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ABSTRACT

Dogs are considered to be the main domestic reservoir associated with the transmission
of Leishmania (L.) infantum chagasi to humans in endemic areas of visceral leishmaniasis in
America. However, little is known about the role of canines as a source of infection in endemic
areas of nonulcerated cutaneous leishmaniasis (NUCL). Therefore, the objective of the present
study was to investigate the role of dogs as a possible reservoir of the parasite in Southern
Honduras. Dogs (n = 107) living with individuals affected by NUCL were clinically examined
and biological material was collected for parasitological and immunological diagnosis.
Most animals showed a healthy appearance and a few presented slight weight loss (64%),
alopecia (7%), onychogryphosis (5%) and skin lesions (1%). The overall seroprevalence of
Leishmania infection based on the DDP® quick test and/or in-house ELISA serological test
was 41%. The presence of the parasite’s DNA was confirmed in 94% of the dogs; however,
the average parasite load in the buffy coat was low at 6.09 parasites/uL, ranging between
0.221 and 50.2. The skin of seropositive dogs examined by histopathology using paraffin
sections stained by hematoxylin and immunohistochemistry did not show cutaneous lesions
or parasite amastigotes. Based on the absence of parasites in the skin and the low parasite
load detected in the buffy coat, it seems that the dog does not represent a good source of
infection for the vector in the endemic area of NUCL transmission in Southern Honduras.

Other domestic and/or wild animals should be investigated.

KEYWORDS: Canine leishmaniasis. Leishmania (L.) infantum chagasi. Nonulcerated
cutaneous leishmaniasis. Diagnosis. Honduras.

INTRODUCTION

Leishmania (L.) infantum chagasi is a protozoan transmitted by a phlebotomine
vector that is responsible for causing visceral leishmaniasis (VL) in the Americas'-,
it becomes a fatal disease if not diagnosed in time and treated properly. However,
in some Central American countries, such as Costa Rica, El Salvador, Nicaragua
and Honduras, this species of protozoan causes, in addition to VL, an atypical
cutaneous form called nonulcerated cutaneous leishmaniasis (NUCL)*. In Honduras,
leishmaniasis is a notifiable disease and occurs in different clinical forms caused
by different parasite species. In arid or semiarid zones found in Southern regions,
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nonulcerated or atypical cutaneous leishmaniasis and
visceral leishmaniasis, both caused by Leishmania (L.)
infantum chagasi are endemic; conversely, in the Northern
region of the country with a predominance of a more
humid climate, ulcerated cutaneous leishmaniasis and
mucocutaneous leishmaniasis, both caused by parasites
of the subgenus Viannia [Leishmania (V.) braziliensis and
Leishmania (V.) panamensis] are prevalent®®.

This clinical form is characterized by nodular and/or
papular lesions surrounded by a hypopigmented halo with
slow evolution that does not ulcerate regardless of the time of
infection. VL and NUCL are independent clinical forms; one
does not precede the other*”. The skin lesions in NUCL are
characterized by a mononuclear inflammatory infiltrate’, with
a predominance of IFN-y-producing CD8+ T lymphocytes
and M1-type macrophages. This immune response could
be responsible for controlling tissue parasitism and the
progression of skin lesions®®. Nonetheless, the presence
of Treg cells in these lesions could be responsible for
the maintenance of low tissue parasitism. Thus, these
cells collaborate to maintain a memory cellular immune
response'?, as confirmed by the strong late hypersensitivity
response observed in these patients''.

Dogs are considered to be the main domestic reservoir
and their skin parasitism has been associated with the
transmission of Leishmania (L.) infantum chagasi to
humans'. However, controversial results concerning the
transmission potential of symptomatic and asymptomatic
dogs have been reported. While some authors have shown
that asymptomatic dogs are unable to infect vectors' or
infect similar proportions to oligosymptomatic animals',
others have shown that asymptomatic dogs are highly
competent to transmit Leishmania (L.) infantum chagasi to
the natural vector, and the skin parasitism was not crucial for
the ability to infect Lutzomyia longipalpis, but the presence
of Leishmania in lymph nodes was significantly related to
a positive xenodiagnosis'®.

In the early 1990s, when Ponce et al.* described the
nonulcerated cutaneous form caused by Leishmania (L.)
infantum chagasi in El Tigre island, Amapala city, Southern
Honduras, they suggested the dog as a possible reservoir
for the parasite, since 16% (7/45) of the examined animals
showed positive serology. However, since then, no further
studies have been carried out to assess the role of the dog as
a possible reservoir for Leishmania (L.) infantum chagasi in
this region. Therefore, the main objective of this study was
to investigate the presence of dogs with clinical signs and/or
positive parasitological and immunological diagnosis in
residences where individuals affected by NUCL live, and to
correlate these findings with the role of the dog as a possible
reservoir for the parasite.
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MATERIALS AND METHODS
Study design

Mongrel dogs of different ages and sexes living in
endemic areas of nonulcerated cutaneous leishmaniasis
(NUCL) caused by Leishmania (L.) infantum chagasi*” in
El Tigre island, Amapala city, Southern Honduras, were
investigated from February to March 2019.

A selection was made with the support of the Amapala
Health Unit, according to the convenience of the houses
whose inhabitants agreed to participate in the study, and
where the dogs and at least one patient with NUCL lived
together or close by. The diagnosis of the patients was
made by direct examination of the skin lesion scraping and
stained with Giemsa; later, it was confirmed by molecular
tests, including the characterization of the parasite
species by PCR-RFLP using HSP-70 followed by Haell
digestion''6. A total of 50 houses were visited and 107
dogs were clinically examined and submitted to collection
of biological material for parasitological and immunological
diagnosis. The animals had access to intra, peri- and
extradomiciles throughout the day. Before the collection of
biological samples, the animals were submitted to a clinical
examination performed by a veterinarian who considered
relevant clinical signs suggestive of canine leishmaniasis,
such as skin lesions, alopecia, lymphadenomegaly,
onychogryphosis, apathy, anorexia, weight loss, and
epistaxis, among others'.

With the help of the owners, the animals were submitted
to the Leishmanin Skin Test (LST), followed by the
collection of 4 mL of whole blood by venipuncture, which
was placed in tubes with EDTA. After centrifugation, the
plasma was collected and stored in a -20 °C freezer until use.
Plasma was used for serological tests: Rapid Test Dual Path
Platform — RT-DPP (Bio-Manguinhos, BR) and in-house
Enzyme-linked Immunosorbent Assay (ELISA). The buffy
coat was also collected and stored in a -70 °C freezer for
DNA extraction and PCR. The biological material collected
was stored at the Genetic Investigation Center of the
Autonomous University of Honduras and later sent to the
Laboratory of Pathology of Infectious Diseases (LIM-50)
of the Faculty of Medicine of the University of Sao Paulo,
where it was processed.

Parasitological diagnosis
Histology
Skin biopsies from the pinna were collected using a

3-mm punch under aseptic conditions and local anesthesia.
The biopsies were fixed in 10% formalin solution buffered
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with 0.01 mol/L phosphate and processed by using the usual
histological techniques. Paraffin sections of 4-5 um were
stained with hematoxylin and eosin (HE). The sections were
observed under an optical microscope to characterize the
histological features and tissue parasitism.

Immunohistochemistry

Paraffin histological sections of the skin biopsies
were subjected to immunohistochemical reactions for the
detection of parasites, according to Moreira et al.'®, using
the total serum of mice chronically infected with Leishmania
as a primary antibody and the LSAB kit (DakoCytomation,
USA) for the development of the reaction and detection of
parasites in situ.

PCR

Real-time PCR was performed in the buffy coat (BC)
to quantify and identify the infectious agents®.

DNA extraction from BC was performed with the
Ilustra Blood Genomic Mini Prep (GE Healthcare,
USA) following the kit protocol. The DNA was
stored at -20 °C until use. Primers targeting a small
fragment (120 bp) of Leishmania kDNA, LEISH-1
(5’-AACTTTTCTGGTCCTCCGGGTAG-3") and LEISH-2
(5’-ACCCCCAGTTTCCCGCC-3") were used”'. The
amplification conditions were as follows: 95 °C for 4
min, followed by 35 cycles of denaturation at 95 °C
for 15 s, annealing of primers at 58 °C for 20 s and
extension at 72 °C for 8 s. The negative results were
checked by using mammalian B-actin primers. The
cutoff (Ct) value of each sample was plotted against
a standard curve generated with serial dilutions of
Leishmania (L.) infantum chagasi DNA (MHOM/
BR/72/BH-46) from 1 x 10° to 1 x 10~ parasites/uL
to estimate the parasite load/uL.

After 35 cycles of amplification, a melting curve was
generated with a ramp speed of 2.0 °C/s between 70 °C
and 95 °C and analyzed by using Eppendorf Realplex
software (version 2.0, Merck KGaA, Darmstadt, Germany).
The species identification was based on the characteristic
melting temperature (Tm) for Leishmania (L.) infantum
chagasi (Tm = 83.5 + 0.5°C, one peak)’.

Immunological diagnosis

Leishmanin Skin Test (LST)

The leishmanin skin test was performed according to
Silveira et al.?°. An antigenic suspension was prepared from
Leishmania (L.) infantum chagasi promastigotes (MCAO/
BR/2003/M22697) at a concentration of 4x10® parasites/
mL in merthiolate solution (1:10,000). A volume of 100 pL
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was injected intradermally into the abdominal region of each
dog. After 4872 h, the area of erythema or nodules was
measured and the dogs that presented erythema or nodules
with a diameter > 5 mm were considered to have a positive
reaction for LST. As a negative control, Merthiolate solution
(1: 10,000) was applied intradermally at an adjacent point
at least 5 cm away from the leishmanin inoculation site.

DPP*

A chromatographic immunoassay based on Dual
Path Platform technology (DPP® CVL rapid test,
BioManguinhos, Rio de Janeiro, Brazil) was developed
according to the manufacturer’s recommendations?'.

In-house ELISA

An enzyme-linked immunosorbent assay was performed
according to Laurenti et al.?'. Briefly, a microtiter of
96-well flat bottoms was sensitized with 100 mL of crude
total antigen, 10 mg/mL of the protein of Leishmania (L.)
infantum chagasi promastigotes in a carbonate-bicarbonate
buffer 0.1 M pH 9.5 and incubated in a humid chamber
overnight at 4 °C. Then, the microtiter was washed with
a 0.15 M pH 7.2 phosphate buffer containing 0.05%
Tween-20 (PBS-T). The plates were blocked with a solution
of 10% skimmed milk powder in PBS-T and incubated in a
humid chamber for 2 h at 37 °C. After washing three times
with PBS-T, the samples of the test sera and positive and
negative controls were added in duplicate at a dilution of
1:400 in PBS-T and incubated at 37 °C for 1 h. Following
a new wash, anti-canine IgG (A40-123AP) conjugated to
alkaline phosphatase (Bethyl, USA) was added at a 1:2000
dilution in PBS-T and incubated at 37 °C for 45 min in a
humid chamber. The development of the color reaction was
performed with a chromogenic substrate (1.0 mg/mL pNPP,
Sigma, USA) in a 0.1 M pH 9.5 carbonate-bicarbonate
buffer with incubation at room temperature for 30 min. The
reaction was stopped with 3 M NaOH, and the absorbance
was read with a 405-nm filter. The cutoff of the reaction
was calculated from the mean absorbance of the negative
sera added to three standard deviations.

Data analysis

Statistical analysis was performed with GraphPad Prism
(version 8.0, GraphPad, Boston, MA, USA). We used the
Kolmogorov—Smirnov’s test for normality. To correlate the
different tests for the diagnosis of canine leishmaniasis,
the Pearson’s test was used for data with a Gaussian
distribution, and the Spearman’s test was used for those
without a normal distribution. A significant difference was
considered when p < 0.05.
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Table 1 - Clinical data of households with dogs that live with NUCL patients on El Tigre island, Amapala city, Honduras, 2019 (n = 107).

Weight loss Onychogryphosis Skin lesions Alopecia
Positive 69 (64%) 5 (5%) 1 (1%) 8 (7%)
Negative 38 (36%) 102 (95%) 106 (99%) 99 (93%)

Ethical statement

The project was approved by the Research Ethics
Committee of the Master of Infectious and Zoonotic
Diseases of the National Autonomous University of
Honduras (N°03-2014) and the Committee on Ethics in the
Use of Animals and the National Council for the Control
of Animal Experimentation of the Faculty of Medicine of
University of Sao Paulo (N° 172/14).

RESULTS
Clinical data

An average of 3 dogs per household were observed,
ranging from 1 to 12 animals. Of the 107 dogs evaluated in
the present study, 65 (61%) were males and 42 (39%) were
females. The age of the animals ranged from 1 to 10 years,
with 50% of them aged less than or equal to 3 years. Most of
the animals showed a healthy appearance and a few of them
presented clinical signs suggestive of canine leishmaniasis,
5% (5/107) onychogryphosis, 1% (1/107) skin lesion and
7% (8/107) alopecia, in addition to a slight weight loss
found in 64% (69/107) of the dogs (Table 1).

Parasitological diagnosis

Parasitological diagnosis was performed by searching
for Leishmania DNA through polymerase chain reaction
in the buffy coat (PCR-BC), as well as by cutaneous
histopathological studies using paraffin sections stained by
hematoxylin (HE) and immunohistochemistry (IHC). The
results are shown in Table 2. By PCR-BC, we observed 56%
(60/107) of the dogs were positive; however, none of them
showed any histopathological changes in the skin or parasite
amastigotes by immunohistochemistry in the cutaneous
tissue. Considering at least two clinical signs, from nine
animals, six presented positive results in PCR-BC (66.7%
of them). The average parasite number detected in the buffy
coat was 6.09 parasites/uL, ranging between 0.221 and 50.2.
Considering at least two clinical signs (9/107), the average
parasite load in the bufty coat was 17.9, ranging between 5.99
and 24 4. The parasites were characterized as Leishmania (L.)
infantum chagasi based on their typical melting temperature.
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Table 2 - Parasitological diagnosis of the household with dogs
that live with NUCL patients on El Tigre island, Amapala city,
Honduras, 2019 (n = 107).

Parasitological Diagnosis

Peripheral

Blood Skin
PCR-BC HE IHC
Positive 60 (56%) 0 (0%) 0 (0%)
Negative 47 (44%) 107 (100%) 107 (100%)

PCR-BC = Polymerase chain reaction — buffy coat;
HE = hematoxylin and eosin; IHC = immunohistochemistry.

Immunological diagnosis

The immunological diagnosis evaluated the humoral
immunity by testing for IgG in the plasma, using serological
tests (DPP and ELISA) and cellular immunity by delayed-
type hypersensitivity test (LST). The data are shown in
Table 3. Serological assays showed that 12% (13/107)
of dogs were positive in the DPP test and 37% (39/107)
were positive in the ELISA, but only 7 animals were
positive in the DPP test, confirming the result by ELISA,
presenting no correlation between the serological tests (p
> 0.05). However, the positivity in ELISA showed a direct
correlation (concordance = 0.5981; kappa = 0.2219) with
PCR-BC (p = 0.0065), pointing to replicability between
tests even if weak. In relation to LST, only one dog (1%)
showed a diameter greater than or equal to 5 mm.

Table 3 - Immunological diagnosis of the household with dogs
that live with NUCL patients on El Tigre island, Amapala city,
Honduras, 2019 (n = 107).

Immunological Diagnosis

DPP ELISA LST
Positive 13 (12%) 39 (37%) 1 (1%)
Negative 94 (88%) 68 (63%) 106 (9%)

DPP = Dual Path Platform; ELISA = Enzyme-Linked
Immunosorbent Assay; LST = Leishmanin Skin Test.

DISCUSSION

Dogs have been considered an important domestic
reservoir for Leishmania (L.) infantum chagasi in urban
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areas of transmission of human visceral leishmaniasis in
the American continent, where the disease is zoonotic,
since human cases have always been preceded by
canine cases'. The vast majority of animals infected by
Leishmania (L.) infantum chagasi remain asymptomatic
for a long period of time, depending on their genetic and
immunological background as well as their nutritional
status, while some of those infected may progress to
disease and present clinical signs suggestive of canine
leishmaniasis, such as weight loss, apathy, skin lesions,
alopecia, onychogryphosis, lymphadenomegaly, as well
as laboratory alterations that indicate kidney and liver
damage and hypergammaglobulinemia, a clinical picture
that progresses to cachexia and death of the animal®2. In a
cross-sectional study carried out in an endemic area of high
transmissibility in the Sao Paulo State, Brazil, a prevalence
of 54.5% of canine infection by Leishmania (L.) infantum
chagasi was observed based on direct parasitological
diagnosis, with 67.5% presenting at least three clinical signs
suggestive of canine leishmaniasis, characterizing a large
number of animals as symptomatic?®. However, another
cross-sectional study in the Brazilian Amazon using an
indirect fluorescent antibody test (IFAT-1gG), delayed-type
hypersensitivity (DTH) and parasite research in popliteal
lymph node aspiration determined the prevalence of
canine Leishmania (L.) infantum chagasi infection in a
cohort of 320 mongrel dogs living in an endemic area of
visceral leishmaniasis transmission, and showed an overall
prevalence of 43%. A higher prevalence of infection was
observed in asymptomatic dogs, which was characterized
by a majority of IFAT-IgG* showing the susceptible
immunogenetic profile of canine infection.

In an endemic area of Leishmania (L.) infantum chagasi
transmission in Southern Honduras, where nonulcerated
cutaneous leishmaniasis is much more prevalent than
visceral leishmaniasis, the presence of symptomatic dogs
is not very evident. In this region, dogs, in general, do not
show clinical signs suggestive of canine leishmaniasis,
although previous seroepidemiological studies have shown
aprevalence of 16%, suggesting the involvement of the dog
in the transmission cycle of the parasite*. In this study, the
clinical signs of canine leishmaniasis observed were very
discreet, characterized by slight weight loss in 64% of
the animals, which may not be very relevant considering
the socioeconomic situation of the owners residing in the
study area. In addition to slight weight loss, only 7% of the
animals had areas of alopecia, 5% had onychogryphosis
and 1% showed skin lesions; however, the majority of the
dogs showed only one or two clinical signs, which does
not characterize them as symptomatic animals?*. Note
that 21/69 (30%) of the dogs with weight loss, 6/8 (75%)
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of the dogs with alopecia, 2/5 (40%) of the dogs with
onychogryphosis and 1/1 (100%) of the dogs with skin
lesions showed the presence of parasite DNA in the buffy
coat, suggesting that the clinical signs related to tegumentary
injury could be associated with infection by Leishmania (L.)
infantum chagasi as well as by another infectious agent or
autoimmune disease, showing that the clinical signs are not
pathognomonic of canine leishmaniasis.

Several conditions favoring the transmission of
Leishmania (L.) infantum chagasi were observed in the
study area; it was identified that 80% of the backyards of
the houses visited had organic matter in decomposition and
large amounts of common garbage; 24% of the dog tutors
reported the presence of chicken coops in the peridomicile
as well as other animals, including cats, pigs, rabbits, parrots
and ducks. Furthermore, the circulation of Leishmania (L.)
infantum chagasi in the sandfly species at El Tigre island
was investigated. Lutzomyia longipalpis and Pintomyia
evansi were the most abundant species, and parasite DNA
was detected at rates of 9.4% and 2.7%, respectively®.

Dogs are considered the main domestic reservoir for
the parasite and both symptomatic and asymptomatic
infected dogs are highly able to transmit protozoa to the
natural vector'. The skin is the tissue through which the
etiological agent is delivered at the moment of a sandfly
bite and it is considered the main source of parasites to the
vectors'2, However, little is known about the underlying
mechanisms of parasite resistance in the skin of animals
affected by VL, which is an important parasite reservoir
tissue, both in clinically healthy and sick infected dogs?®.
The main histological changes observed in macroscopically
uninjured ear skin in dogs affected by canine leishmaniasis
included the presence of a nonspecific chronic inflammatory
infiltrate in the superficial dermis, characterized by the
presence of macrophages, T lymphocytes (CD4* and
CD8") and cells expressing inducible nitric oxide synthase;
however, the inflammatory response of the skin has been
directly correlated to tissue parasitism, but not to the
clinical status®’. Notably, another report showed that the
skin parasitism of symptomatic and asymptomatic dogs
did not differ, and no correlation was found between skin
parasite load and transmissibility to sandflies. However, the
presence of Leishmania in lymph nodes was found to be
the most related finding to a positive xenodiagnosis, which
is very reasonable because parasites leave the lymph nodes
through lymphatic vessels and enter into the bloodstream,
the source for female vector feeding'®.

In the present study, the histological analysis of the
dog’s skin did not show microscopic changes and no
amastigotes were observed by immunohistochemistry;
however, Leishmania DNA was present in the buffy coat,
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although the detection of parasite DNA does not necessarily
mean the presence of viable amastigotes in the sample.
In the first phases of infection, the parasites can be lysed
by the host’s innate immune response, and the parasite
fragments, still detected by molecular tools, stimulate the
adaptive immune response with the production of memory
cells and specific antibodies. In this sense, the overall
seroprevalence of Leishmania infection in the present study
was 41% (44/107), as determined by both serological tests,
DPP and/or ELISA, and the presence of parasite DNA was
confirmed in 94% of them.

The average parasite load in the buffy coat was 6.09
parasites/puL, ranging between 0.221 and 50.2. In a
previous study by our group in an endemic area with high
transmission of Leishmania (L.) infantum chagasi, the
average parasite load in the total blood was 153 parasites/uL.
and ranged between 1.0 and 1,000, indicating that the dog
is a good reservoir for parasites'®. It is important to mention
that, similar to the present study, the blood parasitism was
equivalent between symptomatic and asymptomatic dogs,
suggesting that dogs with and without clinical signs are
able to transmit parasites to the vector, as already shown
by other authors'#?8, However, the parasite load observed
in the present study was very low, which led us to question
the real role of dogs as efficient parasite reservoirs on El
Tigre island. The hypothesis that other domestic or wild
animals have a more relevant role in the maintenance of the
parasite’s biological cycle cannot be excluded.

Molecular clock analysis demonstrated that Leishmania
(L.) infantum chagasi from Honduras is considerably more
ancestral (approximately 382,800 years) than Leishmania
(L.) infantum chagasi from Brazil (143,300 years)
and Leishmania (L.) infantum from the Old World
(13,000 years), despite high similarity (99.9%) when all
genome chromosomes were compared?®. Its ancestry may
be correlated to a very balanced parasite-host relationship,
where the parasite uses the vertebrate host to maintain its
biological cycle without causing tissue damage. It must be
happening in Southern Honduras, since both human and
canine infections show a benign character. Human infection
by Leishmania (L.) infantum chagasi is characterized
mainly by small papular and/or nodular skin lesions with
very slow evolution that are never ulcerated, showing a
proinflammatory tissue response with the presence of M1
macrophages and IFN-y producing lymphocytes that is
related to slight skin parasitism’®. On the other hand, the
dog showed very discreet clinical signs and did not show
any skin lesions or parasitism in the histopathological study,
only discrete systemic parasitism determined by molecular
diagnosis.
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CONCLUSION

Despite all the limitations of this study due to the
difficulties of access and infrastructure in the endemic area,
which did not allow a randomized study, the opportunity to
follow up with the dogs by clinical and laboratory exams,
and xenodiagnosis to verify the possibility of parasite
transmission from dogs to sandflies, the data obtained lead
us to question the role of domestic dogs as a good source
of parasites to the vector in Southern Honduras.

Based on the absence of parasites in the skin and the
low parasite load detected in the buffy coat, it seems that
dogs do not represent a good source of infection for the
vector in endemic areas of NUCL transmission in Southern
Honduras. However, more systematic studies are necessary
to rule out dogs as an important reservoir for Leishmania
(L.) infantum chagasi in the Gulf of Fonseca region, Central
America, where atypical cutaneous leishmaniasis caused by
Leishmania (L.) infantum chagasi is endemic and prevalent
in countries such as Honduras, Nicaragua and El Salvador.
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