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Abstract.

To assess the effect of the rapid removal of potentially infectious dogs on the prevalence and incidence of

canine infections, a prospective study was undertaken in an area endemic for Leishmania infantum. We used serological
testing based on the rapid DPP rK28 fusion protein chromatographic immunoassay for this dog screening-and-culling
intervention trial. The outcome was evaluated by measuring seropositivity and sero-conversion/-reversion rates for
canine infection. Our estimates indicated that concomitant detection and elimination of seropositive dogs with active
disease may affect the numbers of canine infections and disease burden temporarily, although it is insufficient as a
measure to interrupt the zoonotic L. infantum transmission. However, most of the asymptomatic, seropositive dogs
continuously exhibit low levels of antibodies and/or reverted, remaining seronegative thereafter. In the process of waiting
for an effective vaccine, one option for canine reservoir control may be to identify these possibly genetically resistant

animals and promote their expansion in the population.

INTRODUCTION

Leishmaniasis caused by infection with the parasite genus
Leishmania, is one of the major infectious diseases primarily
affecting some of the poorest regions of the world. The disease
is endemic in 98 countries or territories, and the World Health
Organization (WHO)' estimates that it is a threat to 350 million
people with a worldwide prevalence of 12 million cases. Among
the annual incidence of 2 million new cases of human infec-
tions, 0.5 million are life-threatening visceral leishmaniasis
(VL). It should be noted that an estimated 2.4 million disability-
adjusted life years, in addition to 59,000 lives were lost to
leishmaniasis in 2001 alone.” The three variations of the dis-
ease, visceral, mucocutaneous, and cutaneous leishmaniasis,
consist of a wide range of symptoms, with VL causing the
most severe clinical manifestations.

Zoonotic VL is found in areas of Leishmania infantum
(syn. Leishmania chagasi) transmission (Latin America,
southern Europe, North Africa, and West and Central Asia)l;
the disease tends to be relatively chronic, and children are espe-
cially affected. In Brazil, VL is an increasingly important
public health problem because of its frequency of occurrence
(the reported human VL incidence in the 2000s averaged
3,362 cases/year) and its ability to spread rapidly.” The para-
site is transmitted from animals to arthropod vectors and then
from vectors to humans. In Latin America, L. infantum is
usually transmitted by Lutzomyia longipalpis phlebotomine
sand flies,* and the population density of these insects in the
peridomestic setting can reach very high levels.” The essential
maintenance cycle of L. infantum involves foxes (Dusicyon
vetulus and Cerdocyon thous),*’ and domestic dog (Canis
familiaris) populations serve as the peridomestic reservoirs of
the parasite.*® Although opossums (Didelphis albiventris
and Didelphis marsupialis) can be naturally infected,'®"! their
epidemiologic role as sylvatic or peridomestic reservoir hosts
remains unknown.
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Measures used to control VL in Brazil have focused on
disease surveillance through active case detection and treat-
ment, the culling of seropositive dogs, and the use of residual
insecticide spraying of houses and animal shelters.'> However,
it is unclear which strategy provides the most cost-effective
control of zoonotic VL, and a valid impact evaluation has not
been conducted.'*'* Concomitant use of the three control
methods was able to significantly reduce the numbers of
human and canine cases in Minas Gerais, Brazil.'> The results
of several intervention studies based on serological screening
of dogs and killing of seropositive animals are equivocal.'®°
In theory, effective control would require a high proportion of
infectious dogs to be removed immediately upon detection to
achieve a marked reduction in disease transmission.®° Thus, it
is postulated that if culling could target infectious (rather than
simply infected) dogs, its effectiveness may be increased
because the proportion of dogs that have never been infectious
in the population may increase.”*! On the basis of these obser-
vations, we conducted a prospective intervention study to
determine whether concomitant detection and elimination of
seropositive dogs developing clinical illness would decrease the
prevalence and incidence of canine infection in a hyper-
endemic area of rural southeast Brazil (Pancas, in the state of
Espirito Santo). This report summarizes the effects of the con-
trol intervention targeting severe dog cases (which are likely to
be highly infective to sand flies) on canine infection as deter-
mined by serological data in longitudinal studies.

MATERIALS AND METHODS

Study area. Field work was conducted in a rural area sur-
rounding the municipality of Pancas in the state of Espirito
Santo, Brazil. A complete census of domestic dogs was
obtained in a small community made up of 45 well-dispersed
houses situated along four streams, Cérregos (Creeks) Sao Luiz
I, Palmital, Roque, and Uba. The study area has been previ-
ously described in detail. > This L. infantum-endemic location
was chosen because VL had been continuously transmitted
there during the last 10 years.'® In 2003, nearly 57% of the
indigenous dogs were seropositive (the seroprevalences through
neighboring localities ranged from 42% to 76%),% thus
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suggesting that L. infantum transmission in Pancas is higher
than that reported for other regions in Brazil endemic for this
parasite.”>!® Currently, there are many more cases of clinical
disease in dogs than in people, but the regions are free of
Chagas’ disease and cutaneous leishmaniasis.

Dog surveys. The house-to-house surveys ran from Decem-
ber 2009 to March 2011, during which time serological studies
were performed on all available dogs. Sampling was con-
ducted continuously over each 4-month sampling period.
Data were analyzed at the end of each sampling period and
again at the completion of all sampling periods. Consenting
owners provided the age, sex, and breed of each animal in
the study. The first cohort contained 123 dogs, and addi-
tional animals were enrolled into the study at sampling dates
(Table 1). All dogs underwent gross physical examinations
conducted by veterinary practitioners in the field. At the sam-
pling times, animals (composed mainly of guard dogs, hunting
dogs, pet dogs, and strays, with a mean age of 2.3 years) were
scored clinically for 6 typical signs of canine VL (alopecia,
dermatitis, chancres, conjunctivitis, lymphadenopathy, and
onychogryphosis) on a semi-quantitative scale as previously
described.? Dogs with total scores of 0 to 2 were classified as
asymptomatic, those with scores of 3 to 6 were classified as
oligosymptomatic, and those with scores of 7 to 18 were clas-
sified as polysymptomatic.

Serology. Serologic tests were performed using an inno-
vative colloidal gold-based immunochromatography assay
(namely, the rK28-based DPP CVL rapid test) designed to
detect antibodies against the rK9/K26/K39 antigens of L.
infantum (Biomanguinhos, Fiocruz, Rio de Janeiro, Brazil).
The results of the ready-to-use disposable devices (which uses
a 5-uL fresh blood sample) were read visually after 15 min
first by two independent operators and then using a DPP
optical reader device that measures reflectance in relative
light units (RLU). Despite the DPP Evaluation Scales for

TABLE 1

Summary of canine surveys in the intervention area of Pancas, Espirito
Santo, Brazil in 2009-2011*

Outcome of the follow-up survey

Removed Died or

Sampling Sero- Sero-
(euthanized)  moved

interval No. (%) positive negative

Dec 2009-July 2010

Pos. 38 (31) 5 9 21 3
Neg. 85 (69) 6 51 28
Total 123 11 60%

July 2010-Oct. 2010

Pos. 25(23) 2 8 13 2
Neg. 86 (77) 6 58 22
Total 111 87 66%

Oct. 2010-March 2011

Pos. 15 (14) 5 2 5 3
Neg. 94 (86) 21 37 36
Total 109 26t 39%

March 2011

Pos. 37 (40)

Neg. 56 (60)

Total (93)

*Positive (Pos.) equals the total number of seropositive dogs in the follow-up group () plus
new dogs that moved into the area that were seropositive. Negative (Neg.) equals the total
number of seronegative dogs in the follow-up group (%) plus new dogs that moved into the area
that were seronegative.

evaluating test results provided by the manufacturer, any visible
band in the test area (in addition to the control line) was consid-
ered a positive reaction if the specific antibody reactivity was
above the cut-off value of 3 RLU; this value was established as
the mean RLU plus five standard deviations obtained using the
control sera from 59 health pets of various ages and breeds that
had attended a veterinary clinic at the municipality of Vitoria, ES
(a'VL-free area of Brazil). We chose this rapid test for our surveys
because it is easily used in the field. It has also been reported®
to be as sensitive as rK26- and rK39-based ELISAs and superior
to immunofluorescence assays>* in detecting clinically symptom-
atic and asymptomatic canine carriers of L. infantum.

Intervention and effect measures. After informed consent
was obtained from dog owners, the local public health service
personnel removed all dogs with a DPP-determined K28-
specific antibody reactivity of > 15 RLU and/or with active
disease to a veterinary public health post where they were
eliminated within 8 days after being diagnosed. Before being
euthanized using intravenous potassium oxalate, dogs were
anaesthetized with 20-mg ketamine hydrochloride (Vetalar)/
kg body weight, injected intramuscularly. Dogs with antibody
levels lower than 15 RLU were not euthanized but were mon-
itored serologically to follow the infection behavior in the
local canine populations. The intervention began at the onset
of the study and was maintained for the 15-month period. The
elimination of a few seropositive stray dogs was justified for
many reasons connected with health, the environment, and
conservation.! The existence of zoonotic VL in the studied
sites provided additional justification. No human VL case
treatment or vector control programs occurred during the
study period. The outcome was evaluated by measuring sero-
positivity and seroconversion rates for canine L. infantum
infection. In addition, on the basis of both the number of
K28-specific antibody units and their changes over time, we
were able to reliably identify dogs that were potentially
noninfectious and infectious. A control group was not consid-
ered in this intervention trial because of the obvious ethical
dilemma. Moreover, the heterogeneity of disease transmis-
sion within the study area could generate imbalances in the
baseline comparisons among canine groups.

Statistical analysis. Changes in prevalence and incidence of
canine infection during the study period were compared using
the 52 test and the 2 test for trend over time.

Ethical considerations. This research has complied with all
relevant Brazilian federal guidelines (Projeto de lei 3.964/
97-www.planalto.gov.br). Informed consent (in either writ-
ten or verbal form) was obtained from all owners to use
their dogs. The Ethics Committee of Universidade Federal
do Espirito Santo (UFES) sanctioned all clinical and exper-
imental procedures.

RESULTS

Detection of anti-Leishmania antibodies in dogs. Dogs
were considered to be infected if they tested positive by
serology using the DPP-based chromatographic assay (i.e.,
showed any antibody reactivity above the threshold of 3 RLU).
When seropositive dogs were subdivided based on disease
severity, there was an increase in the ability of the serologi-
cal test to detect cases with progressed disease. As expected,
asymptomatic dogs (60%) displayed weak antibody responses
(5.60 = 0.76 RLU), and oligosymptomatic (15%) and
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polysymptomatic (25%) canines had moderate (30.43 =+
3.56 RLU) and high (55.67 + 2.46 RLU) serum antibody
reactivities, respectively, to the K28 fusion protein. DPP-
tested dogs produced antibodies at various levels. Further-
more, dogs with latent infection (which are likely to be
lowly infective to sand flies) could be easily distinguished
from potentially infectious dogs (i.e., those developing clinical
disease) based on both the levels of parasite-specific antibodies
and their rates of change over time.

Prevalence and incidence of canine infection. The data
from the canine surveys are shown in Table 1. In December
2009, 123 dogs were surveyed and 38 (31%) of them were
seropositive. Of the 102 dogs found to be asymptomatic, only
17 (17%) were seropositive. In contrast, all (21) symptom-
atic dogs were seropositive for rK9/K26/K39 antigens. Of
these 38 infected dogs, 24 (63%) were euthanized (N = 21),
died of other causes (N =2), or could not be located (N = 1).
By July 2010, 6 (7%) of the 85 seronegative dogs were sero-
positive, 51 were still seronegative, and 28 could not be
located. At that time, 25 dogs were seropositive, including
14 newly recruited ones, and 86 were seronegative, including
26 newly recruited ones. Thus, at the 7-month time point, the
incidence rate was 11%; this rate was estimated by dividing
the number of converters to seropositive status (N = 6) by
the number of dogs (both seronegative and seropositive)
available for survey (N =57).

In October 2010, 111 dogs were surveyed and 25 (23%)
of them were seropositive (12 of 73 [16%] asymptomatic and
13 of 13 [100%] symptomatic). Of these 25 infected dogs, 15
(60%) were euthanized (N = 13), died of other cause (N = 1),
or could not be located (N = 1). At that time, 6 (7%) of the
86 seronegative dogs identified in July had converted to a
seropositive status, 58 were still seronegative, and 22 could not
be located. Fifteen dogs were seropositive, including 7 newly
recruited ones. Ninety-four were seronegative, including 28 newly
recruited ones. At the 10-month period, the incidence rate
was 9% (6 of 64).

Of the 109 dogs surveyed from October 2010 to March
2011, 15 (14%) were seropositive (10 of 89 [11%] asymptom-
atic and 5 of 5 [100%] symptomatic). Of these 15 infected
dogs, 8 (53%) were euthanized (N = 5), died of other causes
(N =2) or relocated by their owners (N = 1). In March 2011,
21 (22%) of the 94 seronegative dogs had converted to a
seropositive status, 37 dogs were still seronegative, and 36
could not be located. At that time, 37 dogs were seropositive,
including 11 newly recruited ones. Fifty-six dogs were sero-
negative, including 17 newly recruited ones. At this 15-month
period, 40% of the dogs surveyed (37 of 93) were seropositive
and the incidence rate was 36% (21 of 58). Notably, 32 (31%)
of 103 newly recruited (indigenous sentinel) seronegative
dogs were infected during the 15-month period (mean sero-
conversion time was 8 months).

Figure 1 shows the change in prevalence of dog seropositiv-
ity over time. From an initial overall seroprevalence of 31 %,
the seropositivity rate decreased significantly to 14% (P =
0.002) at 10 months before again, rising significantly to 40%
(P =0.001) at the 15-month period after intervention. There
were no statistically significant differences in either sex or age
distribution between the infected (seroconverters) and non-
infected (seronegative) dogs (data not shown). Differences in
breed distribution could not be determined because breed
miscibility prevailed in the local dog population. As expected,

50 r **

Prevalence (%)

Dec 2009 July 2010 Oct 2010 March 2011
Study period

Ficure 1. Initial seroprevalence and seropositivity rates of canine
Leishmania infantum infection in the intervention sites (Pancas, ES,
Brazil, 2009-2011). Statistically significant differences between sero-
positive rates over time are indicated as *(P = 0.002) or **(P = 0.001).

the seroprevalence of canine infection throughout contiguous
localities was highly variable, ranging from 15% to 46% in the
first survey (Table 2), suggesting a large heterogeneity in the
transmission of L. infantum within the study area.

As presented in Figure 2, the cumulative seroconversion
incidence for L. infantum infection among dogs also increased
significantly from 9% to 36% (P < 0.001). Nonetheless, the
elimination of symptomatic dogs that exhibited robust anti-
body responses led to a 62% reduction of the canine disease
burden during the study period.

Serological reversions. Serological reversion rates were cal-
culated for the remaining dogs that were seropositive in the
first survey and were available for repeat sampling. Overall,
50% (19 of 38) of the dogs reverted from a positive to negative
serological status during the 15-month period. By July 2010, 14
of the original 38 seropositive dogs remained alive and 9 had
reverted to displaying negative titers. Of these 9 dogs, 4 showed
a single positive conversion following two negative readings.
The 5 remaining dogs showed weak positive antibody reactiv-
ity, which subsequently fell below the threshold of 3 RLU.
Of the 25 dogs that had converted to a seropositive status in
October 2010, 10 dogs were still alive and 8 dogs had reverted
to a seronegative status. Of the 15 seropositive dogs identified
in March 2011, 7 survived and 2 of them had reverted to a
seronegative status after three consecutive positive readings.
The 5 remaining dogs had positive but low titers.

TABLE 2

Seropositivity rates of canine Leishmania infantum infection shown
by the duration of exposure and by intervention site (Pancas, ES,
Brazil, 2009-2011)

1K26/rK39-specific antibodies detected by the DPP CVL rapid test

No. initially No. seropositive at ~ No. seropositve at  No. seropositive at
Study seropositive no. 7 mo/no. tested 10 mo/no. tested 15 mo/no. tested
sites™ tested (%) (%) (%) (%)

SL 19/41 (46) 7135 (20) 527 (19)  10/22 (45)
P 5/29 (17) 3/22 (14) 325(12) 12022 (55)
R 10127 (37) 9/29 (31) 429 (14) 4122 (18)
U 426 (15) 6/25 (24) 328 (11) 11727 (41)
Total 38123 (31)  25/111(23)  15/109 (14)  37/93 (40)

*Small, scattered settlements made up of well-dispersed houses located along four Creeks
(SL = Sao Luiz I, P = Palmital, R = Roque, and U = Ub4) in the study area.

Note: At 7 months, seroprevalences were calculated for the follow-up group that was
available for survey. At 10 and 15 months, seropositivity rates were calculated for the original
follow-up group plus new canines that had moved into the area and remained there for at
least 3 months.
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FiGure 2. Cumulative incidence of seroconversion for canine
Leishmania infantum infection in the intervention sites (Pancas, ES,
Brazil, 2009-2011). *Significant differences (P < 0.001) between inci-
dence rates over time.

DISCUSSION

In areas of Brazil in which VL is endemic, prophylactic con-
trol programs emphasize the serologic surveillance of canines
and humans, and the elimination of seropositive animals.'**
These culling campaigns are very expensive and labor inten-
sive, and their relatively poor performance is aggravated by
the absence of any good marker for infectious status in dogs.’
Hence, both the efficacy and acceptability of this control
strategy are increasingly being challenged.>!*?%?” Our data
clearly show that attempting to remove seropositive dogs with
active disease soon after detection may affect the cumulative
incidence of seroconversion in dogs temporarily, although it is
insufficient as a measure for eradicating canine VL. Indeed,
the transmission of L. infantum was not interrupted, as
evidenced by the detection of newly infected dogs every
4 months throughout the study. Comparable results were
obtained previously during a controlled intervention study in
dogs in northeast Brazil.!® These findings could be related to
the efficiency and timing of the removal of dogs and the effect
of these practices in relation to seasonal variations in trans-
mission.®?® Furthermore, the newly infected dogs could have
moved into the area and brought the infection with them.

Although latent infections in dogs are typical,'>* the epide-
miologic relevance of these infections is poorly understood.
The development of accurate assays, which are able to detect
not only symptomatic parasitologically positive dogs but also
seropositive asymptomatic dogs already infectious for sand
flies, should be a research priority. Another explanation for
the continued transmission observed during this study may be
the incomplete elimination of infectious dogs, given that not all
seropositive dogs were culled during the study period. More-
over, not all infected dogs were expected to be detected using
serology,” as the DPP CVL rapid test has a low sensitivity
(47%) in identifying parasite-positive dogs that do not manifest
clinical signs of VL.>> However, despite the infectious potential
of naturally infected asymptomatic seropositive dogs for sand
flies,>*>° these dogs are likely not epidemiologically significant.
It is known that the probability of L. longipalpis becoming
infected from an infected dog significantly increases with the
strength of the dog’s anti-Leishmania antibody response and its
total clinical score.”?'™* Theory also states that only a small

proportion (17%) of highly infectious dogs are expected to be
responsible for 88% of all transmission.

It is generally acknowledged that humans are dead-end hosts
for L. infantum in most cases™°; this is because skin parasitism
is more frequent in dogs and foxes than in humans.® None-
theless, the reservoir competence of the human host for this
parasite species, as occurs in areas endemic for Leishmania
donovani VL in Bangladesh, India, and Nepal,l has also been
suspected in Brazil.'®** Accordingly, 11 of the 44 persons with
active VL caused by L. infantum transmitted the infection to
0.7% of the total number of sand flies (26 of 3,747) that had fed
on them, as characterized through xenodiagnosis; however, no
sand flies acquired the infection from the 137 asymptomatic
persons identified in the study.®® In a previous survey con-
ducted in 2003 at the same intervention sites used for the
current study, 42% of the human residents were leishmanin-
positive reactors and 47% were seropositive.>? In this study,
human-to-canine transmission of L. infantum infection by sand
flies was unlikely, as no case of human VL was diagnosed
during the study period.

Further studies are needed to determine the influence of
reservoirs other than dogs on maintaining the long-term pres-
ence of the parasite in the study area. It is assumed that when
infected foxes and opossums feed near human dwellings, they
are bitten by L. longipalpis living in the peridomestic environ-
ment. These sand flies then become infected and subsequently
transmit the parasite to dogs or humans living nearby.®*
If opossums serve as an important peridomestic reservoir of
L. infantum,'®"" VL may not be controlled in a community
solely by eliminating infectious dogs. Canine habits could also
be associated with susceptibility to L. infantum infection. In
particular, guard or hunting dogs and strays experience a
higher force of infection than pet dogs.?! In this study, most of
the “owned” dogs were guard and hunting dogs. This could
have increased a dog’s chance of becoming infected, because
working dogs usually sleep outdoors and are bitten more fre-
quently than pet dogs by sand flies that have fed on roving
sylvatic hosts near human dwellings.” It should be noted that
only a few seropositive stray dogs (either scored as symptom-
atic or asymptomatic) that were detected were all culled
immediately upon detection.

The clinical expression of L. infantum infection in dogs is
highly variable, depending on the immune status of the host
and other genetic factors influencing canine susceptibility to
VL3738 Severely affected dogs do not survive the disease,
although subclinical infections may occur commonly in
dogs®*?° as they do in humans.'®?*3* Hence, the removal of
all seropositive dogs may be counterproductive in controlling
VL; a proportion of infected dogs never become infectious,
but these dogs may be replaced by susceptible puppies that do
become infectious.”?** In support of this hypothesis, the
indigenous dog population in this study remained stable over
the study period. This may have been because euthanized
canines or those that died of natural causes were rapidly
replaced by younger dogs (more often by puppies) that even-
tually underwent seroconversion. It has been postulated that
the canine population in endemic areas is likely composed of
four mutually exclusive groups of hosts: those susceptible,
those resistant, those susceptible that become latent after a
sand fly bite (asymptomatic), and those infectious to sand flies
that emerge from latent canines at a constant rate.*'** Dogs
born resistant to L. infantum would be able to maintain an
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effective cellular immune response against the parasite and
thus would not become infectious for sand flies.

The reasons some dogs maintain resistant infections while
others show latent infections are unknown.”"> However, our
estimates of serological reversion rates indicated at a high
recovery rate among the identified seropositive canine popula-
tion, suggesting that efficacious immune mechanisms exist.*’
Of importance, these possibly genetically resistant dogs could
be identified in the field, as they continuously exhibit low levels
of K9/K26/K39-specific antibodies and/or revert, remaining
seronegative thereafter. Further research is required to confirm
that canines displaying this serological profile actually consti-
tute never-infectious reservoirs for sand flies. Such information
is important as promoting population expansion of genetically
determined resistant dogs would significantly improve VL con-
trol. However, the most feasible approach to controlling VL
are likely the development of an effective vaccine to protect
dogs from being infectious to the sand fly vector, and identify-
ing new methods to prevent infection in canines and humans,
such as the use of insecticidal dog collars,**® and insecticide-
treated bednets,*’*® which are promising in reducing canine
and human incidence. Future intervention trials should show
whether these new tools could be used to develop a sustainable
VL prevention and control strategy.
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