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Molecular and antigen detection of Dirofilaria immitis infection

in client-owned cats in Bangkok, Thailand

Sukullaya Ritthikulprasert!* Pipat Jirapiti? Siwaporn Pengpis?

Abstract

Feline heartworm disease, caused by Dirofilaria immitis infection, can be potentially fatal to cats. Screening for the
infection in cats is important in endemic areas. Clinical utility of molecular techniques for diagnosis of feline heartworm
disease is not clearly determined. The objective of this study was to evaluate whether a polymerase chain reaction (PCR)
assay could be used for detection of D. immitis infection in cats that were concurrently tested for D. immitis antigen.
Blood samples were collected from 100 client-owned cats in a veterinary teaching hospital. Whole blood samples were
tested for D. immitis antigen and extracted for total DNA. Presence of D. immitis DNA was analyzed using a PCR assay.
Opverall, there was one cat (1.0%) positive for D. immitis antigen. None of the cats were positive for D. immitis DNA. The
results demonstrated very low prevalence of D. immitis infection in client-owned cats from a veterinary teaching
hospital in Bangkok. However, the prevalence might be underestimated because of small sample size of the cats. In this
study, the PCR assay was not shown to be superior to the antigen test for detection of D. immitis infection in cats.
Dirofilaria immitis infection could not be ruled out based on a negative PCR test result. The clinical utility of PCR assay
for diagnosis of feline heartworm disease is limited.
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Introduction

Dirofilaria immitis infection is the etiologic agent of
heartworm disease (HWD) that is recognized in
domestic and wild canids and felids, as well as ferrets
(McCall et al., 2008). Heartworm disease is much less
common in cats than dogs, and clinical manifestations
of feline HWD may differ from those of dogs (Lee and
Atkins, 2010). Heartworm associated respiratory
disease (HARD), caused by immature adult worms is
the unique manifestation in cats (Venco et al., 2015).
Clinical signs associated with HARD are respiratory or
gastrointestinal signs, such as dyspnea, tachypnea,
coughing, and intermittent vomiting unrelated to
eating (Lee and Atkins, 2010). Because of overlapping
clinical signs with feline asthma or allergic bronchitis,
feline HWD may be overlooked. Feline HWD can be
fatal even with light infection of mature adult worms
resulting in sudden death due to pulmonary
thromboembolism from fragments of dead worms
(Litster and Atwell, 2008). Aberrant migration to the
body cavities and the central nervous system was
reported from cats (Favole et al., 2013). D. immitis
infection in dogs and cats is common in tropical and
subtropical regions where there are high density
populations of canine reservoirs and mosquito vectors.
Seroprevalence in cats ranging from 2.6% to 4.6% was
reported in Asia (Liu ef al., 2005; Sukhumavasi et al.,
2012; Lu et al., 2017).

Diagnosis of D. immitis infection in cats is
challenging. False-negative results can occur due to
variations in sensitivity of tests that are used for
different stages of D. immitis, such as a direct blood
smear, a modified Knott test, and antigen and antibody
testing (Lee and Atkins, 2010, Dillon et al., 2014; Little
et al., 2014; Venco et al., 2015; Gruntmeir et al., 2017).
Polymerase chain reaction (PCR) assays were
developed for identification of filarial nematodes in
blood samples of dogs (Mar et al., 2002; Rishniw et al.,
2006; Albonico et al., 2014; Silbermayr et al., 2014;
Ferreira et al., 2017), but they are not widely used in
cats (Liu et al., 2005, Park et al., 2014). In addition,
clinical utility of a PCR assay for diagnosis of D. immitis
infection in cats is not clearly understood. The objective
of this study was to determine whether a PCR assay
was able to be used for screening D. immitis infection
in cats that were concurrently tested for D. immitis
antigen.

Materials and Methods

The study was performed at the Small Animal
Teaching Hospital, Chulalongkorn University from
October 2016 to October 2017. The protocol was
approved by the Chulalongkorn University
Laboratory Animal Care and Use Committee (Protocol
No. 1631054) with a written consent signed by the cat’s
owner. One hundred client-owned cats were included
in the study. Demographic data and medical records
were obtained from each cat.

Whole blood was collected from cats, and placed in
EDTA tubes, and stored at -20°C. Fresh blood samples
were tested for circulating antigen by a commercially
available test (SNAP Feline Triple Test, IDEXX
Laboratories Inc, Westbrook, ME). All stored blood
samples were extracted for total DNA using a

commercially available kit (NucleoSpin Tissue Kit,
Macherey-Nagel, Germany), following  the
manufacturer’s protocol. The PCR protocol was
followed that of the previous study (Rishniw et al.,
2006). All PCRs were performed in Agilent SureCycler
8800 thermocycler (Agilent, UK) with the same
conditions previously described (Rishniw et al., 2006).
DNA from a known D. immitis positive dog was used
as a positive control and water as a negative control.
PCR products were identified in a 1.5% agarose gel by
electrophoresis and visualized under ultraviolet light.
Positive samples were identified as an expected band
of approximately 542 bp on the gel.

Prevalence of D. immitis antigen and DNA was de-
fined as the proportions of cats with positive results for
the antigen test and the PCR assay, respectively.
Pearson’s x2 and Fisher’s exact test were used to
evaluate the difference between the prevalence of D.
immitis infection detected by the antigen and the PCR
assay. All statistical analyses were performed with
standard software. Statistical significance was
considered at P-value < 0.05.

Results and Discussion

Of 100 cats, there were 18 intact and 33 castrated
males, and 16 intact and 33 spayed females. The
median age of the cats was 5 years (range; 1 to 17
years). Breeds of cats included Domestic Shorthair
(n=87), Persian (n=8), American Shorthair (n=2),
Siamese (n=1), Maine Coon (n=1), and Scottish Fold
(n=1). Most cats (60.0%) were allowed an outdoor
access, and the others (40.0%) were strictly indoor.
Seventy-eight percent of the cats lived in multi-cat
households and the others (22.0%) were raised in
single-cat ~ households. Monthly ~ heartworm
preventives using topical products were administered
in 27.0% of the cats. Overall, cats were presented at the
veterinary hospital due to clinical illness (84.0%),
purposes of wellness examination (9.0%), vaccination
(6.0%), and neutering (1.0%). Of 84 cats with clinical
illness, diseases were identified in 49 cats that included
respiratory disease (17.0%), nephro-urinary disease
(10.0%), abscess or bite wound (7.0%), oral disease
(6.0%), orthopedic disease (6.0%), reproductive disease
(2.0%), and hepatobiliary disease (1.0%). Of the 100
cats, 14.0% and 22.0% were positive for feline leukemia
virus (FeLV) antigen and feline immunodeficiency
virus (FIV) antibodies, respectively. The overall
antigen-positive rate of D. immitis was 1.0% (1/100),
but none of the cats were positive for PCR assay (Fig.
1).

In this study, prevalence of D. immitis infection
detected by the antigen test (1.0%) and the PCR assay
(0%) was very low in client-owned cats from a
veterinary teaching hospital in Bangkok. The rate of
prevalence in our study was much lower than that
were found in some areas of Thailand (Sukhumavasi et
al., 2012), South Korea (Liu et al., 2005) and Taiwan (Lu
et al., 2017). Lower prevalence of this study could
reflect the cat population sampled and geographical
variations. The cat population in this study might be at
low risk of exposure to D. immitis. Our study primarily
included only client-owned cats and 40% of them were
strictly indoor. These risk factors may have contributed
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to the low prevalence of D. immitis infection. In
addition, the different rate of prevalence might be
influenced by the small sample size of the cats, and
differences in techniques of DNA extraction and PCR
assay.

There was only one cat positive by antigen test.
Antigen test kits are provided globally and frequently
used because of excellent specificity and moderate to
good sensitivity (Snyder ef al., 2000; Genchi et al., 2018).
Because false-positive antigen test results are
uncommon, a positive result generally indicates a
current infection (Snyder et al. 2000). However, test kits
for dogs have potential cross-reactions with
Angiostrongylus vasorum and Spirocerca lupi (Schnyder
and Deplazes, 2012; Aroch et al., 2015). The current

status of the lung worm and the esophageal worm in
cats in Thailand is unknown, so that cross-reactivity
between D. immitis and other feline nematodes in
commercially available antigen test kits is not clearly
explained. False-negative antigen test results occur
more frequently due to light infections or only
infection of only male worms (Snyder et al., 2000).
Other circumstances, including early infection with
immature female worms, aberrant infection, and
formation of antigen-antibody complexes also result in
antigen-negative test results (Little et al., 2014; Venco et
al., 2015; Gruntmeir et al., 2017). Therefore, exclusion of
D. immitis infection might not solely rely on antigen-
negative result.
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Figure1l  Gel electrophoresis of D. immitis PCR products. Lane M, GeneRuler Low Range DNA ladder (Thermo Scientific); lane P,
positive control; lane N, negative control; lane 1, blood sample from a cat without circulating antigen; lane 2, blood sample

from a cat with positive circulating antigen.

Antibody tests for D. immitis antibodies are
currently used in most countries (Snyder et al., 2000;
Kramer and Genchi, 2002; Levy et al., 2003; Berdoulay
et al., 2004; Dunn et al., 2011; Genchi et al., 2018), but
they are unavailable in Thailand. In cats, antibody tests
can detect D. immitis infection since 2 months
postinfection, therefore they can be used as early
screening for infection (Browne et al., 2005; Dillon et al.,
2014). However, seropositivity indicates a previous
exposure to D. immitis, but worms may be not currently
existed or may be recently cleared from the circulation
(Browne et al., 2005). In addition, the sensitivity of

antibody tests varies with time as the worms mature
(Dillon et al., 2014). False-negative antibody test results
could be detected in cats that had positive necropsy
results (Snyder et al., 2000; Berdoulay et al., 2004).
Discrepancy between results of antigen and antibody
tests were previously documented (Curtis et al., 2017;
Lu et al., 2017). Due to limited performances of antigen
and antibody testing, current guidelines for feline
heartworm infection recommend to include both
antigen and antibody testing in order to determine the
index of suspicion in cats (Jones et al., 2014).
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All cats in this study had negative PCR test results.
A discordant result was found in a cat that was positive
by antigen test and negative by PCR assay. Failure to
detect D. immitis DNA could be explained by absence
of microfilariae or fragments of worms in blood
circulation of the cats (Pereira et al., 2018). Otherwise,
D. immitis DNA in the PCR reaction might be lower
than the limit of detection in the assay (Rishniw et al.,
2006). We suggest that D. immitis infection might not
be ruled out based on a negative PCR test result alone.
Some limitations were found in our study. We
recruited only cats that were presented to a veterinary
hospital and this cannot be considered random
sampling from client-owned cats in Bangkok. In
conclusion, the prevalence of D. immitis infection was
very low, based on the antigen test and the PCR assay
in a small group of client-owned cats in this area. The
PCR assay was not shown promising to detect D.
immitis infection in cats.

Acknowledgements

This study was supported by the Diagnosis and
Monitoring of Animal Pathogens Research Unit,
Chulalongkorn University.

References

Albonico F, Loiacono M, Gioia G, Genchi C, Genchi M
and Mortarino M 2014. Rapid differentiation of
Dirofilaria immitis and Dirofilaria repens in canine
peripheral blood by real-time PCR coupled to high
resolution melting analysis. Vet Parasitol. 200: 128-
132. Doi: 10.1016/j.vetpar.2013.11.027.

Aroch I, Rojas A, Slon P, Lavy E, Segev G and Baneth
G 2015. Serological cross-reactivity of three
commercial in-house immunoassays for detection
of Dirofilaria immitis antigens with Spirocerca lupi in
dogs with benign esophageal spirocercosis. Vet
Parasitol. 211: 303-305. Doi: 10.1016/j.vetpar.2015
.06.010.

Berdoulay P, Levy JK, Snyder PS, Pegelow M]J, Hooks
JL, Tavares LM, Gibson NM and Salute ME 2004.
Comparison of serological tests for the detection of
natural heartworm infection in cats. ] Am Anim
Hosp Assoc. 40: 376-384.

Browne LE, Carter TD, Levy JK, Snyder PS and
Johnson CM 2005. Pulmonary arterial disease in
cats seropositive for Dirofilaria immitis but lacking
adult heartworms in the heart and lungs. Am ] Vet
Res. 66: 1544-1549.

Curtis K, O’Connor T, Lorentzen L, McCall J, Tillson
M, Dillon R and Chandrashekar R 2017. Temporal
pattern of circulating antigens and antibody
responses in cats experimentally infected with
Dirofilaria immitis. Parasitol Res. 116: S91-598. Doi:
10.1007 /s00436-017-5495-x.

Dillon AR, Tillson DM, Wooldridge A, Cattley R,
Hathcock J, Brawner WR, Cole R, Welles B,
Christopherson PW, Lee-Fowler T, Bordelon S,
Barney S, Sermersheim M, Garbarino R, Wells SZ,
Diffie EB and Schachner ER 2014. Effect of pre-
cardiac and adult stages of Dirofilaria immitis in
pulmonary disease of cats: CBC, bronchial lavage
cytology, serology, radiographs, CT images,

bronchial reactivity, and histopathology. Vet
Parasitol. 206: 24-37. Doi: 10.1016/j.vetpar.2014.
09.007.

Dunn KF, Levy JK, Colby KN and Michaud RI 2011.
Diagnostic, treatment, and prevention protocols for
feline heartworm infection in animal sheltering
agencies. Vet Parasitol. 176: 342-349. Doi:
10.1016/j.vetpar.2011.01.019.

Favole P, Cauduro A, Opreni M, Zanzani S, Albonico
F, Manfredi M, Cantile C and Lorenzo V 2013.
Epidural dirofilariosis in a paraparetic cat: case
report of Dirofilaria immitis infection. J Feline Med
Surg. 15: 1160-1164. Doi: 10.1177/1098612X13492
740.

Ferreira C, Afonso A, Calado M, Mauricio I, Alho AM,
Meireles ], Madeira de Carvalho L and Belo S 2017.
Molecular characterization of Dirofilaria spp.
circulating in Portugal. Parasit Vectors. 10: 250. Doi:
10.1186/513071-017-2180-y.

Genchi M, Mangia C, Ferrari N and Loukeri S 2018.
Evaluation of a rapid immunochromatographic test
for the detection of low burden Dirofilaria immitis
(heartworm) in dogs and cats. Parasitol Res. 117:
31-34. Doi: 10.1007 /s00436-017-5709-2.

Gruntmeir JM, Adolph CB, Thomas JE, Reichard MV,
Blagburn BL and Little SE 2017. Increased detection
of Dirofilaria immitis antigen in cats after heat
pretreatment of samples. ] Feline Med Surg. 19:
1013-1016. Doi: 10.1177 /1098612X16670562.

Jones S, Graham W, von Simson C, Stannard R,
Carithers D, Payne P, Rehm C, Nelson CT, Smith-
Blackmore M, Clyde E, Zaffarano B, Miller M,
Atkins C, McCall ], Loenser M and Rumschlag T
2014. Current feline guidelines for the prevention,
diagnosis, and management of heartworm
(Dirofilaria immitis) infection in cats. American
Heartworm Society 2014.

Kramer L and Genchi C 2002. Feline heartworm
infection: serological survey of asymptomatic cats
living in northern Italy. Vet Parasitol. 104: 43-50.

Lee AC and Atkins CE 2010. Understanding feline
heartworm infection: disease, diagnosis, and
treatment. Top Companion Anim Med. 25: 224-230.
Doi: 10.1053/j.tcam.2010.09.003.

Levy JK, Snyder PS, Taveres LM, Hooks JL, Pegelow
M], Slater MR, Hughes KL and Salute ME 2003.
Prevalence and risk factors for heartworm infection
in cats from northern Florida. ] Am Anim Hosp
Assoc. 39: 533-537.

Litster AL and Atwell RB 2008. Feline heartworm
disease: a clinical review. ] Feline Med Surg. 10:
137-144. Doi: 10.1016/j.jfms.2007.09.007.

Little SE, Raymond MR, Thomas JE, Gruntmeir J,
Hostetler JA, Meinkoth JH and Blagburn BL 2014.
Heat treatment prior to testing allows detection of
antigen of Dirofilaria immitis in feline serum. Parasit
Vectors. 7: 1-4. Doi: 10.1186/1756-3305-7-1.

LiuJ, Song KH, Lee SE, Lee JY, Lee JI, Hayasaki M, You
M]J and Kim DH 2005. Serological and molecular
survey of Dirofilaria immitis infection in stray cats in
Gyunggi province, South Korea. Vet Parasitol. 130:
125-129. Doi: 10.1016/j.vetpar.2005.03.026.

Lu TL, Wong JY, Tan TL and Hung YW 2017.
Prevalence and epidemiology of canine and feline


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayasaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=You%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=You%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=15893079
https://www.ncbi.nlm.nih.gov/pubmed/15893079

Ritthikulprasert S. et al. / Thai ] Vet Med. 2020. 50(1): 109-113. 113

heartworm infection in Taiwan. Parasit Vectors. 10:
484. Doi: 10.1186/513071-017-2435-7.

Mar PH, Yang IC, Chang GN and Fei AC 2002. Specific
polymerase chain reaction for differential diagnosis
of Dirofilaria immitis and Dipetalonema reconditum
using primers derived from internal tran-scribed
spacer region 2 (ITS2). Vet Parasitol. 106: 243-252.
Doi: 10.1016/50304-4017(02)00032-8.

McCall JW, Genchi C, Kramer LH, Guerrero J and
Venco L 2008. Heartworm disease in animals and
humans. Adv Parasitol. 66: 193-285. Doi:
10.1016/S0065-308X(08)00204-2.

Park HJ, Lee SE, Lee W], Oh JH, Maheswaran E, Seo
KW and Song KH 2014. Prevalence of Dirofilaria
immitis infection in stray cats by nested PCR in
Korea. Korean ] Parasitol. 52: 691-694.
Doi: 10.3347 / kjp.2014.52.6.691.

Pereira BB, Bastos BF, Keidel L, Leles D and Brener B
2018. Feline heartworm (Dirofilaria  immitis)
infection: first case report of serological diagnosis
in Brazil, confirmed by molecular assay. An Acad
Bras Ciénc. 90 (2 Suppl. 1): 2293-2297. Doi:
10.1590/0001-3765201820170063.

Rishniw M, Barr SC, Simpson KW, Frongillo MF, Franz
M, and Dominguez Alpizar JL 2006. Discrimination
between six species of canine microfilariae by a
single polymerase chain reaction. Vet Parasitol.
135: 305-314. Doi: 10.1016/j.vetpar.2005.10.013.

Schnyder M and Deplazes P 2012. Cross-reactions of
sera from dogs infected with Angiostrongylus
vasorum in commercially available Dirofilaria
immitis test kits. Parasit Vectors. 5: 258. Doi:
10.1186/1756-3305-5-258.

Silbermayr K, Eigner B, Duscher GG, Joachim A and
Fuehrer HP 2014. The detection of different
Dirofilaria species using direct PCR technique.
Parasitol Res. 113: 513-516. Doi: 10.1007/s00436-
013-3682-y.

Snyder PS, Levy JK, Salute ME, Gorman SP, Kubilis PS,
Smail PW and George LL 2000. Performance of
serologic tests used to detect heartworm infection
in cats. ] Am Vet Med Assoc. 216: 693-700.

Sukhumavasi W, Bellosa ML, Lucio-Forster A, Liotta J,
Lee A, Pornmingmas P, Chungpivat S, Mohammed
HO, Lorentzen L, Dubey JP and Bowman DD 2012.
Serological survey of Toxoplasma gondii, Dirofilaria
immitis, feline immunodeficiency virus (FIV) and
feline leukemia virus (FeLV) infections in pet cats
in Bangkok and vicinities, Thailand. Vet Parasitol.
188: 25-30. Doi: 10.1016/j.vetpar.2012.02.021.

Venco L, Marchesotti F and Manzocchi S 2015. Feline
heartworm  disease: a  ‘Rubik’s-cube-like’
diagnostic and therapeutic challenge. ] Vet Cardiol.
17: 5190-5201. Doi: 10.1016/j.jvc.2015.08.004.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Maheswaran%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25548424
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=25548424
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=25548424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4277035/
https://dx.doi.org/10.3347%2Fkjp.2014.52.6.691

