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Abstract

Background

In Brazil, the transmission of Leishmania infantum in urban settings is closely related to
infection among dogs, with occasional transmission to humans. Serological screening of
dogs for Leishmania spp. infection on requests of their owners (passive case detection) rep-
resents a frequent, but little studied, practice within the scope of Brazilian public health. This
study identified factors associated with canine visceral leishmaniasis (CVL) diagnosis-seek-
ing behavior of dog owners in Rondonédpolis (236,000 inhabitants), a municipality in Central-
Western Brazil where VL is endemic. Also, we evaluated the profile of dog owners and their
animals screened on free demand.

Methodology/Principal findings

Using mixed effects negative binomial regression, we modelled the number of dogs
screened for Leishmania infection on free demand per neighborhood from 2011 to 2016 as
a function of time-dependent predictors (current or recent canine seropositivity and human
VL incidence), distance to the screening site, and demographic variables. We assessed
potential delays in the effect of time-dependent predictors on the outcome. Among 12,536
dogs screened for Leishmania infection, 64.2% were tested during serosurveys and 35.8%
were tested on free demand. Of these, 63.9% were positive. Uptake of screening under free
demand was strongly associated with higher levels of canine seropositivity in the neighbor-
hood (current or recent) and decreasing distance to the screening site. A subsample of dog
owners (n = 93) who sought CVL screening between 2016 and 2017 were interviewed in
more detail. Owners with better socioeconomic status and dogs with apparent CVL clinical
manifestations prevailed among them.
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Conclusions/Significance

To support timely CVL management, passive case detection along with awareness activities
aimed at dog owners should be encouraged in endemic areas. Screening sites should be
prioritized in accessible zones, as well as in socio-economically disadvantage areas. In par-
allel, CVL active case detection should be continued as a surveillance tool to guide control
actions.

Author summary

In Brazil, visceral leishmaniasis (VL) occurs typically in urban settings, where dogs play a
role as reservoirs and control efforts have failed to reduce disease occurrence. Active
screening for Leishmania spp. canine infection by serosurveys is an important pillar of the
national VL control program. However, many municipalities also detect cases passively by
testing animals on request of individual dog owners. For a VL-endemic municipality in
Brazil, we show how the number of dogs tested on free demand in the area increased from
2011 to 2016, with seropositivity consistently exceeding 47%. Increased diagnosis-seeking
behavior within neighborhoods was associated with a decrease in the distance to the
screening site and higher (recent) levels of canine seropositivity in the neighborhood. The
data also suggested that dog owners with better socioeconomic status and animals with
clinical signs of canine VL (CVL) predominated among those who sought screening. As
passive case detection contributes to timely diagnosis of CVL, it should be encouraged in
VL endemic areas. Diagnosis seeking-behavior could be increased by setting up screening
sites in multiple accessible areas and especially in areas that are most affected by CVL. In
parallel, population-based serosurveys must continue as surveillance tools to guide VL
control actions.

Introduction

Dogs (Canis familiaris) are considered the main domestic reservoir hosts in the anthropozoo-
notic transmission cycle of the parasite Leishmania (Leishmania) infantum, which is one of the
causative agents of visceral leishmaniasis (VL). L. infantum is transmitted by the bite of phle-
botomine sand flies (Diptera: Psychodidae), and infections occur predominantly in Central
Asia, the Middle East, North Africa, the Mediterranean region and Latin America [1]. Within
the Americas, more than 90% of all the human cases of VL occur in Brazil [2]. From 2007 to
2014, at least 28,000 human cases and 1,700 human deaths due to VL were recorded nation-
wide. Most of these records come from medium and large-sized urban centers in the North-
east, Southeast, and Central-Western regions [3]. Regarding canine infection, it has been
demonstrated that the circulation of L. infantum among dogs is usually associated with human
VL cases in the country [4-5]. In addition, it is estimated that canine VL (CVL) prevalence,
including asymptomatic and symptomatic dogs, ranges from 3.1 to 40% in Brazilian endemic
areas [6].

Along with the diagnosis and management of human cases and vector control by residual
insecticide spraying, serological screening for Leishmania spp. infection in dogs represents one
of the central pillars of the Visceral Leishmaniasis Control and Surveillance Program (VLCSP)
advocated by the Brazilian Ministry of Health. Thus, serological screening can inform policy
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for surveillance and control actions against VL. The current recommendation is that seroposi-
tive dogs (i.e. positivity for Leishmania spp. antibodies in two serial techniques) are euthanized
[7].

For both surveillance and control purposes, systematic serosurveys for Leishmania spp.
screening among dogs are recommended [7]. In addition, some Brazilian public health surveil-
lance units also test animals on request of individual dog owners, allowing for passive case
detection through diagnosis-seeking behavior. Although passive detection of CVL is a frequent
practice nationwide [8-12], there are no studies specifically addressing why people take up
CVL serological screening on free demand. A better understanding of this practice would be
useful to guide control actions toward the canine reservoir management in zoonotic VL
endemic areas. Therefore, in the present study we attempted to identify factors associated with
CVL diagnosis-seeking behavior in the scope of public health in the municipality of Rondono-
polis, an area that recently emerged as endemic for VL in Central-Western Brazil. In addition,
we analyzed the profiles of dog owners and their animals screened on free demand.

Methodology
Ethics statement

Ethical approval for this study was obtained from the Ethical Committee for Human Research
of Julio Miiller University Hospital (CAAE N° 52023215.5.0000.5541). Written informed con-
sent was obtained from all interviewed participants.

Study area

The municipality of Rondondpolis is located in the Southeast mesoregion of the state of Mato
Grosso, Central-Western Brazil (Fig 1A). It has a surface area of 4,686 km?> and a human popu-
lation currently estimated at 236,042 individuals [13]. According to the last Demographic Cen-
sus [14], its urban area is composed of 230 neighborhoods.

The first record of autochthonous human VL in Rondondpolis dates from 2003. Since then,
210 autochthonous cases were reported in the municipality; especially as of 2007, when Ron-
donopolis emerged as the main endemic area of the State [15]. Recently, peaks in incidence
(12.6 VL cases/100,000 inhabitants in 2011) and lethality (8.6% in period 2011-2016) have
been observed [16]. CVL is highly prevalent in the area; the seroprevalence among domestic
dogs in Rondondpolis has been estimated at 19.2%, with seroprevalences reaching up to 35.1%
in some areas [17].

Surveillance and control measures for VL are focused on humans, vectors, and reservoirs
and are coordinated by the local Municipal Health Department. In particular, the management
of canine reservoirs (i.e. active and passive CVL case detection as well as euthanasia proce-
dures) is conducted by the Unit of Surveillance in Zoonosis (USZ) of Rondondpolis, which is
located in the extreme north of the urban area of the municipality (Fig 1B). The USZ was the
only public screening site in which dog owners could take their animals to be tested free of
charges during the study period. Owners could also seek private veterinary service for screen-
ing. As of September 2016, miltefosine has officially become available for treatment of CVL in
the area [18], but its use has only been scaled up over subsequent years.

Study design

This was an epidemiological study in two parts. The first part was an ecological study focused
on investigating factors associated with CVL diagnosis-seeking behavior at the neighborhood
level in the municipality of Rondondpolis, from 2011 to 2016. In the second part, we analyzed
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Fig 1. Geographic characterization of the study area. (A) represents the location of the municipality of Rondondpolis in the state of Mato Grosso (MT),
Brazil. (B) represents the tertiles of distribution of the linear distance between the geographical coordinates of the centroids of each urban neighborhood
included in the present study to the Unit of Surveillance in Zoonosis (USZ). Neighborhoods that were not listed in the last Demographic Census [14] or
with human population < 30 inhabitants were excluded from the analysis (black diagonal raster pattern). Digital georeferenced database of the
neighborhoods was provided by the Municipal Health Department of Rondonépolis.

https://doi.org/10.1371/journal.pntd.0009818.9001

the profiles of a convenience sample of dog owners and their respective animals who attended
the USZ seeking screening for CVL over the period of 1 year, based on interviews using a
semi-structured questionnaire.

Factors associated with CVL diagnosis-seeking behavior at the
neighborhood level

Data collection and management. Information on the occurrence of human VL (date of
notification and residential address) were collated from the Brazilian Notifiable Diseases Infor-
mation System, which is coordinated by the Epidemiological Surveillance Sector of the Munic-
ipal Health Department of Rondondpolis. We considered all the confirmed cases reported in
the urban area of the municipality from 2011 to 2016. Relapses or non-autochthonous cases
were excluded. All demographic data were acquired from the last Demographic Census [14]
and the last National Health Survey [19]. Case counts were aggregated by neighborhood and
1-month time periods. Neighborhoods that were not listed in the last Demographic Census
were excluded from the analysis (black diagonal raster pattern in Fig 1B).

Data on dogs submitted to serological screening for Leishmania spp. infection—on free
demand or during serosurveys—were extracted from the USZ physical registry books. We
included records from domestic animals tested between 2011 and 2016, whose owners resided
in the urban area of Rondondépolis. Individuals with unidentified residential addresses were
excluded. The following variables were digitized: date of blood collection, residential address,
and results of serology. It is noteworthy that between 2011 and 2012, following contemporary
guidelines of the Brazilian Ministry of Health, a dog was considered positive for Leishmania
spp. infection when presented both reactivity in an enzyme-linked immunosorbent assay
(ELISA) and immunofluorescence antibody test [7]. From 2013 onwards, the infection was
confirmed with dual positivity in a rapid chromatographic immunoassay based on the dual-
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path platform (TR DPP) and ELISA [20]. The number of dogs tested and the number of sero-
positive dogs were aggregated by modality (free demand or serosurvey), neighborhood, and
1-month time periods.

Estimating dog population size. To calculate trends in the likelihood that dog owners
seek out testing for potential CVL, it was necessary to assess the domestic canine population
size in each neighborhood of the municipality. This information was not available for Rondo-
nopolis. Therefore, given the well-known relationship between dog ownership and demo-
graphic characteristics [21], we set out to infer the number of dogs per neighborhood from
demographic data, using a statistical model. We calibrated the statistical model using data
from the last National Health Survey for the state of Mato Grosso [19]. Briefly, this survey is a
household-based survey conducted nationwide. Data (including the number of domestic dogs
and demographic variables) were originally collected from permanent private households
(PPHs) randomly selected from primary sampling units (PSUs) in all the Brazilian states [22].
Here, PSUs can be considered comparable to neighborhoods as a geographical unit of
aggregation.

Out of the 162 PSUs sampled in the state of Mato Grosso, we only included data from
urban PSUs (n = 138). Given that the outcome variable constituted count data that were possi-
bly overdispersed, we modelled the number of domestic dogs in each PSU as a function of a
set of candidate demographic predictors using a negative binomial regression. The following
predictors were chosen based on their availability for the neighborhoods of Rondondpolis:
mean number of inhabitants per PPH, mean monthly nominal income per PPH (in Brazilian
minimum wages), proportion of PPHs with literate heads, proportion of PPHs according to
the housing type (house or apartment), proportion of PPHs with public water supply, propor-
tion of PPHs with public garbage collection, and proportion of PPHs with sewage system. In
addition, we included the natural logarithm of the number of PPHs in each PSU as an offset
term, such that the exponents of the model coefficients represent the relative difference in
number of domestic dogs per PPH.

For negative binomial modelling, we selected all the variables with a p-value < 0.20 in uni-
variate analysis that were not highly correlated with other predictors. The final model was
developed by a stepwise forward procedure. We used the Akaike Information Criterion to
assess if the addition of predictors improved the model fit. Variables with a p-value < 0.05
were maintained in the final model, as well as those that improved the model fit and were con-
sidered important according to the literature. The model assumption of overdispersion was
checked using a likelihood ratio test by comparing the final negative binomial model with a
Poisson model containing the same explanatory variables.

Statistical analysis of CVL seeking-behavior. Our main hypothesis was that CVL diagno-
sis-seeking behavior would be associated with an occurrence of human and canine VL and
proximity to the screening site. We defined the number of dogs tested on free demand per
neighborhood as the outcome variable, with the predicted domestic canine population (see
previous subsection) as an offset term. In addition, the urban neighborhoods of Rondondpolis
were characterized according to the following explanatory variables: canine seropositivity for
Leishmania spp. infection (i.e. the number of seropositive dogs for Leishmania spp. infection
in both active and passive case detection divided by the total number of dogs screened for
Leishmania spp. infection in both active and passive case detection), human VL incidence rate
(cases/1,000 person-months) and tertiles of distance to the screening site (i.e. the linear dis-
tance—in meters—between the geographical coordinates of the centroids of each neighbor-
hood to the USZ defined using QGIS 3.6.1 software [23]. A tertile distribution was chosen to
capture the non-linear relationship between the outcome and the distance). The neighbor-
hoods were also characterized according to the following potential demographic confounders:
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the natural logarithm of the mean monthly nominal income per PPH (in Brazilian minimum
wages) and the natural logarithm of the number of inhabitants living in PPHs.

To minimize the risk of ecological fallacy (i.e. finding a correlation between two aggregated
variables due to underlying confounding factors) and to capture a potential delay in the effect
of the two time-dependent predictors (human VL incidence and canine seropositivity among
screened dogs) on the outcome, we organized the data on the outcome, and the time-depen-
dent predictors, in four different ways. First, as a baseline, all data per neighborhood were
aggregated per year and time-dependent predictors were linked to the outcome in the same
year. Second, all data per neighborhood were aggregated per month and time-dependent pre-
dictors were linked to the outcome in the same month. In both of these cases, there is a risk of
ecological fallacy and no possibility of assessing a temporal association. Therefore, the third
and the fourth approaches consider a delay between the time-dependent predictors and the
outcome of 2 and 3 months, respectively. To be able to compare analyses based on these four
variants of the dataset, we based all variants on exactly the same data, i.e. excluding data on the
outcome from the first three months of the time series, as these could not be included in vari-
ant four (and partly in variant three).

A time delay of 2-3 months was chosen because the time between the onset of symptoms
and the diagnosis of human VL in the municipality, as well as the time between the screening
and euthanasia of a positive dog, was estimated in 25 and 41 days, respectively [24]. The offset
term (the natural logarithm of the estimated dog population size), distance to the screening
site, and demographic confounders were assumed to be constant over time and therefore were
the same in all four variants.

We modelled the number of dogs tested on free demand per neighborhood using negative
binomial regression. To account for within-neighborhood correlation in the dependent vari-
able (Y) over time(t), we included a random intercept (&) for each neighborhood (i) [25].

log(Y,) = B, + ﬂlxur + .o+ BiXy + log(P) + o (1)

Here, 5, is the population-level intercept, f,. . .,B are the regression coefficients for the k
explanatory variables X;,. . .,Xj, and P is the offset term (i.e. the number of dog-months at risk
in the neighborhood).

To avoid biased fixed effects estimates due to correlation between unobserved factors (cap-
tured by the random intercepts) and observed predictors, we modelled fixed effects for explan-
atory variables that varied over time using the within-between approach [26-28]. In short, this
means that time-varying neighborhood-level predictors were decomposed into two compo-
nents: (1) a mean component (i.e., the mean over time for a neighborhood) and (2) a compo-
nent representing the deviation from the neighborhood-level mean over time. Each
component was then used as a predictor in the statistical model. The coefficient for a mean
component represents the association between the outcome and differences in the predictor
between neighborhoods, while the second coefficient represents the association between the
outcome and differences in the predictor within neighborhoods over time. A variable was con-
sidered significantly associated with CVL diagnosis-seeking behavior if presented a p-
value < 0.05. Regression analyses were performed on all four variants of the dataset.

All statistical analyses were executed in R 3.4.0 and R Studio 3.6.2 software [29] using the
mass [30] and Ime4 [31] packages. Maps were produced using QGIS 3.6.1 software [23].
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Characterization of dog owners who sought screening for Leishmania spp.
infection

To characterize the owners and their dogs enrolled at passive case detection, a descriptive sur-
vey was conducted based on a convenience sample of dog owners who spontaneously brought
their animals to the USZ for serological screening for Leishmania spp. infection between Octo-
ber 2016 and September 2017. Individuals residing in Rondondpolis, older than 18 years, and
who agreed to participate were included. After obtaining written consent, the individuals were
interviewed based on a semi-structured questionnaire about socioeconomic aspects of the
owner, characteristics of the animal and knowledge and attitudes on CVL (S1 Text).

Data entry was performed in duplicate and checked in Microsoft Office Excel 2013 (Micro-
soft Corp., Santa Rosa, CA, USA). A descriptive analysis was conducted with determination of
absolute and relative frequencies for each variable.

Results

From 2011 to 2016, a total of 12,536 domestic dogs were submitted to serological screening for
Leishmania spp. infection in the scope of public health in Rondondpolis. Of these, 64.2%

(n = 8,048) were tested during serosurveys and 35.8% (n = 4,488) were screened on free
demand. The annual number of dogs spontaneously tested increased considerably until a peak
in 2014 (n = 1,416) followed by oscillating behavior in the last biennium. Active case detection
also increased through to 2014 (n = 2,427), but steadily decreased afterwards. From 2015, the
number of dogs screened by means of serosurveys became lower than on free demand (Fig 2A).

Among the tested animals, 12,138 presented a conclusive serology and 4,857 were found to
be positive for Leishmania spp. infection, resulting in an overall seropositivity of 40.0% (95%-
confidence interval (CI) = 39.1%- 40.9%). Canine seropositivity was higher among dogs tested
on free demand (63.9%; CI = 62.5%- 65.3%) compared to those screened during serosurveys
(26.4%; CI = 25.4%- 27.3%). This large difference was observed over all the evaluated years;
while the annual seropositivity among passive case detection ranged from 47.1% to 68.9%, the
values related to active case detection ranged from 19.6% to 31.4% (Fig 2B).

In 160 of 183 evaluated neighborhoods of Rondondpolis, at least one dog owner spontane-
ously presented their dog for screening for Leishmania spp. infection during the study period.
The cumulative number of dogs tested on free demand per neighborhood ranged from zero to
169 animals; Parque Universitdrio (n = 169), Vila Operdria (n = 148), and Jardim Liberdade
(n =137) led the records (Fig 3).

The total number of domestic dogs for Rondonopolis was estimated at 56,366 animals
according to demographic predictors (S1 Table) using the statistical model for the association
between demographic predictors and number of dogs per household (S2 Table). The canine
population size per neighborhood ranged from 10 to 2094 individuals (S1 Fig). Fig 4 shows the
annual percentage of dogs screened on free demand per neighborhood, which widely varied
(range 0.0 to 36.0%) and increased over the years in general. Highest percentage values were
found among the neighborhoods located in the northern and western regions of the
municipality.

Regarding human VL, 47 neighborhoods of the municipality reported a total of 84 cases,
which constituted a total incidence of 0.46 cases/1,000 person-months over all neighborhoods.
The annual human VL incidence rates per neighborhood ranged from 0.0 to 4.1 cases/1,000
person-months (mean 0.07 cases/1,000 person-months with standard deviation (SD) 0.32
cases/1,000 person-months). Between 2011 and 2012, the number of cases as well as the num-
ber of neighborhoods with at least one VL case were higher compared to the following years

(Fig 5).
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The mean (SD) annual canine seropositivity per neighborhood in both active and passive
case detection was 36.2% (37.5%), and the number of areas with high seropositivity increased
over the years, especially after 2013 (Fig 6). The linear distance between the geographical coor-
dinates of the centroids of each neighborhood and the screening site ranged from 308.2 to
10,874.0 m, with mean (SD) of 5,309.2 (2,146.2) m (Fig 1B).

Table 1 presents the estimated model coefficients for factors associated with CVL diagno-
sis-seeking behavior in Rondondpolis in the four variants of the dataset. An increase in the
canine seropositivity for Leishmania spp. infection within neighborhoods as well as differences
in canine seropositivity between neighborhoods were strongly associated with an increase in
CVL diagnosis seeking-behavior. The magnitude of the coefficients within neighborhoods

Legend
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0-20
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Fig 3. Absolute number of dogs screened for canine visceral leishmaniasis on free demand per urban neighborhood in the municipality of
Rondondpolis, state of Mato Grosso, Brazil, 2011-2016. In the legend, colors represent ranges of neighborhood-level values, where the upper bounds are
included within interval. Digital georeferenced database of the neighborhoods was provided by the Municipal Health Department of Rondondpolis.

https://doi.org/10.1371/journal.pntd.0009818.9g003
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decreased in the models with time delay between this predictor and the outcome, but remained
significant. On the other hand, an increase in human VL incidence within neighborhoods was
associated with a decrease in CVL diagnosis-seeking behavior in the same year. However, this
effect was not significant in models considering the data on a monthly basis or when consider-
ing a time delay between predictor and outcome. There was no significant effect of variation in
VL incidence between neighborhoods on CVL diagnosis-seeking behavior. We found that the
number of dogs screened on free demand was significantly higher among those neighborhoods
located closer to the screening site (< 4,410 m, i.e. the 1* tertile of distance) when compared to
those more distant (> 4,410 m away, i.e. the 2@ and 3" tertiles of distance; there was no signif-
icant difference between the 2@ and the 3™ tertiles). Further, the mean income of the neigh-
borhood was positively associated with the CVL diagnosis-seeking behavior, but only
significantly in the model with monthly analysis without a time delay. The impact of income
was larger for neighborhoods with relatively low income (i.e. coefficients between zero and
one for the natural logarithm of mean income).

Of the 804 animals that were screened for Leishmania spp. infection on free demand at the
USZ from October 2016 to September 2017, 93 dog owners who altogether owned 99 animals
were interviewed. Individuals with higher family income (> one Brazilian minimum wage)
and high levels of schooling prevailed among the owners enrolled on free demand. Their mean
(interquartile range—IQR) age was 44.5 (20) years. Further, most of them were aware about
basic aspects of VL, such as its way of transmission and prevention. Regarding VL prevention,
the majority of dog owners named at least one measure, and environmental management was
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Fig 5. Human visceral leishmaniasis (VL) in urban neighborhoods of the municipality of Rondondpolis, state of Mato Grosso, Brazil, 2011-2016.
Human VL incidence and the number of cases reported in each year. In the legend, colors represent ranges of neighborhood-level values, where the upper
bounds are included within interval. Digital georeferenced database of the neighborhoods was provided by the Municipal Health Department of
Rondondpolis.

https://doi.org/10.1371/journal.pntd.0009818.9g005

cited with the highest frequency. On the other hand, the recommendation of canine euthanasia
in controlling VL was unknown by almost half of the participants (Table 2).

Among the 99 animals screened on free demand, the mean (IQR) age was 38.4 (30) months
and the majority were companion dogs. In addition, most of the animals (73.7%) presented at
least one apparent clinical manifestation suggestive of CVL that lasted for more than 30 days
(mean (SD): 131.1 (179.0) days). Because of these clinical signs, half of the dogs had already
undergone treatment. Thus, clinical signs consistent with CVL were the most frequent motiva-
tion for a dog owner to seek diagnosis for the disease (68.7%); other common reasons were
routine/prevention procedure (15.1%) and existence of dogs with CVL in the neighborhood
(9.1%). Most owners indicated they would opt for euthanasia in case of positivity for Leish-
mania spp. infection (Table 3).

Discussion

This is the first study addressing CVL passive case detection on request of individual dog own-
ers in the scope of Brazilian public health. In addition to a multilevel approach considering
urban neighborhoods of a relevant endemic area [16,32] as analytical units, we conducted a
descriptive survey with dog owners to support the interpretation of ecological results. In sum-
mary, the number of dogs screened for Leishmania spp. infection on free demand increased
over years with high seropositivity in the municipality of Rondondpolis. At the neighborhood-
level, CVL diagnosis-seeking behavior was associated with the occurrence of Leishmania spp.
canine infection and proximity to the screening site. At the individual level, dog owners with
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Fig 6. Leishmania spp. infection among dogs in urban neighborhoods of the municipality of Rondondpolis, state of Mato Grosso, Brazil, 2011-2016.
Seropositivity for Leishmania spp. infection in both active and passive case detection. In the legend, colors represent ranges of neighborhood-level values,
where the upper bounds are included within interval. Digital georeferenced database of the neighborhoods was provided by the Municipal Health
Department of Rondondpolis.

https://doi.org/10.1371/journal.pntd.0009818.g006

better socioeconomic conditions and dogs with apparent clinical manifestations prevailed
among those individuals who sought for screening. Given the lack of a neighborhood-level
association between human VL incidence and diagnosis-seeking behavior, as well as the facts
that (1) almost half of the dog owners were not aware of the reason for canine euthanasia in
case of CVL, and (2) most owners presented their dogs after an extended period of symptoms,
it seems that awareness about the link between VL and CVL was limited.

The number of dogs tested on free demand was strongly positively associated with canine
seropositivity for Leishmania spp. infection in all evaluated variants of the dataset. This rela-
tionship suggests some degree of causality, since a significant association of the outcome with
within-neighborhood variation was observed in both models accounting for a time delay. This
association may be explained by the consolidated circulation of Leishmania spp. infection
among dogs observed across the neighborhoods of Rondondpolis [33]. It is likely that the
widespread distribution of infected dogs, especially those with apparent signs of CVL, moti-
vates owners to seek care for their animals. Indeed, a previous occurrence of CVL cases in the
neighborhood was already demonstrated as associated with improved knowledge, attitudes
and practices regarding the disease among dog owners from Rondondpolis [34]. In the present
study, a portion of interviewed dog owners reported seeking for screening as a routine/preven-
tion procedure or due to the presence of canine cases in their neighborhood.

Our analyses show no consistent association between human VL incidence and CVL diag-
nosis-seeking behavior of dog owners at the neighborhood level. This association was only sta-
tistically significant when considering the data aggregated to the year and without time delay.
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Table 1. Mixed effects regression models for the number of dogs screened on free demand for Leishmania spp. infection (canine visceral leishmaniasis diagnosis-
seeking behavior) in the scope of public health in the neighborhoods of Rondondpolis, Mato Grosso, Brazil (2011-2016).
Variable Dataset arrangement
Same year” Same month® Two-month delay® Three-month delay®
B SE | p-value B SE | p-value B SE | p-value B SE | p-value

Canine seropositivity for Leishmania spp. infection (%)

A within-neighborhoods 1.600 | 0.122 | <0.001* | 2.357 | 0.045 | <0.001* | 0.409 | 0.055 | <0.001* | 0.350 | 0.055 | <0.001*
A between-neighborhoods 2.991 | 0.398 | <0.001* | 6.246 | 0.497 | <0.001" | 6.394 | 0.544 | <0.001* | 6.434 | 0.547 | <0.001*
Human VL incidence (cases / 1,000 person-months)

A within-neighborhoods -0.433 1 0.134 | 0.001* | -0.147 | 0.239 | 0.538 |-0.463 | 0.273 | 0.089 |-0.053|0.236 | 0.824
A between-neighborhoods 0.719 | 0.421 0.088 | 2.111|3.426| 0.538 | 3.659|3.602| 0.310 | 3.932|3.845 0.307
Distance to the screening site (1° versus 2" + 3™ tertiles)*" -0.319 | 0.146 |  0.029* | -0.220 | 0.096 | 0.022* | -0.320 | 0.101 | 0.001* | -0.328 | 0.101 | 0.001*
Logarithm of mean monthly nominal income per PPH (in 0.140 | 0.156 | 0.371 | 0.216 | 0.106 | 0.042* | 0.195|0.111 | 0.078 | 0.196 | 0.111 | 0.078
terms of Brazilian minimum wages)"®

Logarithm of human population size * -0.325 | 0.068 | <0.001* | -0.711 | 0.057 | <0.001* | -0.649 | 0.060 | <0.001* | -0.646 | 0.060 | <0.001*
Intercept -5.218 | 0.264 | <0.001* | -6.989 | 0.163 | <0.001* | -6.685 | 0.170 | <0.001* | -6.673 | 0.170 | <0.001*
Number of observations 1098 12627 12627 12627
Number of neighborhoods 183 183 183 183

In addition to the reported predictors, the model contained an offset for the natural logarithm of the number of dog-years at risk.

SE: standard error. PPH: private permanent household.

* Data on outcome and predictors aggregated by year.

® Data on outcome and predictors aggregated by month, without a time delay between outcome and predictors.

¢ Data on outcome and predictors aggregated by month, with a two-month delay between outcome and predictors.

4 Data on outcome and predictors aggregated by month, with a three-month delay between outcome and predictors.

© Refers to the linear distance (in meters) between the centroids of each neighborhood to the local Unit of Surveillance in Zoonosis: 1* tertile (< 4,410 m) / 2" tertile
(4,411-6,262 m) / 3 (6,263-10,874 m).

fVariables considered to be constant over time.

& Brazilian minimum wage (2010) = US$ 116.2 (R$ 510).

https://doi.org/10.1371/journal.pntd.0009818.t001

As the latter variant of our analysis is more prone to ecological fallacy, and its results were not
reproduced by analyzing the data at a more detailed time scale, we conclude that this associa-
tion is likely spurious, either as a chance finding or through confounding due to aggregation
(ecological fallacy).

Although CVL passive case detection can be a way for performing serological screening in
areas with scarce resources, the application of such results for guiding public health measures
must be done with caution. As we noticed, seropositivity for Leishmania spp. infection was
clearly higher among dogs tested on free demand, compared to animals screened by surveys.
Corroborating this observation, a population-based serosurvey recently detected an overall
CVL seroprevalence of 19.2% in Rondondpolis [17]. This value was substantially lower than
any annual seropositivity observed here in dogs screened under free demand (> 47%).

The high seropositivity for Leishmania spp. infection within the scope of passive case detec-
tion, along with the well-known association between CVL clinical manifestations and reactiv-
ity of serological tests [35-37], suggest that CVL diagnosis-seeking behavior is related to
animals presenting advanced clinical stages of the disease. This assumption was corroborated
by the descriptive survey, since most of the animals presented at least one clinical manifesta-
tion of CVL, which was pointed out by dog owners as the main motivation for seeking diagno-
sis. In this context, despite its dependence on the inclination of dog owners to seek diagnosis
for their dogs, public health surveillance units should consider CVL diagnosis on free demand
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Table 2. Frequency distribution of dog owners who attended the screening site seeking for canine visceral leish-
maniasis (CVL) diagnosis according to sociodemographic characteristics and knowledge on VL.

Variable n %
Sex
Female 50 53.8
Male 43 46.2
Age group (years)®
18-40 36 38.7
40-60 42 45.2
> 60 12 12.9
Not reported 3 3.2
Family income (Brazilian minimum wages)™"
<1 10 | 108
1-3 36 38.7
>3 43 46.2
Not reported 4 4.3
Educational level
Illiterate or primary education 11 11.8
Elementary education 23 24.7
High school 46 | 49.5
College 10 10.8
Not reported 3 3.2
How VL’s agent is transmitted?
Insect bite 80 | 86.0
Do not know 13 14.0
How to prevent VL?°
Environmental management 46 49.5
Avoiding standing water 17 | 183
Insecticide spraying 15 | 16.1
Dog collar or topical repellent 15 16.1
Vaccination 3 3.2
Others 6 6.4
Do not know 21 22.6
Why canine euthanasia of infected dogs is recommended?
To avoid the transmission of VL’s agent to humans and / or animals 29 | 312
Because CVL has no cure 10 10.7
To avoid the transmission of VL’s agent to humans and / or animals and because CVL has no cure 8 8.6
Others 4 4.3
Do not know 42 | 452

Rondondpolis, Mato Grosso State, Brazil (2016-2017).

*The upper bounds are included in each class interval.

"Brazilian minimum wage (2016) = US$ 276.7 (R$ 880).

“For this variable, the number of responses per participant was unlimited.

https://doi.org/10.1371/journal.pntd.0009818.t002

an important and useful indicator of the occurrence of CVL, although it has three main chal-
lenges which we will discuss in more detail next.

The present study demonstrated that the geographic location of the screening site might
represent an obstacle to CVL diagnosis seeking-behavior. A decrease in the number of dogs
screened was associated with an increasing distance from neighborhoods to the USZ in all
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Table 3. Frequency distribution of dogs who were screened for Leishmania spp. infection on free demand in the
scope of public health according to physical characteristics and attitudes of their respective owners.

Variable n %
Gender
Female 53 53.5
Male 46 46.5
Finality
Companion 86 86.9
Guard dog 13 13.1
Age group (months)®
<12 14 14.2
12-24 22 22.2
24-36 19 19.2
> 36 42 42.4
Not reported 2 2.0
Apparent signs consistent with canine visceral leishmaniasis (CVL)
Present 73 73.7
Absent 26 26.3
Time presenting apparent signs consistent with CVL (days)*
<30 12 12.1
30-90 21 21.2
90-180 12 12.1
> 180 19 19.2
Not applicable / not reported 35 35.4
Previously treated for the signs consistent with CVL
Yes 50 50.5
No 23 23.2
Not applicable 26 26.3
Reason for performing serological screening on free demand
Presence of suggestive CVL signs 68 68.7
Routine / prevention 15 15.1
Existence of dogs with CVL in the neighborhood 9 9.1
Referral from someone else 6 6.1
Existence of humans with VL in the neighborhood 1 1.0
Attitude in case of seropositivity
Canine euthanasia 58 58.6
Dog treatment 23 23.2
Use of insecticide-impregnated dog collars 3 3.0
Do not know 15 15.2

Rondondpolis, Mato Grosso State, Brazil (2016-2017).

“The lower bounds are included in each class interval.

https://doi.org/10.1371/journal.pntd.0009818.t003

analyzed variants of the dataset. In Rondondpolis, the USZ is located away from the urban cen-
ter with limited public transportation coverage. Previous investigations have already reported
the distance and the difficulty in accessing the screening sites as factors that contribute to late
diagnosis [38-39] and treatment [40] of other diseases. As an attempt to enhance CVL diagno-
sis-seeking behavior, multiple screening sites options should be made available in the area,
especially in more central and/or easily accessible zones. For these purposes, we suggest using
existing primary healthcare facilities that are supported by a multidisciplinary team of the
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Family Health Support Centers (Niicleos de Apoio a Satide da Familia). These sometimes
include veterinarians who could facilitate canine blood collection for passive case detection
[41]. A potential challenge here might be that it would take more effort to ensure completeness
and quality of data for monitoring purposes, as data collection would no longer be centralized
in the USZ. In an optimistic scenario, even the point-of-care test reccommended by the VLSCP
for screening (TR DPP) could be performed in these sites. We also recommend local govern-
ment support for free CVL testing through local private clinics (with clear rules on how and
when dogs are eligible for testing).

The second challenge is that screening for Leishmania spp. infection on free demand is
under-used by socio-economically challenged groups, who are at higher risk of VL [42]. In
Rondonodpolis, it was recently observed that the occurrence of canine infection by Leishmania
spp. is associated with lower socio-economic position of dog owners [43]. In contrast, most of
the individuals interviewed in the present study while attending the screening site seeking for
CVL diagnosis presented a better family income and a high level of education. In our neigh-
borhood-level analysis, we did not find a statistically significant association between CVL diag-
nosis-seeking behavior and mean monthly nominal income per PPH, although the direction
of the association did fit the notion of low uptake by socio-economically challenged groups. It
is possible that a large portion of infected dogs from the municipality, which are those animals
living in the poorest neighborhoods and owned by the poorest individuals, are not covered by
passive case detection. Therefore, we strongly recommend that the aforementioned implemen-
tation of multiple screening sites must prioritize neighborhoods with the worst socioeconomic
indicators in order to enhance the coverage of screening among the poorest populations.

The third main challenge for passive case detection is the seemingly low awareness about
the link between CVL and VL detected among dog owners. This was previously observed in
the area among primary health care professionals [44]. Coura-Vital et al. [45] reported else-
where in Brazil that only one third of dog owners knew the role of dogs in the transmission of
VL’s agent to humans. More recently, a household-based survey observed poor knowledge,
attitudes and practices regarding CVL among dog owners from Rondonépolis [34]. It is likely
that these gaps negatively impact the seeking of CVL diagnosis at screening sites. In our study,
only one dog owner sought screening for Leishmania spp. infection because of a previous
human VL cases in the neighborhood. Also, alarmingly, most of the affected dogs enrolled in
our descriptive survey presented such clinical manifestations for long periods. Consequently,
infected dogs may contribute to the maintenance of local transmission cycles of L. infantum
involving other animals, sand flies and humans nearby [46]. Thus, health educational pro-
grams aimed at population awareness about the importance of routine serological screening
for Leishmania spp. infection in endemic areas should be prioritized. It is important that dog
owners are aware of the infection status of their animals, regardless of the occurrence of clini-
cal manifestations. For that, we suggest the continuous training of community health workers
and school teachers, who can act as spreaders of knowledge within their communities. Also,
the integration of health education activities aimed at multiple endemic zoonoses must be
encouraged, such as rabies and VL [34].

As this study was based on a secondary analysis of routinely collected data, we faced two
important technical challenges. First of all, there was no data available on the size of the
domestic canine population in Rondondpolis, for which our estimates may have deviated
somewhat from reality. However, we consider our estimates robust enough, given that varia-
tion between neighborhoods in terms of the estimated total number of dogs was mostly driven
by actual data on the number of households in each neighborhood (S1 Table). Second, the use
of neighborhood-level data (at which level data on relevant predictors were available) intro-
duces the risk of ecological fallacy. Also known as Simpson’s paradox, this may cause
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associations to be found that do not hold at lower levels of aggregation. To reduce this risk, we
(1) explicitly modelled trends over time within neighborhoods by means of mixed effects
regression, (2) checked that our findings were robust to various time delays for the association
between predictors and outcome, and (3) supplemented our neighborhood-level analysis with
an analysis of subsample of individual-level questionnaire data. As for this subsample, which
was based on a convenience sample of dog owners, it is possible that higher socio-economic
groups were overrepresented in the sample. This may have inflated our estimates of self-
reported knowledge about the public health relevance of canine VL, further highlighting the
need for policy action. A last point of note is that we selected variables based on forward selec-
tion, a method that is known to inflate Type I errors [47]. However, this is not necessarily
problematic given the exploratory nature of our research and the fact that our findings seem to
follow common sense and fit well with existing literature.

In conclusion, passive case detection is an important tool to diagnose CVL and monitor its
occurrence in the population. However, its implementation and uptake are most likely chal-
lenged by distance to the screening site, low socioeconomic status and low population aware-
ness about CVL and its epidemiological relevance. Therefore, public health authorities and
decision-makers should consider the implementation of multiple accessible screening sites,
prioritization of socio-economically disadvantaged areas and the implementation of health
educational activities for the community. In parallel, CVL active case detection must be con-
ducted as a surveillance tool to guide control actions. Taken together, these measures can
enhance the screening of canine reservoirs and, hopefully, improve the control of VL.
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