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Abstract

Dirofilariasis is the predominant emerging zoonotic filariasis in the world. The two most frequent filarial worms that infect
dogs are Dirofilaria repens and Dirofilaria immitis. This study reports filariasis among dogs brought to the Veterinary Teach-
ing Hospital (VTH) at the University of Peradeniya and signifies the first molecular characterization of D. repens, responsible
for an emerging zoonotic filarial disease in Sri Lanka. Blood samples were collected and were morphologically analyzed using
Modified Knott’s Technique, followed by molecular analyses. The difference in filariasis prevalence among gender, breed,
and age categories was analyzed using a chi-square test. Infection intensities were analyzed using the Mann—Whitney U test
and the Kruskal Wallis test. The dogs were brought to the clinic for either vaccination and/or for a regular checkup, and most
were sick having non-specific clinical signs. Among the 87 dogs tested, 27.6% were positive for Dirofilaria. Conventional
PCR and bi-directional sequencing of genomic DNA of microscopically tested positive samples revealed that the species
in Sri Lanka was D. repens. The infection was significantly higher in males (39.1%) than in females (14.6%; X2= 0.447,
p=0.011), though it is not significant between puppies (age < 1 year) and adult dogs. More crossbred dogs were infected
compared to older and purebred dogs. There was no difference in intensity of infection based on their gender, age, or breed.
Sequences obtained from the current study were unique and were only 63% identical to those of D. repens reported from
South India. The high number of Dirofilaria infections in domestic dogs indicates a potential reservoir for emerging human
dirofilariasis cases in Sri Lanka. Thus, morphological and molecular diagnosis, along with epidemiological assessment of
these zoonoses, is critical for the formulation of effective public health programs and control mechanisms.
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Introduction

Canine filariasis is a parasitic disease caused by several
species of filarial nematodes. Globally, different filaria spe-
cies cause canine filariasis, including Acanthocheilonema
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(Dipetalonema) reconditum, Dirofilaria (Nochtiella) repens,
Acanthocheilonema (Dipetalonema) dranculoides, Cerco-
pithifilaria grassi, Brugia malayi, Brugia pahangi, and
Brugia ceylonensis (Ciocan et al. 2010). Among them,
Dirofilaria immitis is the most ubiquitous and pathogenic
canine filarial nematode responsible for heartworm disease
in dogs, characterized by clinical signs such as weight loss,
diminished exercise tolerance, lethargy, poor body condi-
tion, cough, dyspnea, syncope, abdominal distention/ascites,
congestive heart failure (Hoch and Strickland 2008; Vieira
et al. 2014), and ultimately death. Dirofilaria immitis infec-
tion in dogs is more common in Europe (Morchén et al.
2012; Khedri et al. 2014; Kriamer et al. 2014; Vieira et al.
2014) and southeastern regions of Asia (Byeon et al. 2007,
Boonyapakorn et al. 2008; Borthakur et al. 2015). Adult
heartworms typically live in the pulmonary arteries but may
invade the right ventricle, right atrium, and caudal vena cava
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in heavy infections. After mating, the female worms release
microfilariae into the host’s bloodstream, where they can be
ingested by feeding mosquitoes (Hoch and Strickland 2008).

The incidence of filarial nematodes in dogs in Sri Lanka
has received much attention, mainly due to their zoonotic
potential. Though Sri Lanka eliminated human lymphatic
filariasis (LF) as a public health problem in 2016, the coun-
try has recorded canine filarial nematodes such as Dirofi-
laria repens (more than 200 cases) including Gampaha,
Colombo districts (Western Province) (Dissanaike 1961;
Chandrasekharan et al. 1994; Rajapakshe et al. 2005; Malla-
warachchi et al. 2018, 2021), Kandy District (Central Prov-
ince) (Perera 1956), Puttalam District (North-western Prov-
ince) (Mallawarachchi et al. 2018), and Trincomalee District
(Eastern Province) (Dasanayake et al. 2022); B. malayi, from
Gampaha and Puttalam districts (Mallawarachchi et al. 2018;
2021); and B. ceylonensis in Gampha (Rajapakshe et al.
2005) based on clinical, microscopic, and PCR diagnosis.
Nonetheless, according to previous studies, there has been
no report of Dirofilaria immitis infecting dogs in Sri Lanka
though it is prevalent in neighboring countries such as India,
Malaysia, and Thailand (Dissanaike et al. 1997; Rajapakshe
et al. 2005; Gunathilaka et al. 2017; Abeysinghe et al. 2018).

The most common filarial species known to parasitize
dogs in Sri Lanka is Dirofilaria repens, with an infection
rate of 30-60% (Dissanaike 1979; Dissanaike et al. 1997).
They inhabit the subcutaneous tissues causing subcutaneous
nodules in dogs. The country has a significant population of
stray dogs, which pose a serious public health threat due to
the potential of infected stray dogs acting as a subclinical
reservoir of infection to domesticated dogs and humans. In
addition to dogs, D. repens have been recorded in domes-
ticated cats (Abdul Cader et al. 1966; Mallawarachchi
et al. 2018), a civet cat (Dissanaike 1971), and monkeys
(Dissanaike et al. 1997) acting as definitive hosts. Human
dirofilariasis caused by D. repens is an emerging zoonosis
around the world and is endemic in Sri Lanka (Abeysin-
ghe et al. 2018) and has the highest number of cases among
Asian countries (Gunathilaka et al. 2017), reporting the sec-
ond highest cases in the world (Pampiglione et al. 1995).
Since humans are accidental hosts, these helminths do not
mature inside a human host to produce microfilariae, thus
unable to continue their life cycle. Nevertheless, infection
by D. repens in humans is known to cause serious clinical
manifestations such as migratory swellings, mucosal lumps
(oral) (Tilakaratne and Pitakotuwage 2003; Jayasinghe et al.
2015; Sinhabahu et al. 2018; Silva et al. 2021), and subcu-
taneous (Senanayake et al. 2013; Gunathilaka et al. 2017,
Weerasekera et al. 2021) and subconjunctival nodules (Dis-
sanaike et al. 1997; Iddawela et al. 2015; Chandrasena et al.
2019). In addition, mosquito vectors in Sri Lanka transmit-
ting dirofilariasis (i.e., Armigeres subalbatus, Mansonia uni-
formis, Mansonia annulifera, and Aedes aegypti) are highly
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prevalent in all areas of the country, increasing the risk of
dirofilariasis to humans.

Most dog filarial studies conducted in Sri Lanka have
used clinical diagnosis and/or microscopy (Perera 1956; Dis-
sanaike 1961; Rajapakshe et al. 2005), which are less sensi-
tive and specific than molecular analyses. Although conven-
tional PCR has been employed to identify the presence of
filariasis in dogs in Sri Lanka (Mallawarachchi et al. 2018)
using pan-filarial primers (Mallawarachchi et al. 2018), it is
crucial to investigate further using bi-directional sequencing
and phylogenetic analyses to confirm the molecular iden-
tification and to determine how different the Sri Lankan
variants are compared to those found in other geographical
regions.

Since zoonotic filarial diseases have been recorded in
many parts of the country, this study was conducted to
determine the extent of the diseases in dogs. Thus, accu-
rate diagnosis underpins the accurate understanding of the
potential public health risk as well as the development and
implementation of control/prevention programs. Hence, the
current study examined and characterized filaria infection
of domesticated dogs brought to the Veterinary Teaching
Hospital (VTH), University of Peradeniya, Sri Lanka.

Methods
Sample collection

A cross-sectional study was conducted to collect blood sam-
ples from dogs brought from different parts of the country
for sudden illnesses (itchy skin, vomiting, diarrhea etc.), vac-
cination, and sterilization to the (VTH) at the University of
Peradeniya, Sri Lanka. Blood sample was collected from
dogs by an experienced veterinary surgeon from October
2020 to February 2021. Approximately 1.5 ml of blood was
collected from the ear vein located on the medial side of
the ear pinna into tubes containing EDTA. Samples were
brought into the Parasitology Laboratory at the Department
of Zoology, University of Peradeniya, within 1 h from time
of collection and were kept at 4 °C until process. Informa-
tion such as dog breed, gender, age, clinical signs, time of
blood collection, and demographic location was obtained
from both the registered directory at VTH and/or the medi-
cal records of dogs that were sampled was recorded on a
data collection tag.

Morphological analysis
Modified Knott’s technique

Blood samples of domestic dogs were examined using the
modified Knott’s technique (Gadahi et al. 2008; Traversa
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et al. 2010). In Knott’s method, 1 ml of blood was mixed
with 9 ml of 2% formaldehyde and then was thoroughly
shaken for few minutes for red blood cells to hemolyze.
Subsequently, samples were centrifugated at 3000 rpm for
5 min. Then, the supernatant was discarded; thick smears
were made using a plastic pipette and left to dry for a day.
Finally, the slides were fixed in methanol and stained in
Giemsa. Air-dried slides were examined for microfilariae
under a light microscope (ZEISS Primo Star™). All micro-
filariae present in the sediment were individually counted
and identified based on key morphometric (i.e., length and
width) and morphological (i.e., head and tail) character-
istics (Liotta et al. 2013; Ciocan et al. 2010). The length
and width of microfilariae were measured using an inverted
microscope (ZEISS Primo Star™, Germany) with Zen lite
2012 software.

Molecular analysis
DNA extraction and polymerase chain reaction

Seven blood samples that had the highest intensity of micro-
filariae were selected and subjected to molecular analyses
to obtain a higher DNA yield. Genomic DNA was extracted
from the selected samples using the Blood and Tissue DNA
extraction kit (Promega, USA) following the manufacturer’s
instructions. A region of the 5.85-1T52-28S gene (484 bp)
was amplified by conventional PCR from genomic DNA
using the primers (DIDR-F1 5'-AGT GCG AAT TGC AGA
CGC ATT GAG-3' and DIDR-R1 5'-AGC GGG TAA TCA
CGA CTG AGT TGA-3') as described previously (Rishniw
et al. 2006). Each PCR reaction was carried out in a 30-pl
volume containing 15 pl of Go Taq® Green Master Mix
(Promega, USA), 8 pl of Nuclease Free Water, and 1 pl of
each primer pair (10 pM) based on the following cycling
conditions: the initial denaturing step at 94 °C for 2 min,
followed by 35 cycles including denaturation at 94 °C for
30 s, annealing at 60 °C for 30 s, extension at 72 °C for 30 s,
and the final extension at 72 °C for 7 min and a soak at 4 °C
(Rishniw et al. 2006). Negative (no-DNA) controls were
included in each PCR run. Following PCR, aliquots (5 ul)
of individual amplicons were examined on 1.5% w/v agarose
gels, stained with ethidium bromide, and then photographed.

Sequencing and phylogenetic analysis

All PCR products (n=7) were purified and subjected to
bi-directional automated sequencing at the Department of
Molecular and Biotechnology, Faculty of Science, Univer-
sity of Peradeniya.

Each 5.8S-1TS2-28S sequence determined was compared
with reference sequences available for Dirofilaria spp. in
NCBI database (05 April 2022), and sequence identities (in

%) were calculated by pairwise comparison. Subsequently,
all 5.85-1TS2-28S sequences were aligned with reference
sequences of D. repens and of D. immitis (as outgroup)
(Rishniw et al. 2006; Ravindran et al. 2014; Borthakur et al.
2015; Sabtnas et al. 2019; Satjawongvanit et al. 2019; Bru-
net et al. 2020; Cimpan et al. 2022) over a consensus length
of 261 bp. The phylogenetic analysis of sequence data was
conducted using the Neighbor-Joining (NJ) method (Sai-
tou and Nei 1987) using MEGA11 software (Tamura et al.
2021). The distance was estimated employing the general
time-reversible model of evolution, and nodes were tested
for robustness with 10,000 bootstrap replicates (Felsenstein
1985). The tree obtained was appraised for the nodal sup-
port values.

The nucleotide sequences originating from the ITS
region were used to establish the phylogenetic relationship,
with Dirofilaria repens sequences from several geographi-
cal regions as Kadakkarapally: India, Kuthiathode: India
(Ravindran et al. 2014), Assam: India (Borthakur et al.
2015), Lithuania (Sabtinas et al. 2019), Romania (Cimpan
et al. 2022), France (Brunet et al. 2020), and USA (Rishniw
et al. 2006) (GenBank accession: JQ039743.1, JQ039744.1,
JX524743.1, MH469230.1, MZ677061.1, MK942385.1 and
AY693808.1 respectively) and D. immitis (MK250784.1) as
outgroup (Satjawongvanit et al. 2019).

Statistical analyses

Infection between gender (i.e., male and female), age groups
(i.e., (<1 year (year), 1-3 year, 3-5 year, and > 5 year)
(Bamorovat et al. 2017), and breed groups (pure breed and
cross breed) were compared using a chi-square test (chi-
square test, p <0.05). The microfilariae concentration was
compared between gender (male vs female) and breed
groups (pure-breed vs crossbreed) using Mann Whitney
U test, whereas the infection intensities among age groups
(i.e.,<1 year, 1-2 year, 3-5 year, > 5 year) were compared
using the Kruskal-Wallis test (as the data were not nor-
mally distributed). Statistical analyses were conducted using
Minitab 19.

Results

Eighty-seven domesticated dogs were tested, out of which
24 (27.6%) were positive for microfilariae of Dirofilaria by
microscopy. The microfilariae were identified and differenti-
ated by the absence of the sheath, obtuse cephalic end, sharp
and filiform tail, often ending in an umbrella-handle shape
(Genchi et al. 2007). However, the larvae were not differ-
entiated into genera or species based on morphology and
morphometry (Fig. 1). Of the 87 dogs examined, 46 (52.9%)
and 41 (47.1%) were males and females, respectively. There
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Fig. 1 Microfilariae in a stained blood smear of a sampled dog from
the VTH (100 10)

was a significant difference between dirofilariasis infection
in males (39.1%) and females (14.6%; Xz =0.447, p=0.011).
However, there was no difference in prevalence of infection
in age categories and between crossbreed and pure breed
(39.4%; X2:3.71 1, p=0.054) (Table 1). The dogs did not
show filariasis-specific clinical signs but were having non-
specific signs or no signs at all. They were brought to the
clinic for either vaccination and/or for a regular check-up,
and most were sick having non-specific clinical signs.

Intensity of infection

There was no significant difference in intensity of infection
in microfilariae in males (451 £ 570 mf/ml) and females
(190 + 376 mf/ml; Mann Whitney U test, p=0.3173), age,
and breed. There was a high microfilaria intensity in age cat-
egory < 1 year (563 +648 mf/ml) followed by age category
3-5 years (454 +527 mf/ml), > 5 year (328 + 581 mf/ml),
and 1-3 years (61.3 +82.9 mf/ml) (Table 2).

Distribution of positive cases
Of 24 Dirofilaria samples, 19 were from the Central Prov-

ince, three from the North Western Province, and each one
from the Sabaragamuwa Province and Western Province.
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Table 1 The prevalence of microfilariae by gender, age and breed in
domesticated dogs brought to the VTH

Prevalence of infection XZ, »)
%(n)

Gender
Male 39.1 (18/41) 6.512 (0.011)
Female 14.6 (6/46)

Age (year)
<1 17.9 (5/28) 0.154 (0.695)
1-3 23.1 (3/13)
<1 17.9 (5/28) 3.820 (0.051)
3-5 44.4 (8/18)
<1 17.9 (5/28) 0.902 (0.342)
>5 28.6 (8/28)
1-3 23.1 (3/13) 1.086 (0.297)
3-5 44.4 (8/18)
1-3 23.1 (3/13) 0.137 (0.712)
>5 28.6 (8/28)
3-5 44.4 (8/18) 1.217 (0.272)
>5 28.6 (8/28)

Breed
Pure breed 11/54 (20.4) 3.711(0.054)
Crossbreed 13/33 (39.4)

Overall 24/87 (27.6)

4 Chi-square test, p <0.05
Significant p values (< 0.05) are highlighted in bold

PCR, sequencing, and phylogenetic analyses

Amplicons (5.8S-ITS2-28S) of the expected size (484 bp)
were produced from all 7 samples that were subjected to
molecular analyses confirming the single infection by D.
repens. No mixed infections were observed. Selective bi-
directional sequencing of 7 amplicons defined 5.8S-1TS2-
28S sequences (416-420 bp; GenBank accession nos.
ON332065 to ON332071) (Figs. 2 and 3).

Table 2 Microfilariae concentration (mf/ml) by gender, age and breed
of domesticated dogs brought to the VTH

Mean mf/ml (+SD) U H )
Gender
Male 451+570 U=59.5 0.317)
Female 190+376
Age (year)
<1 563 +648 H=0.93 (0.818)
1-3 61.3+82.9
3-5 454 +527
>5 328 +581
Breed
Pure breed 313+445 U=167.5 (0.794)
Crossbreed 448 +609

U Mann—Whitney, H Kruskal-Wallis test
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Fig.2 Gel electrophoresis

of pan-filarial PCR products

in a 1.5% agarose gel using
5.88-1TS2-28S region primers.
M represents DNA marker.
Lanes 1-7 represent PCR
amplicons of Dirofilaria repens
and L8 represents negative
control

Pairwise comparisons (over an alignment length of 422
positions) (Fig. 4) of the seven distinct sequence types
defined in the current study revealed sequence variation of
0.7 to 2.9% (Table 3). Upon pairwise comparison, variation
of 97.1% was detected between the sequence 5 (GenBank
accession no. ON332069) and sequence 6 (accession nos.
ON332070) from Udaperadeniya and Thundeniya, respec-
tively. Highest similarity of 99.3% was detected between
the sequence 3 (GenBank accession no. ON332067) and
sequence 6 (GenBank accession no. ON332070) from
unknown location and Thundeniya, respectively (Table 3).

Fig.3 Phylogenetic tree con-
structed for Dirofilaria repens
from the 5.8S-1T52-28S region
using ClustalW of MEGA 11

To unambiguously assign the seven distinct sequence types
defined herein (accession nos. ON332065 to ON332071), a
phylogenetic analysis was undertaken using these and 8 ref-
erence sequences, including those of D. immitis as the out-
group (see Fig. 3). All 15 sequences were aligned over 261 bp
positions and subjected to analyses using the NJ method.
The sequences with accession nos. ON332065, ON332066,
ON332067, ON332068, ON332069, ON332070, and
ON332071 clustered, with strong statistical support, with
those representing D. repens sequences derived from other
geographical regions (Fig. 3).

’ ON332066 Kengalla:Kandy
0 ON332065 Herassagala:Kandy
4@ ONB332067 Location unknown
3 ’ ON332068 Ekiriyagala: Kegalle
‘ ON332069 Udaperadeniya:Kandy
63| | €0 ONB332070 Thundeniya:Kandy
’ ON332071 Gelioya:Kandy
60]| JQ039743.1 Kadakkarapally:India
61 JQ039744.1 Kuthiathode:India
JX524743.1 Assam:India
MH469230.1 Lithuania
MZ677061.1 Romania

65

I MK942385.1 France
AY693808.1 USA

@ VK250784.1 D. immitis: Thailand
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Fig.4 Alignment of the seven 5.8S-ITS2-28S region sequences representing Dirofilaria sp. A dot indicates an identical nucleotide with respect
to the sequence of the ON332065 Herassagala:Kandy

Table 3 Pairwise similarities
(%) among the seven 5.8S-1TS2-
28S sequences of the D. repens
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GenBank accession number 1 2 3 4 5 6 7
1: ON332065 Herassagala:Kandy -

2: ON332066 Kengalla:Kandy 0.976 -

3: ON332067 Location unknown 0.988 0.983 -

4: ON332068 Ekiriyagala:Kegalle 0.986 0.979 0.993 -

5: ON332069 Udaperadeniya:Kandy 0.974 0.974 0.979 0.988 -

6: ON332070 Thundeniya:Kandy 0.981 0.976 0.993 0.986 0.971 -

7: ON332071 Gelioya:Kandy 0.983 0.979 0.986 0.988 0.979 0.979 -
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Discussion

Accurate diagnosis of filarial species in dogs is of para-
mount importance to identify the zoonotic potential of
these helminths to the communities even after the human
lymphatic filariasis is eliminated from Sri Lanka. This
study used traditional and molecular approaches to iden-
tify filarial nematodes in domesticated dogs in and around
the Kandy District of Sri Lanka. The dogs were brought to
the VTH clinic for either vaccination and/or for a regular
check-up, and most were sick having non-specific clini-
cal signs. The clinical manifestations of filariasis in dogs
depend on the size of the dog and the number of worms
present in this infection. A high number of worms are
needed for symptoms to be visible. If a dog suffers from a
low infection count, symptoms may not appear. All posi-
tive cases were Dirofilaria species. As D. immitis has not
been recorded in Sri Lanka so far, our species could be D.
repens. According to the observed overall prevalence, it
does not fall within the 30-60% range (Dissanaike et al.
1997). This could be because the dogs sampled are domes-
ticated and so less susceptible to infection than stray dogs.
However, the prevalence in this study is consistent with the
range reported (7-24%) in Kerala, India (Sabu et al. 2005).

For morphological analysis, modified Knotts’ tech-
nique (MKT) has been utilized as it is the best method to
identify microfilaria in blood. It is very easy, quick, and
cheap, and it preserves microfilaria morphology and size
while increasing the sensitivity (Gadahi et al. 2008), where
Courtney and Zeng (2001) were able to discover high per-
centage of positive samples for D. immitis (80.9%) by the
Knott’s technique. Though some filarial parasites such as
B. malayi (Mallawarachchi et al. 2018) and B. ceylonensis
(Rajapakshe et al. 2005) have been found in dogs in Sri
Lanka, only D. repens was found in this work.

When considering gender, male dogs had a higher preva-
lence than female dogs, which is consistent with previous
findings (Alsarraf et al. 2021). It might be because many
owners prefer male dogs as guardians, and they spend most
of their time outside the house. Though it is not significant,
dogs in the older age categories show a higher prevalence
than those in the younger age groups. Likewise, crossbreed
shows a higher prevalence compared to purebred. But a
higher sample size would give a clear picture as both are
close to significant (y*=3.820, p=0.051) and (x*=3.711,
p=0.054). In this study, the highest prevalence was found
in 3-5-year-old canines (44.4%), with the lowest preva-
lence seen in animals under 1 year old (17.9%).

The phylogenetic tree grouped all seven sequences
described in this work into a monophyletic clade, close to
the D. repens sequence (JQ039743.1 and JQ JQ039744.1),
with 63% of bootstrap. The sequences obtained in the

present work show greater similarity between each other
than with JQ039743.1 and JQ JQ039744.1, noting the
importance of conducting future studies on the evolution-
ary phylogeny of dog filarids, and studies on the distri-
bution of infection in domestic and wild dogs in Kandy
districts and all other districts in Sri Lanka.

Most of the positive samples were from domesticated
dogs in the Central Province. According to the available
literature, a significant number of human cases have been
reported from the Kandy district (Ratnatunga and Wijesun-
dera 1999; Tilakaratne and Pitakotuwage 2003; Iddawela
et al. 2015; Jayasinghe et al. 2015), yet there is only one
publication (Perera 1956) on filariasis in dogs from Kandy
district, indicating a significant lack of studies. As per the
Annual Health Bulletin 2015, Sri Lanka, 2017, it was found
that the estimated human to total dog population ratio was
6.7:1, and the human to domestic dog population ratio was
9.6:1.

Conclusion

The findings imply that effective microfilaria infection con-
trol in companion animals, particularly dogs, is critical for
reducing microfilaria infections and to avoid acting as res-
ervoirs for emerging zoonotic dirofilariasis. Future studies
on dogs, humans, and mosquito species will be needed, and
it is critical to collaborate with clinicians and veterinarians
in order to limit the number of instances.
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