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Abstract

Parasites from the Filariidae family are among the nematodes that can infest dogs. Some may be
apathogenic, such as Acanthocheilonema reconditum, and others such as Dirofilaria immitis are
potentially zoonotic and may lead dogs to death. Thus, the aim of this study was to perform a survey
on filarid infection in dogs with a fixed domicile and wandering dogs temporarily sheltered in the
city of Joinville, SC, Brazil. Blood samples from 429 animals were collected from 2015 to 2017 and
submitted to screening for microfilariae and/or D. immitis antigens. Our results revealed that twenty-
four samples (5.6%) displayed A. reconditum microfilariae and three samples (0.7%) were positive
for D. immitis, totaling 27 (6.3%) positive animals for filarid parasites. Additionally, A. reconditum
was more prevalent in dogs from shelters, whereas the three D. immitis positive samples were from
household dogs that displayed no clinical signs of the presence of parasites. The occurrence of these
parasites in dogs from Joinville indicates the importance of differential diagnosis of microfilaria
species for the correct clinical management of infected dogs. Our epidemiological information may
help the medical and veterinary community of the region regarding clinical suspicion of canine and
human heartworm disease, as well as guide preventive actions targeting public and animal health.
Keywords: Acanthocheilonema reconditum, Dirofilaria immitis, microfilariae, zoonosis.

Resumo

Dentre os diversos nematddeos filarideos que parasitam cdes, alguns podem ser apatogénicos como
Acanthocheilonema reconditum e outros como Dirofilaria immitis podem levar esses animais a Obito,
além de terem potencial zoondtico. Nesse sentido, o objetivo deste trabalho foi realizar um
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levantamento da ocorréncia de filarideos em cées residentes em domicilio fixo e cdes errantes que
estavam temporariamente em um abrigo animal de Joinville-SC. Entre 2015 e 2017, amostras de
sangue de 429 animais foram submetidas a busca de microfilarias ou antigenos de D. immitis,
utilizando-se Método de Knott modificado e kit comercial de diagndéstico clinico. Vinte e quatro
amostras (5,6%) apresentaram microfilarias de A. reconditum e trés (0,7%) foram positivas para D.
immitis, totalizando 27 (6,3%) cées positivos para a presenca de filarideos parasitos. A. reconditum
teve maior ocorréncia em cées provenientes de abrigos, ja os trés caes positivos para D. immitis eram
domiciliados e ndo apresentavam suspeita clinica de dirofilariose. A presenca desses parasitos em
cées da regido denota a importancia do diagndstico diferencial das espécies de microfilarias para o
encaminhamento clinico adequado dos cdes parasitados. As informacGes epidemioldgicas obtidas
podem orientar a comunidade médica e veterindria em relacdo a atengdo para as suspeitas clinicas de
dirofilariose canina e humana, assim como na orientacdo das medidas de prevencdo visando a saude
publica e animal.

Palavras-chave: Acanthocheilonema reconditum, Dirofilaria immitis, microfilarias, zoonose.
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Introduction

Filarids (Filarioidea superfamily) are nematode parasites that are located in different organs of the
definitive host and present a biological cycle characterized by the release of microfilariae in the
circulation, which are ingested and transmitted by a hematophagous intermediate host.

In Brazil, several genera of filarids have been reported in domestic and wild mammals. Moraes et
al.® found Acanthocheilonema reconditum, Brugia sp., Dirofilaria immitis, Dirofilaria (Nochtiella)
repens, and Mansonella sp. in coatis (Nasua nasua) in a preservation area of the Atlantic forest in
Foz do lguacu, Parana.

In the canine species, there has always been great interest in the identification of filarid parasites due
to clinical relevance or possible zoonotic potential. Several filariae of domestic dogs have been
reported around the world, such as Brugia pahangi®®, Dirofilaria (Nochtiella) repens®,
Dipetalonema dracunculoides®, Brugia malayi®, and Cercopithifilaria bainae®. The latter was
recently reported in dogs in the Northeast region of Brazil(".

As in other regions of the world, Dirofilaria immitis and Acanthocheilonema reconditum are the most
prevalent filarids in Brazil™9. Filariae of Acanthocheilonema sp. are transmitted biologically by
fleas (Ctenocephalides canis, Ctenocephalides felis, Pulex irritans, P. simulans, and Echidnophaga
gallinae) or hematophagous lice (Heterodoxus spiniger and Linognathus setosus) during blood-
sucking®®. They are considered poorly pathogenic probably because they preferentially parasitize
the subcutaneous tissue*?. On the other hand, D. immitis is transmitted by several mosquitoes, such
as Aedes vexans (Meigen), Anopheles quadrimaculatus (Say), Anopheles punctipennis (Say), Culex
pipiens quinguefasciatus (Say), Culex erraticus (Dyer and Knab), Culiseta inornata (Williston),
Psorophora columbiae (Dyer and Knab), Psorophora ferox (Humboldt), and Psorophora howardii
(Coquillett)*®. D. immitis parasitize preferentially domestic and wild canids. At the adult stage, it is
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installed in the pulmonary artery and right ventricle and may cause signs of apathy, exercise
intolerance, circulatory disorders such as vena cava syndrome or death.

Brazil presents a wide variation in the prevalence of heartworm disease among its different regions?,
According to Labarthe and Guerrero®¥, coastal regions have a higher occurrence of heartworm
disease due to the reproductive cycles of vector mosquitoes. The city of Joinville, located in northern
Santa Catarina, bordered by the Babitonga Bay, and counting with 36 km? of mangrove area, has
climatic characteristics propitious for the spread of vectors®. It presents mean monthly precipitation
of 183.6 mm® and annual means of temperature and humidity of 22.4 °C and 80.76%,
respectively®?.

Although Bublitz et al.*® have reported eight cases of human heartworm disease in Joinville, there
are no studies that indicate the prevalence of dogs parasitized by filariae in the city. Thus, this study
aimed to perform a survey on the occurrence of filarid parasites of household dogs and dogs from
animal shelters in the city of Joinville, SC, Brazil.

Material and methods

This study was carried out in the city of Joinville, located in the northern coast of the state of Santa
Catarina (26°18'14" S and 48°50'45" W), in the South of Brazil. It has a total extension of 1,124.10
km?, with 913.7 km? of a rural area and 210.4 km? of an urban area®, bordering the Serra do Mar
and Babitonga Bay (Figure 1). The altitude ranges from zero to 1,325 meters and, according to the
classification of Képpen and Geiger®, the regional climate is Cfa, described as humid to super
humid, dependent on the Atlantic Polar mass (winter and autumn) and Atlantic Tropical mass
(summer and spring) for the season and temperature changes. There is no dry season, and
temperatures range from 31 °C (maximum means) in January to 13 °C (minimum means) in July,
with mean annual relative air humidity of 76.04%.

Figure 1. Location map of the municipality of Joinville, SC, Brazil.
SOURCE: IPPUI: Joinville Cidade em Dados, 2016.C%
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The studies were conducted in three phases from 2015 to 2017, totaling 429 dogs over six months of
age, household (considering animals residing in fixed domiciles with responsible guardians) or
coming from rescues and temporarily sheltered animal centers of Joinville. None of the dogs
participating in the study had a clinical suspicion of heartworm disease.

The first phase of this study was carried out from May to September 2015 using 196 blood samples
from household dogs. Samples were collected from dogs treated at veterinary clinics in the city, which
had laboratory tests required by clinical veterinarians for various reasons and referred to the clinical
laboratory service provider. All the excess material after the tests requested by the clinician were sent
to the research laboratory and used in our study.

The second phase comprised the period from October 2015 to October 2016, with 95 blood samples
from dogs sheltered by the Animal Shelter of the city of Joinville, identified by sex and animal stall
number.

The third phase, carried out between May and December 2017, involved 138 blood samples from
dogs domiciled in the city of Joinville, taken by their guardians to veterinary consultations for several
reasons. Data on sex and the possible presence of clinical signs indicative of heartworm diseases,
such as anorexia, weight loss, apathy, cough, and exercise intolerance, were collected. The study
included dogs who have not received heartworm disease preventive drugs within 30 days or
microencapsulated moxidectin (ProHeart® SR-12) within one year before sampling collection. The
research project was approved by the Ethics Committee of the Federal Institute of Santa Catarina,
Araquari Campus, under the number 0177/2016.

The samples were stored under refrigeration in tubes with EDTA and sent to the Laboratory of
Veterinary Teaching and Diagnosis — Parasitology of the Federal Institute of Santa Catarina, Araquari
Campus, for processing. The whole blood was subjected to the modified Knott technique®®, and the
plasma obtained by centrifugation was frozen at —18 °C. The twenty-four microfilaremic samples
found throughout the experiment had larvae measured under an Olympus microscope using the
Software Cellsens Standard® program. All samples of the second and third phases, as well as those
that presented microfilariae in the first experiment, were submitted to the SNAP 4Dx® Plus clinical
diagnostic kit, IDEXX. Additionally, samples from the first and second phases were also evaluated
in the thick-drop method@?.

The frequencies of D. immitis and A. reconditum infection according to sex and origin of dogs
(household and sheltered) were compared using the chi-square test, rejecting the null hypothesis at
5% significance level. The program PAST v. 3.16® was used. The continuity-correction chi-square
test (McNemar’s test) was used to compare the sensitivity of microfilariae detection methods.

Results and discussion

Considering the canine population used in this study (n=429), 6.3% presented parasitism by filarid,
5.6% positive for A. reconditum and 0.7% for D. immitis. In prevalence studies in coastal cities
located from 74 km north of Joinville, Leite et al.®¥ found in the city of Guaratuba, PR, and Reifur
et al.®® on the coast of Parana 0.94% and 5.47% of dogs positive for D. immitis, respectively, and
22.6% positive for A. reconditum. Similarly, in coastal cities located 80 km south of Joinville, Lira et
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al.® verified 4.8% of dogs parasitized by A. reconditum and none by D. immitis in Itajai, SC, whereas
Aratjo et al.®® found 15% of dogs positive for D. immitis and none for A. reconditum in
Floriandpolis, SC. Variations of occurrences of filarids in different geographical areas are correlated
to the availability of definitive hosts, the possibility of being parasitized by intermediate hosts, and
environmental conditions that lead to the multiplication of populations of these hematophagous
arthropods. Joinville has environmental conditions that promote the maintenance of multiplication of
transmitting mosquitoes. According to Silva and Langoni®®”, the frequency of bloodsucking in the
canine population is constant in areas where conditions are favorable to the presence of infected
mosquitoes throughout the year and may increase the agent transmission rate. In addition, the
municipality has the Dona Francisca Environmental Preservation Area, where 112 species of wild
mammals, including procyonids and canids as potential hosts of D. immitis, were registered@®),
Regarding the transmission of D. reconditum, carried out by fleas, parasite dispersion may be
influenced by specific conditions of the microenvironment where the dog remains. In our study,
sheltered dogs had a higher prevalence of A. reconditum (p=1.99x1078; %2=31.50) in relation to
household dogs (Table 1).

Table 1. Dogs parasitized by filarids* in Joinville, SC, as a function of origin and sex
Household Sheltered
Male Female Total Male Female Total
(n=110) (n=207) (n=317) (n=66) (n=46) (n=112)

A. reconditum 54.5%) 1(0.5%) 6(1.9%) | 13(19.7%) 5(10.9%) 18(16.1%)
D. immitis 2(1.8%) 1(0.5%) 3(0.9%) 0 0 0
*Modified Knott method and SNAP 4Dx® Plus diagnostic kit.
Significant difference for 4. reconditum in male and female household dogs (p=1.99x1078, ¥2=31.50) and
between the occurrence of A. reconditum in household and sheltered dogs (p=0.01; %2=6.38).

Filarid

Animal confinement in large groups and difficulties in controlling fleas in shelter environments may
have contributed to the transmission of A. reconditum. Regarding sex, a higher prevalence of A.
reconditum was observed in males among household dogs (p=0.01; %?=6.38), with no significant
difference between sex for sheltered dogs (p=0.21; ¥?=1.56). Brito et al.®® in Brazil and Brianti et
al.!Y in Italy also observed no significant differences in the occurrence of this parasite between males
and females. However, Hashem and Badawy®? found a higher prevalence in males. These authors
related the susceptibility of these dogs to the infection to possible hormonal effects. In our study,
sheltered dogs may not have presented a difference of prevalence according to sex because 68 animals
were castrated (70%), thus preventing the hormonal manifestation of susceptibility. Two of the dogs
with A. reconditum had clinical signs reported by veterinarians, such as joint pain, lethargy,
inappetence, anorexia, weight loss, and cough. Although Hashem and Badawy®® stated that
hemolytic anemia with impaired hepatic and renal function are the main results of A. reconditum
infection, it is not possible to state that the alterations found in this study have relations with the
parasite since the animals could have other diseases concomitant with parasitism.

Microfilariae were found in both used parasitological methods, but the modified Knott method
(Newton and Wright, 1956) was more sensitive (p=0.003; %2=9.09) (Table 2) when compared to the
thick-drop method, in addition to allowing the morphological evaluation of microfilariae, favoring
species differentiation. According to Dillon et al.®?, the animal must have at least 20 to 50
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microfilariae/mL of blood to be detected by the thick-drop method.

Table 2. Comparison of results obtained by different methods for diagnosis of filarid parasites

of dogs from Joinville, SC

o TD* Modified Knott SNAP 4Dx® Plus
Filarid (n=291) (n=429) (n=242)
A. reconditum 8(2.7%) 24(5.59%) 0
D. immitis not evaluated 2(0.5%) 3(1.2%)

*TD = Thick-drop method. Samples positive for D. immitis were not evaluated using the TD techmque.

The 4Dx® Plus SNAP rapid diagnostic test detects circulating D. immitis antigens and has, on average,
97.5% sensitivity and 94% specificity®?. In our study, the three dogs seropositive for D. immitis
presented detectable antigens by this diagnostic method, but no microfilariae were found in one of
these samples. Occult heartworm disease can occur due to the presence of single-sex parasites, low
infection rate®®, microfilaricidal drug-treated animals, and in dogs that have developed an efficient
immune response to microfilariae®. Antigenemia, caused by adult females, usually precedes the
appearance of microfilariae in the blood®?. Initially, the three infected dogs detected in this study
were evaluated by clinical veterinarians and had no clinical suspicion of heartworm disease, although
one had cough and the other apathy, which could be compatible with parasitism. A blood count was
requested to assist the diagnosis of the cases, and microfilariae were found at the time of blood smears.
Then, these samples were processed by the team of this experiment, when the presence of
microfilariae compatible with D. immitis and positivity in the antigenic test was confirmed. The third
dog was suspected of having ehrlichiosis and had antibodies against Ehrlichia canis or Ehrlichia
ewingii and D. immitis when the blood was submitted to SNAP 4Dx® Plus. Subsequently, this sample
was processed by our team, confirming the presence of D. immitis antigens and absence of
microfilariae in the circulation. The absence of clinical signs can often be observed in parasitized
dogs. Larsson et al.®* found that 42.86% of dogs infected with D. immitis did not present changes in
the clinical evaluation. Similarly, Meriem-Hind and Mohamed®® found that 75.56% of the dogs were
asymptomatic carriers. The absence of signs is related to the number of parasites present, the
individual immune response, and the level of exercises to which the dog is submitted®.

Regarding the morphology of microfilariae, positive samples for A. reconditum had larvae of typical
appearance”), with rounded anterior and presence of “tooth,” and some of them with a hooked tail
(Figure 2; Table 3). On the other hand, microfilariae of D. immitis were larger, with conical anterior
portion and straight tails (Figure 3; Table 3).

All positive samples for microfilariae of A. reconditum were negative for the presence of D. immitis
antigens. The mean length of microfilariae of A. reconditum (269.54 um) (Table 3) was similar to
that found in dogs from the Northeast of Brazil (272.3 + 4.3 pm) and Italy (273.1 + 9.4 pm)®Y,

However, when considering the minimum and maximum measurements, we observed 19.8% of
microfilariae of A. reconditum out of the limit dimensions of 250-288 um in length, as limits
suggested by Zajac and Conboy®”. Microfilariae of D. immitis presented a mean of 321.55 pum in
length, which is similar to those found by Reifur et al.® (323.49 + 12.73 um), who studied dogs from
the coast adjacent to those of our experiment. However, Ramos et al.("’ found smaller measurements
in the state of Pernambuco (301.2 + 7.6 um). Among the 65 microfilariae of D. immitis measured
from the two microfilaremic dogs, 19 (29.23%) presented length above the limit suggested by Zajac
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and Conboy®”. Reifur et al.® found specimens of microfilariae with distinct morphology, not
identified by the authors. These data indicate that there are metric and morphological variations
among microfilariae found in dogs and should be better studied.

Figure 2. Morphological details of microfilariae of Acanthocheilonema reconditum, with the
magnification of the hooked tail and presence of “tooth™ in the anterior region.

Fonte: Os autores.

Figura 3. Detalhes morfologicos de microfilarias de Dirofilaria immitis, mensuragio de
comprimento e largura e ampliag@o da regido anterior.
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Table 3. Measurements (um) of microfilariac of Acanthocheilonema reconditum and
Dirofilaria immitis in dogs from Joinville, SC

L Length Width
i Mean Minimum Maximum | Mean Minimum Maximum
A. reconditum (n=96) 269.54 23324 296.0 4.79 3.86 5.89
D. immitis (n=65) 321.55 305.61 352.47 7.21 5.61 9.45

Note: it refers to 22 and 2 positive samples for 4. reconditwn and D. immitis, respectively.

Conclusions

This study is the first report of the presence of D. immitis in Joinville, SC. The presence of A.
reconditum and D. immitis in native dogs indicates the existence of epidemiological conditions
(environment — host — etiological agent) for the transmission and maintenance of these filariae in the
region. Considering that A. reconditum is an apathogenic parasite and heartworm disease may be a
serious disease, the morphological differentiation of microfilariae in the circulation of dogs from the
region is essential. The epidemiological information obtained may help the medical and veterinary
community regarding the clinical suspicion of canine and human heartworm disease, as well as guide
preventive actions targeting public and animal health in the inhabitants of the region.
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