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Background: Visceral leishmaniasis (VL) is one of the most important parasitic diseases
in the world. The domestic dog is the main reservoir of zoonotic VL and a high prevalence
of canine leishmaniasis (Canl) is associated with transmission of infection to humans.
Here we describe the methodology used to obtain a rapid and representative sample
of domestic dogs in the city of Posadas, Misiones, and compare the prevalence of
Leishmania infection with a sample of shelter dogs.

Methodology: We used the city land registry to make a random selection of
homes and systematically recruited 349 domestic dogs from the selected properties.
We also included all dogs from the main canine shelter within the city. Dogs were
examined by two experienced veterinarians who recorded the presence of clinical signs
common in CanlL using a standardized protocol. We extracted a blood sample from
each dog and performed four different serological tests to reveal the presence of
anti-Leishmania antibodies.

Results: After clinical examination, 145 domestic dogs (41.5%) and 63 (90%) shelter
dogs had clinical signs compatible with CanL (p < 0.001). The seroprevalence among
domestic dogs was 20.1% (95% Cl 16.1-24.6) which was significantly lower than among
the abandoned dogs (38.6%, 95% CIl 27.7-50.6, p < 0.001). The spatial distribution
of infected dogs was fairly homogenous throughout the city. Among domestic dogs,
we observed a positive association between where the dog slept and presence of
anti-Leishmania antibodies (p = 0.034). Of the seropositive domestic dogs 38 (54.4%)
were asymptomatic.

Conclusions: Our findings demonstrate how seroprevalence results can be highly
influenced by sampling methodology. We demonstrate how the land registry can be
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used to estimate the prevalence of CanL in representative sample of domestic dogs in an
urban setting, allowing decision makers to deepen their understanding the epidemiology
of CanL in a timely and efficient manner for the development of plans to address both

human and canine disease.

Keywords: visceral leishmaniasis, canine leishmaniasis, sampling, epidemiology, canine population

INTRODUCTION

Visceral leishmaniasis (VL) is one of the most important parasitic
diseases in the world. The domestic dog is the main reservoir of
zoonotic VL (ZVL) and a high prevalence of canine leishmaniasis
(CanL) is associated with transmission of infection to humans
(1, 2). ZVL is widespread in Latin America (3), where it is
caused by Leishmania infantum (syn. L. chagasi) transmitted by
phlebotomine sand flies of the genus Lutzomyia (Psychodidae)
(4), and is an increasing public health problem (5).

It has a strong complex link with poverty mainly in rural and
suburban areas but has been growing among urban populations
in recent years (6). Emerging focuses of disease can be difficult
to manage and have been associated with widespread culling
of infected dogs although evidence supporting this approach
is lacking (7). Many factors are thought to contribute to the
expansion and urbanization of ZVL, such as environmental
changes, changes in the ecology and biology of Lutzomyia
longipalpis and population migration from rural to urban
areas (8).

In Argentina, leishmaniasis is an emerging disease, with a
growing number of human and canine clinical cases (9). In
Posadas, in the province of Misiones, Argentina, the first human
transmission of ZVL associated with dogs and Lu. longipalpis was
reported in 2006 (10). The presence of L. infantum was further
described in Lu. longipalpis sandflies and dogs using molecular
methods (11, 12). In 2009, after human cases of Leishmania had
been identified within the city, local health authorities were keen
to understand the spread of canine infection within the city in
a non-biased manner. Together with local health authorities,
we set out to estimate the prevalence of Leishmania infection
among the canine population in Posadas, by designing a rapid but
robust sampling method to understand the epidemiology of the
infection within the city using the available but limited resources.
This current report shares the methods we used and demonstrate
the importance of the adequate selection of the sample and its
impact on the epidemiological interpretation of the disease.

In order to provide a valid estimation of disease prevalence
it is necessary to include a representative sample of the total
population. Ideally, estimates should be drawn through a simple
random sample where all members of the population have
an equal opportunity to be selected in the sample, but when
it comes to dog populations it can be logistically difficult to
determine the total population size let alone the probability of the
inclusion of each animal in the sample (13). When recent canine
censuses are available, prevalence studies are able to obtain a
representative sample fairly easily by extracting a random sample
from the census or performing the serosurvey alongside the
census. Surveys of this type may be carried out due to the known

presence of human or canine cases of VL (14). Even when canine
censuses are present, limitations remain because they are rarely
up to date and do not include free roaming dogs. Other options
include the recruitment of animals through the local veterinary
practices (15), or taking advantage of local rabies vaccination
campaigns (16).

In Posadas, like many of the places in Latin America where
CanL is widespread, there was no official census of canines
that could be used to extract a random sample. Furthermore,
there was a significant population of free-roaming dogs with
no owner, and registration of the domestic dogs with local
veterinary practices is far from comprehensive. For this reason,
we needed to develop a novel strategy to extract a random sample
of domestic dogs within the city, working with the information
available. Furthermore, Misiones is one of the poorest provinces
in Argentina and given the competing health problems in this
area, we wanted to make the estimation as efficiently as possible,
i.e., using the minimum number of dogs to make an accurate
estimation with adequate precision.

In this paper, we describe the methodology used to obtain a
representative sample of domestic dogs in the city of Posadas. We
describe the presence of anti-Leishmania antibodies in domestic
dogs and a systematic sample of dogs housed in a private dog
shelter in the same region in the same time period. We identify
variables related to infection in both populations. The main
objective of this report is to share the methodology used to obtain
a rapid and representative sample of domestic dogs in this urban
setting. Furthermore, we aim to reveal how the sampling strategy
can have major implications on the validity of epidemiological
indicators for the development and monitoring of activities to
address canine disease.

METHODS
Study Area

The surveys were conducted between 1st of October and 15th
of November 2009 in the city of Posadas (27° 23’ S, 55°
53’ W), located in the southwest of Misiones province, northeast
Argentina. In 2008, Posadas had an estimated population of
297,499 inhabitants. The surface area of the city is 324 Km?, and
it is characterized by a subtropical humid climate with an annual
rainfall of 1,700 mm and an average temperature of 21.5°C.

Sample Size

To estimate the prevalence of Leishmania infection in domestic
dogs in Posadas, we attempted to obtain a random sample of all
domestic dogs in the city. We calculated a priori that we would
need between 322 and 368 dogs to provide a reliable estimate with
an error margin of &= 5%, at a 95% confidence level, using Epidat
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3.1 software [Jan 2006; Servizo de Epidemioloxia da Direccion
Xeral de Innovacién e Xestion da Saude Publica a Conselleria
de Sanidade (Xunta de Galicia) and the Pan American Health
Organization (PAHO), http://dxsp.sergas.es]. This calculation
required the following assumptions: (i) an estimated total dog
population of 100,000 and (ii) an estimated prevalence of 30—
40%. These assumptions were made after consultation with
local government as to the expected size of the domestic dog
population and observation for the prevalence obtained in
similar settings in the region (3, 12).

Sampling Strategy
Given that it is unfeasible to carry out simple random sampling
of the Posadas city domestic dogs, we used the City Land Registry
Census to define our primary sampling unit. In this census, the
city of Posadas is divided into almost 90,000 separate registries
which mostly refer to individual properties. To allow for registry
errors, non-urbanized entries on the land registry (e.g., parks,
wasteland, recently flooded areas, etc.), dog owner’s refusal to
participate in the survey and ineligibility of the property (e.g.,
commercial properties or properties without a dog) we selected
a total of 600 properties from the City Land Registry by simple
random sampling. To minimize losses, it was decided a priori
that if the initially selected property was ineligible (due to being
commercial or not having a dog) the field workers would go to
the residence located directly to the right. Furthermore, when
more than one dog lived in the property all dogs were offered
diagnosis but only one was selected at random to be included
in the prevalence survey. Finally, 349 dogs were included in the
survey. A detailed description of the selection process can be
found in Figure 1. The location of the sampled dogs was plotted
on the map of the city using a GPS point taken in the residence.
Finally, we also recruited 70 abandoned dogs from the “El
Refugio” dog shelter, located in the outskirts of Posadas city. The
sample constituted of all dogs present at the shelter when the
study team visited. Repellent was not used at the dog shelter.

Clinical Observation and Data Collection
Each dog was examined by two experienced veterinarians who
recorded clinical signs using a standardized protocol. Dogs

were considered symptomatic if they had one or more of
the following signs, common in canine leishmaniasis: alopecia,
desquamations, skin ulcers, alterations in oral and nasal mucosa,
apathy, weight loss, cachexia, bleeding, onychogryphosis, ocular
signs (conjunctivitis, uveitis or any other), lymphadenopathy,
hepatomegaly and splenomegaly. Other parameters recorded
were age, sex, breed, the number of dogs in the residence, and
whether the dog slept inside or outside the house. Dogs were
grouped according to their age in four different groups: younger
than 1 year, from 1 to 4 years, from 5 to 9 years and 10 years
or over.

Biological Samples

After clinical examination 0.6mL of peripheral blood was
collected in a Multivette® 600 EDTA tube (Sarstedt AG & Co.,
Niimbrecht, Germany). Plasma was separated by centrifugation
(5min to 3,000 r.p.m. in a bench top micro centrifuge). Blood
samples were analyzed at extraction time and the rest of the
samples were stored at 4°C (Universidad Nacional de Misiones,
UNaM) until shipment to the WHO Collaborating Centre for
Leishmaniasis (WHO-CCL) in Madrid (Spain), where they were
stored at —20°C until later analysis. All analysis were performed
within 4 months of sample collection.

Detection of Anti-Leishmania Antibodies
Four different serological tests were performed to reveal
the presence of anti-Leishmania antibodies, two of them
based on the recombinant antigen rK39 (Kalazar Detect®
immunochromatographic test, rK39-ICT, and an in-house
enzyme linked immunosorbent assay, rK39-ELISA), and the
other two based on whole antigen (a commercial direct
agglutination test, DAT, and in-house immunofluorescence
antibody test, IFAT) (17). A more detailed description of these
methods can be found in the Supplementary Data 1. A dog was
considered seropositive when it yielded a positive result for at
least one serological method using total antigen (IFAT and/or
DAT) as well as one using recombinant antigen (ICT whole blood
and/or plasma and/or ELISA).

600 properties

non-urbanized area

i 402 (81.5%) properties
randomly selected from 493 (82.2%) properties with dogs and informed 349 (86.8%) blood
a total of 89,773 located consent provided by sample collected
registries in the Posadas owner
Land Registry Census
107 (17.8%) excluded: 91 (18.5%) excluded:
errors in the d"'ectory’ refusal to pal‘tICIpate by 53 (13.2%) blood Sample

FIGURE 1 | Sampling strategy used to obtain a representative sample of domestic dogs in Posadas, Argentina, 2009.

dog owner, no dog at not collected

property
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Statistical Analysis

Data recorded from the surveys were entered into an Excel
(Microsoft, Redmond, WA, USA) spread sheet and imported into
Stata SE version 15.0 (StataCorp LLC, USA). The proportion of
seropositive dogs was calculated with a 95% confidence interval.
The relationship between the characteristics of the dog and
seroprevalence was evaluated using Pearson’s chi-square test
and differences were considered statistically significant when the
p-value was <0.05.

RESULTS

Of 600 randomly selected land registries, 107 (17.8%) were
excluded because of errors in the registry or because they
were non-urbanized plots of land. Of 493 registries with built
properties, we further excluded 91 (18.5%) because there was no
dog residing at the property, or because the dog owner refused to
participate in the study. Finally, of 402 dog owners who agreed
to participate and signed the informed consent, 52 (13.2%) were
not included in the sero-survey because they did not attend
the appointment with the veterinarians where biological samples
were extracted and clinical signs recorded.

Finally, 349 domestic dogs were included aged between 4
months and 16 years, with a mean age of 5 years. The 70 dogs
from the shelter were older, aged between 3 months and 10
years, with a mean age of 7.3 years (p < 0.001). Table 1 shows
the characteristics of the dogs from both survey populations.
There were no significant differences in sex between the two
populations, but the domestic dogs were more likely to be pure
breed. After clinical examination, 145 domestic dogs (41.5%) and
63 (90%) shelter dogs had clinical signs suggestive of CanL (p <
0.001). The most common clinical sign observed in the dogs was
lymphadenopathy, present in 124 (35.5%) of domestic dogs, and
52 (74.3%) of the shelter dogs. Other common signs observed
in the dogs were onychogryphosis (51, 14.6% of domestic dogs
and 43, 61.4% shelter dogs), desquamations (13.7 and 30%,
respectively) and alopecia (12.6 and 52.9%, respectively).

The spatial distribution of the population in the study area
are shown in Figure 2, along with the seroprevalence. We can
observe a greater concentration of dogs, both with and without
anti-Leishmania antibodies, in the north-east part of the city
corresponding to the more densely populated city center. In less
populated areas the selected dogs are more scattered.

The seroprevalence among domestic dogs was 20.1% (95%
CI 16.1-24.6) which was significantly lower than among the
abandoned dogs (38.6, 95% CI 27.7-50.6, p = 0.001). A detailed
description of seroprevalence with regards to the sex, age group,
breed, where dog slept, number of dogs in the house and clinical
status of the dogs can be found in Table 2. We did not observe
an association between seroprevalence and sex, age group and
clinical status in either of the dog populations. Among domestic
dogs, we observed a positive association between where the dog
slept and presence of anti-Leishmania antibodies (p = 0.034).
Among the dogs from the canine shelter, although there were
few pure breed dogs, we observed that they were more likely to
have anti-Leishmania antibodies (p = 0.048). Of the seropositive

TABLE 1 | Characteristics of the dogs included in the sero-surveys according to
sampling strategy.

Symptoms Representative Systematic  P-value?®
sample of sample of
domestic dogs shelter dogs
N (%) N (%)
Sex 0.756

Male 191 (54.9) 37 (62.8)

Female 157 (45.1) 33 (47.1)

Age group <0.001

<1 year 216.1) 2(2.9

1-4 years 161 (46.5) 11 (15.7)

5-9 years 118 (34.1) 29 (41.4)

10+ years 46 (13.9) 28 (40.0)

Breed <0.001

Pure bred 94 (26.9) 5(7.1)

Mongrel 255 (73.1) 65 (92.9)

Clinical status <0.001

Asymptomatic 204 (58.4) 7 (10.0)

Symptomatic 145 (41.5) 63 (90.0)
Lymphadenopathy 124 (35.5) 52 (74.3) <0.001
Onychogryphosis 51 (14.6) 43 (61.4) <0.001
Desquamations 48 (13.7) 21 (30.0) 0.001
Alopecia 44 (12.6) 37 (52.9) <0.001
Weight loss 39 (11.2) 22 (31.4) <0.001
Hepatomegaly 32 (9.2) 22 (31.4) <0.001
Splenomegaly 31 (8.9) 21 (30.0) <0.001
Ocular signs 31 (8.9) 20 (28.6) <0.001
Pale oral mucosa 28 (8.1) 14 (20.0) 0.002
Ulcers 25(7.2) 13(18.6) 0.002
Bleeding 11(3.2) 4 (5.7) 0.292
Apathy 9(2.6) 4 (5.7) 0.167
Alterations in nose mucosa 9 (2.6) 5(7.1) 0.052
Cachexia 4(1.2) 4 (5.7) 0.011

Total 349 (100) 70 (100)

aP-values are comparing the shelter dogs with the random sample of domestic dogs.

domestic dogs 38 (54.4%) were asymptomatic. Of the 204
asymptomatic domestic dogs, 38 (18.6%) were seropositive.

DISCUSSION

The prevalence of antibodies for Leishmania in domestic dogs
from the city of Posadas was 20.1% (95% CI 16.1-24.6),
suggesting that at least one in every five domestic dogs in the city
is infected or has been exposed to CanL. In the sample of shelter
dogs, the observed seroprevalence of CanL was nearly double at
38.6% (95% CI 27.7-50.6). Although our sampling strategy was
designed to obtain a random sample of domestic dogs, and not to
make geographical comparisons between areas, it was noticeable
that seropositive dogs show a fairly homogeneous distribution
pattern throughout the city. Because the sampling unit we used
was household, we can observe a greater concentration of dogs,
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both with and without anti-Leishmania antibodies, in densely
populated areas, while in less populated areas the selected dogs
are more scattered. There is a stark contrast with suggestions of
a relationship between the focal distribution of potential vectors

in the presence of human clusters of infection in the city of
Posadas (18). Even if the vector is clustered, the homogeneous
distribution of the disease reservoir, perhaps associated with
the high mobility of domestic dogs could have important
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TABLE 2 | Seroprevalence of Leishmania infection according to sampling strategy and characteristics of the dogs, in Posadas, Argentina 2009.

Representative sample of domestic dogs

Systematic sample of shelter dogs

Seropositivity Total P-value Seropositivity Total P-value
n (%) n n (%) n (%)
Sex 0.910 0.532
Male 38 (19.9) 191 13 (35.1) 37
Female 32 (20.4) 157 14 (42.4) 33
Age group 0.988 0.603
<1 year 4(19.0) 21 0(0) 2
1-4 years 33 (20.5) 161 4 (36.4) 1
5-9 years 23 (19.5) 118 13 (44.8) 29
10+ years 10 (21.7) 46 10 (38.6) 28
Breed 0.518 0.048
Pure bred 21 (22.3) 94 4(80.0) 5
Mongrel 49 (19.2) 255 23 (35.4) 65
Where the dog slept 0.034 NA
Inside the house 7 (9.6) 73 - -
Outside the house 61 (23.2) 263 - -
Both 2 (15.4) 13 - -
Number of dogs in residence 0.075 NA
1 27 (15.7) 172 - -
2 32 (27.8) 115 - -
3 7 (15.9) 44 - -
>3 4(22.2) 18 - -
Clinical status 0.429 0.567
Asymptomatic 38 (18.6) 204 2 (28.6) 7
Symptomatic 32 (22.1) 145 25 (39.7) 63
Total 70 (20.1) 349 (100) 27 (38.6) 70 (100)

implications for control and may play an important role in the
persistence of the disease in urban settings. Other studies have
shown similar high prevalence of CanlL is the surrounding area
which has shown a decrease in recent years (19).

While seroepidemiological surveys are commonly used to
measure the prevalence of leishmaniasis, there is a lot of variation
in the methods used to recruit the canine study participants,
and the details of how the sampling procedures are carried out
is often lacking. For example, a recent study in Colombia (20)
described how the sample being carried out in municipalities
with increasing numbers of clinical cases reported by health
authorities, but the procedures used to access the dog population
is not provided. Some studies report using veterinary practices or
samples extracted during a vaccination campaign (15, 16), but it
can be difficult to determine if the sample if truly representative,
Confounding factors could be that dogs participating in a
vaccination campaign are less likely to be infected because of
the behavioral factors associated with their care. Estimating the
prevalence using a canine census can derive valid estimated
of domestic dog infection but canine censuses are not always
available, and it can be resource heavy ensuring they are up to
date. In this study we used the land registry and simple random
sample to obtain a representative sample of domestic dogs.

Our study is not without limitations. On the one hand the fact
that we did not attempt to include free roaming dogs should be
considered a limitation as it could lead to an underestimation
of the true prevalence of CanL in the city. A higher prevalence
of CanL among stray dogs compared to domestic dogs has been
observed in other studies (21). We can expect free roaming dogs
to be more similar to shelter dogs than domestic dogs, especially
if we consider the higher prevalence in dogs sleeping outside the
house, which has been observed in other studies (8). We observed
a markedly higher prevalence among animals recruited from the
shelter. A pilot study 3 years earlier with a convenience sample
had observed a prevalence of 43.6% (12). Another limitation is
the incomplete sampling of shelter dogs. We recruited all dogs
from “El Refugio” animal shelter, which is one of two shelters
in the city, and by far the largest shelter in the city. Although
it is possible that the prevalence of CanL varies between the
shelters, inclusion of this shelter was made due to interest and
collaboration of the shelter owner, and the disease status of the
dogs was not considered when deciding which shelter to include.
The dogs from the canine shelter were significantly older, and
more likely to be in poor health than the domestic dogs.

Many studies have pointed out the importance of identifying
asymptomatic carriers in endemic areas (22-26). Some studies
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show that asymptomatic dogs may comprise several between
50 and 60% of all infected dogs in the area (27-29). What is
striking in this study is that despite having randomly selected
the domestic dogs from a normal population a total of 54.2%
of seropositive dogs were asymptomatic and only the 7.4%
on canine shelter. Otherwise, 22.1% of symptomatic domestic
dogs were seropositive. Therefore, a diagnosis based only on
the appearance of clinical signs related to the disease could
overestimate the number of cases infected by Leishmania in
this area.

We must also acknowledge that the study was carried out in
2009, which is a major limitation if one objective is to know the
prevalence of infection in the city, but the purpose of this report
here is to describe our methods and demonstrate the importance
of the adequate sample and its impact on the epidemiological
interpretation of the disease. We did not collect information
about the use of insecticide. Some studies have shown how this
can influence disease presence and it should be considered in
future studied (30, 31).

We did not use a multi-stage or stratified sampling strategy
because we were interested in observing the geographical spread
of the disease in the entire city. We could have improved the
efficiency of our strategy by undertaking a multistage sampling
strategy where we take a first stage random sample of larger
geographical units (sectors or parishes), and then sample a
specific number of land registries within this sample. This would
be logistically simpler and reduce the number of movements
of the team within the city, which can be important especially
when the geographical area is large. In this study we used the
land registry census as our primary sampling unit, and there
was a significant proportion of errors in the registry. Another
attractive option would be to carry out geospatial sampling and
obtain a the random selection of properties or animals using
randomly generated GPS points or grid-squares (19, 32, 33). Such
methods are highly valid but require users to be competent in
using Geographical Information Systems (GIS) which may be
a challenge in many low-resource settings. Here we propose a
simpler strategy using available registries which can allow local
stakeholders to obtain a valid estimation of disease prevalence
with limited technology.

In response to the results from the study and the model
used for epidemiological investigation of the disease, preventative
and curative services for canine disease were strengthened
throughout the municipality of Posadas. The local government
implemented a control program where dog owners from low-
income families were offered a free screening service for canine
leishmaniasis. It is estimated that 40% of the dog owner
population took part in the scheme. More recently, the city
established a Centre for Vectorial and Zoonotic Diseases, with the
support of the Municipality and the Ministry of Health. Tackling
Canl in the city is a key line of work within the center.

CONCLUSIONS

Overall, the two prevalence estimations observed and the
spatial distribution of the domestic dogs with anti-Leishmania

antibodies suggest that this focus of disease was well-established
in 2009. Our novel sampling strategy allowed us to obtain a
representative sample of domestic dogs in an urban setting.
The prevalence of CanL obtained was much lower than the
prevalence among dogs from the animal shelter. Although this
difference is not surprising, it is important to acknowledge how
seroprevalence results are influenced by sampling methodology,
and the fact that samples using convenience sampling may under
or overestimate disease prevalence and can lead to misinformed
decisions about control and management. We demonstrate
how a representative sample can be obtained in a timely and
efficient manner, allowing decision makers to deepen their
understanding the epidemiology of CanL for the development of
plans to address both human and canine disease, while protecting
animal welfare.
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