2.17 122 34.86 75.70

Paz, 2015 NT NT NT NT NT 143 2.02 22 15.38 31.01 143 0.89 22 15.38 13.65

Rivera Flores, 1999 NT NT NT NT NT 135 1.90 52 38.52 73.29 135 0.84 52 38.52 32.27

Rodríguez, 2004 197 2.18 81 41.12 89.79 NT NT NT NT NT 197 1.22 81 41.12 50.26

Ryu, 1975 1615 17.90 351 21.73 389.09 NT NT NT NT NT 1615 10.02 351 21.73 217.80

Scanziani, 2002 NT NT NT NT NT 211 2.97 71 33.65 100.07 211 1.31 71 33.65 44.06

Segovia, 2013 142 1.57 38 26.76 42.12 NT NT NT NT NT 142 0.88 38 26.76 23.58

Senthil, 2013 176 1.95 143 81.25 158.52 NT NT NT NT NT 176 1.09 143 81.25 88.73

Siam, 1973 50 0.55 6 12.00 6.65 NT NT NT NT NT 50 0.31 6 12.00 3.72

Silva, 2017 NT NT NT NT NT 425 5.99 74 17.41 104.30 425 2.64 74 17.41 45.92

Thiermann, 1980 556 6.16 187 33.63 207.29 NT NT NT NT NT 556 3.45 187 33.63 116.03

Tuemmers, 2013 400 4.43 85 21.25 94.22 NT NT NT NT NT 400 2.48 85 21.25 52.74

Vicari, 2007. NT NT NT NT NT 64 0.90 5 7.81 7.05 64 0.40 5 7.81 3.10

Villanueva, 2018 NT NT NT NT NT 109 1.54 86 78.90 121.21 109 0.68 86 78.90 53.36

Vojinović, 2015 NT NT NT NT NT 1045 14.73 57 5.45 80.34 1045 6.48 57 5.45 35.37

Weekes, 1997 NT NT NT NT NT 78 1.10 48 61.54 67.65 78 0.48 48 61.54 29.78

Yasuda, 1980a 1415 15.69 35 2.47 38.80 NT NT NT NT NT 1415 8.78 35 2.47 21.72

Yasuda, 1980b 1428 15.83 308 21.57 341.43 NT NT NT NT NT 1428 8.86 308 21.57 191.11

Zaidi, 2018 104 1.15 5 4.81 5.54 NT NT NT NT NT 104 0.65 5 4.81 3.10

Ziehl-Quirós, 2017 46 0.51 12 26.09 13.30 NT NT NT NT NT 46 0.29 12 26.09 7.45

Zwijnenberg, 2008 NT NT NT NT NT 956 13.47 18 1.88 25.37 956 5.93 18 1.88 11.17
Total / Weighted average 
(%)

9021
100.0

0
1913 29.14 73.12 7095

100.0
0

1138 28.05 53.46 16116
100.0

0
2978 27.63 32.42

Wt (%): Weight. Freq (%): frequency of positives dogs according to sampled dogs by study. Wt freq (%): Weighted frequency - weight multiplied by frequency of positives dogs. NT: Not

tested.
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Table 4: Comparison between the frequency of seropositive according to the  Leptospira  spp. serovars observed by Microscopic Agglutination Test or

Schuffner-Mochtar's  agglutination-lysis  test  and the  composition  of  the  vaccines  used  to  vaccinate  the  dogs among the  selected  articles  that  informed the

vaccination status of the sampled animals.

First author,
year

Population
Serovars tested

Leptospira spp. serovars
presented in the VaccineCani Icte Grip Aust Pomo Pyro 

Cas
t

Autu Brat Bata Hard Tara
Sej
r

Sher Java Wolf

Khor, 2016 Sheltered Neg Neg Neg Neg Neg NT NT NT NT 100% NT Neg NT NT NT NT
Icterohaemorrhagiae, Canicola,

Pomona and Grippotyphosa

Kumar, 2009 Stray 50% Neg Neg Neg Neg 20% NT NT NT NT Neg 20% NT NT Neg NT Icterohaemorrhagiae and Canicola

Lau, 2017 Sheltered Neg Neg Neg 33% Neg Neg NT NT NT 33% NT Neg Neg NT 33% NT
Icterohaemorrhagiae, Canicola,

Pomona and Grippotyphosa

Miotto, 2018
Stray and
Sheltered

2% 65% 7% Neg 39% 26% Neg 83% Neg Neg Neg Neg 2% 2% Neg 2%
Icterohaemorrhagiae, Canicola,

Autumnalis and Pomona.
Scanziani, 
2002

Sheltered 14% 14% 35% NT 4% NT 1% NT 55% NT 3% 1% NT NT NT NT Icterohaemorrhagiae and Canicola

Cani: Canicola.  Icte: Icterohaemohrragiae.  Grip: Grippodyphosa. Aust: Australis. Pomo: Pomona. Pyro: Pyrogenes.  Cast: Castellonis. Autu: Autumnailis. Brat: Bratislava. Bata: Bataviae.

Hard: Hardjo. Tara: Tarassovi. Sejr: Sejroe. Sher: Shermani. Java: Javanica. Wolf: Wolffi. Neg: Negative. NT: Not tested. The common serovars used in the vaccine and tested by serological

tests are highlighted by grey shading.
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Table  5: Significant  risk  factors  for  canine  leptospirosis  observed  in  the  articles
selected by this systematic review that performed this analysis.

First author, year Population Variable P-value OR 95% CI

Chou, 2014† Sheltered dogs
Age < 0.01 NI NI
Sampling season < 0.001 NI NI

Paz, 2015 Sheltered dogs

Place - - -
CCZ 0.04 4 1.41 to 11.0

Shelter Base category - -
Street access - - -

Always 0.02 13.5 1.5 to 125.0
Sometimes Base category - -

Goh, 2019 Sheltered dogs

Rat contact‡ - - -
Yes 0.043 4.61 NI
No Base category - -

Shared common area - - -
Yes 0.002 4.51 NI
No Base category - -

Location - - -
Urban 0.008 2.23 NI
Rural Base category - -

Khamesipour, 2014 Stray dogs
Type Population - - -

Stray Dog < 0.0001 NI NI

Roach, 2010 Sheltered dogs

Type Population - - -
Stray Dogs 0.0017 NI NI

Province - - -
Eastern Cape 0.02 NI NI
Western Cape 0.02 NI NI

Zaid, 2018 Street dogs
Age - - -

< 1 year 0.0001 NI NI

OR: Odds Ratio.  95%  CI:  95% Confidence  Interval.  CCZ: Centro de Controle  de
Zoonoses (Zoonosis Control Center). †: Did not presented a base category. ‡: Adjusted
Odds ratio. NI: Not Informed.
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Figures legends

Fig. 1: PRISMA Flow diagram of selected studies.

Fig. 2: Geographical and temporal distribution of the selected articles. A) Distribution

of the selected articles  according to the country where the study was performed. B)

Distribution of the selected articles according to the decade of publication and to the

continent where the study was performed.

Fig. 3: Number of sampled and positives unowned (stray or / and sheltered) dogs per

study selected by this systematic review.

Fig.  4:  A) Frequency of methods used for diagnostic  of leptospirosis  among the 60

articles  selected  by this  systematic  review.  The group others  included:  Direct  urine

examination  in  a  dark  field  (n  =  1),  Sequencing  (n  =  3),  Pulsed  Field  Gel

Electrophoresis (n = 1), Schuffner-Mochtar's agglutination-lysis test (n = 2) and Ig by

rapid test kit method (SD Bioline) (n = 1). The ELISA tests used were: LipL32 ELISA

(n = 1), ELISA test Kit (Biogal's Immunocomb canine antibody test kit) (n = 2) and

Indirect ELISA (n = 1). B) Frequency of serovars identified by articles that performed

MAT or Schuffner-Mochtar's agglutination-lysis test. Others serovars were: Ranarum,

Sarmin, Louisiana, Manhao, Javanica, Manilae, Semaranga, Losbanos, Poi, Mankarso,

Medanesis,  Robinsoni,  Arborea,  Zanoni,  Fort  bragg,  Sentot,  Whiteombi,  Lai  and

Fortbragg  (one  of  each).  MAT:  Micro  Agglutination  test.  PCR:  Polymerase  Chain

Reaction.  qPCR:  Quantitative  Polymerase  Chain  Reaction.  ELISA:  Enzyme  Linked

Immunosorbent Assay.
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Appendix

Appendix S1: PRISMA checklist

Appendix S2:  Combination of terms used at each database investigated within all the

sections from papers (title, abstract and full text) in all databases, as well as the number

of articles found for the search performed on September 16th, 2019 for the systematic

review on Leptospira spp. infection on stray or sheltered dogs.

Appendix S3: Inclusion and exclusion criteria for selection of studies in this systematic

review.

Appendix S4: Frequency of seropositive dogs according to Leptospira spp. serovars on

MAT or Agglutination Lysis test (MAT precursor) among the papers selected by this

systematic review that performed this analysis.
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