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ABSTRACT

Background: The sole published data on feline heartworm infection in the Philippines was reported
four decades ago. The study therefore endeavoured to assess and provide an update on the current
status of heartworm infection in domesticated feline species using serologic and parasitological ex-
amination methods.

Methods: A total of 46 males and 54 females cats showing clinical signs of dirofilariosis from Makati
City, Philippines were subjected to two antigen-based test kits and a microfilaria concentration
method.

Results: The most commonly observed clinical sign was coughing while exercise intolerance was
seldom seen. Age groups ranging from 1 to 4 years old exhibited majority of the clinical signs
whereas the 8.1 to 12 years category had the least. The results from the different detection methods
employed revealed that none of the animals were positive for circulating microfilaria and no detect-
able levels of heartworm antigens were obtained.

Conclusion: The presence of associated clinical signs is not an outright indicator of feline dirofilari-
osis and may be indicative of the rarity of heartworm infection in cats in Makati, Philippines.
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Introduction
trofilaria immitis, commonly known as and public health importance (1). The parasite
canine heartworm is a mosquito- is ubiquitously found in all continents (2) and
borne filarial nematode of veterinary has continued to exhibit its potential as a
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zoonotic disease since 1980’s (3, 4). The para-
site can occasionally infect man (5, 6) but is
unable to complete maturation in humans and
instead dies lodged within the lungs forming
an embolus or a pathologic cyst-like lesion (5,
7). Although man is considered a dead-end
host, several cases of human dirofilariasis in-
volving different organ systems and stages,
including adult forms have been reported.
There are several cases in humans which in-
volve immature stages of the parasite. Young
parasite stages were ectopically found in the
liver (8); lodged in the spermatic cord (9); eye
(10); right side of the heart (11) and most
commonly in the pulmonary area (6, 12, 13).
Interestingly, a case involving two adult female
worms of Dirofilaria immitis from the heart and
inferior vena cava were obtained from a 36-
year-old Japanese manwho died from liver
cirrhosis (14). Canine species is the prime res-
ervoir host for human dirofilariasis. However,
the potential of feline species as a source of
human infection cannot be discounted since
D. immitis infection is now also considered as a
potential causative agent of heartworm in fe-
line species (15, 16). Accordingly, Myszak (17)
stated that presence of heartworm in canines
increases the likelihood for feline heartworm
infections as well. Moreover, reports of in-
creasing numbers of feline heartworm infec-
tions in other countries were documented
(18)). On the other hand, the sole report of
heartworm infection in feline species in the
Philippines was published late 1965, more
than four decades ago (19).

Several factors contribute to the elusiveness of
feline heartworm cases in the country. The
primary reason is that in general cats are more
resistant to adult D. zmmitis infection as com-
pared with canines and usually very few L5 are
able to reach the lungs 3 to 4 months after
infection (20). Secondly, feline species exhibits
nonspecific clinical signs, typically low worm
burdens and a unique feline pathophysiology,
which complicates its diagnosis. Thirdly, cur-
rently available heartworm tests, including an-
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tigen-based tests, have known limitations that
make the diagnosis of FHD difficult (21).
Since the last known report of feline dirofilari-
asis was approximately forty years ago, the
study therefore aimed to determine the cur-
rent status of heartworm infection in cats
from Makati, Philippines using three different
diagnostic tests namely acetone microfilaria
concentration method (Ohishi test), Diro-
CHEK " antigen test (Synbiotics Corporation,
San Diego, California) and WITNESS® HW
antigen test (Synbiotics Corporation, San
Diego, California) (22, 23).

Materials and Methods

Study animals

A total of 46 male and 54 female cats, not less
than a year of age (Range: 1-17 years old)
based on veterinary hospital records, from
Makati, Philippines with signs of heartworm
infection and no history of dirofilariasis medi-
cation were obtained via purposive sampling.
Specifically, clinical signs identified to be asso-
ciated with feline heartworm disease included
coughing, dyspnoea, vomiting, diarrhoea, ex-
ercise intolerance, anorexia and weight loss.
Furthermore, data on the patient’s signalment
(sex and age) and living environment (indoor
or outdoor) were also determined.

Blood collection

Approximately 2 ml of blood were collected
from each sample animal via cephalic
venipuncture. Blood was allocated into one
millilitre for Ohishi’s concentration technique
and the remaining blood sample was allowed
to stand. Afterwards, each serum was har-
vested and subjected to testing for the pres-
ence of D. immitis antigen. The procedure was
duly approved by University of the Philippines
Los Bafios, College of Veterinary Medicine
Institutional Animal Care and Use Committee
(IACUC), Protocol No. 2010-16.
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Acetone microfilatia concentration method
The test was performed as previously de-

scribed (24).

Heartworm antigen test kits

The biological samples were processed and
tested for D. zmmitis using two heartworm an-
tigen commercial test kits, DiroCHEK" (Syn-
biotics Corporation, San Diego, California)
and WITNESS® HW (Synbiotics Corporation,
San Diego, California), according to the
manufacturers’ instructions. DiroCHEK® and
WITNESS® HW heartworm test kits are in-
terpreted based on color reactions.
DiroCHEK" multi-unit enzyme-linked
immunosorbent assay (ELISA) makes use of
microwells coated with antibodies directed
against D. immitis antigen and horseradish pe-
roxidase (HRP) antibody conjugate. On the
other hand, WITNESS® HW is a single unit
antigen test based on rapid immunomigration
(RIM) technology for detection of heartworm
antigen in canine or feline blood. The method
utilizes gold-labeled antibody conjugate and
the formed antigen/antibody gold complex
eventually migrates across a nitrocellulose
membrane and finally reacts with a second
antibody at the level of the test line.

Results

The two antigen detection methods and ace-
tone microfilaria concentration test employed
revealed that none of the cats were positive
for circulating microfilaria and no detectable
levels of heartworm antigens were obtained
although signs commonly associated with
heartworm infection were observed.

Table I illustrates that more male cats dis-
played dyspnea (47.83%), vomiting (65.22%),
diarrhoea (54.35%) and exercise intolerance
(17.39%). On the other hand, a greater num-
ber of the female cats showed signs of cough-
ing (88.88%) as well as anorexia (51.85%).
Respiratory signs such as coughing were
mainly observed in 1-4 years old and seldom
in 12.1-17 years old felines. In the case of gas-
trointestinal disturbances, majority of the cats
1-4 years were diarrheic (60.38%) as well as
vomiting (62.26%) whereas these signs were
least observed in 8.1-12 years old cats at 40%
prevalence. Relative to the housing type, the
data showed that a greater number of animals
living indoor manifested dyspnea (44.4%),
vomiting (62.22%), diarrhoea (62.22%), ano-
rexia (53.33%), exercise intolerance (15.56%)
and coughing (82.22%) as compared to those

raised outdoors.

Table 1: Frequency distribution of observed clinical signs in relation to sex, age and housing type

Exercise
Parameter Cough Dyspnea  Vomiting Diarrhoea  Anorexia Intolerance
n % n % n % N % n % n %
Sex
Male (46) 33 7174 22 4783 30 6522 25 5435 22 4783 8 17.39
Female (54) 48 88.88 22 40.74 24 4444 29 5370 28 5185 7 15.56
Total 81 44 54 54 50 15
Age
1 to 4 (53) 50 9245 27 5094 33 6226 32 6038 27 5094 6 11.32
4.1- 8 (29) 17 6897 10 3448 14 4828 16 51.72 20 6897 5 17.24
8.1- 12 (13) 11 8462 4 3636 5 3846 4 3077 2 1538 3 23.08
12.1-17 (5) 3 6000 3 06000 2 4000 2 4000 1 2000 1 20.00
Total 81 44 54 54 50 15
Type of housing
Indoor (45) 37 8222 20 444 28 6222 28 6222 24 5333 7 15.56
Outdoor (55) 44 80.00 24 43.64 26 4727 26 4727 26 4727 8 14.55
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Discussion

Although negative results were derived from
the study, the possible presence of dirofilaria-
sis in cats in the Philippines should not be en-
tirely discounted because the parasite’s exis-
tence was confirmed approximately four dec-
ades ago. As such, the clinical signs related to
heartworm infection and its effect on the
study parameters are discussed with the pros-
pect of serving as a guide to further studies.
Majority of the clinical signs were seen in the
1-4 age group with coughing (92.45%) as the
prominent clinical manifestation. A previous
study in south-eastern Michigan states that
cats <2 years of age have lesser chances of
microfilariae infection than older cats (25). On
the contrary, another study illustrated that the
age group of positive (7.3 * 5.1 years) and
negative (6.6 = 4.9 years) cats were not signifi-
cantly different (18). These findings suggest
that age is not a likely predisposing factor to
determine heartworm infection in cats.

Both male and female cats showed variable
clinical signs with coughing as the most preva-
lent finding. Furthermore, most of the clinical
findings were observed in male cats. On a side
note, a study by Atkins et al. (18) demon-
strated that male feline species (86%) were
more likely to come out positive than the fe-
male species (66%). In addition, data from a
previous research indicated that non-domestic
cats are at risk for heartworm exposure and
infection and also male cats being at greater
risk of exposure to the parasite infection (18).
In reference to the type of housing, although
more outdoor cats represented the study
population, there was a preponderance of re-
lated clinical signs to dirofilariasis infection in
indoor cats ie. those situated indoors were
more prone to clinical manifestations. The
studies of Miller et al. (26) and Atkins et al.
(18), revealed that there were simultaneous
increases in the risk of parasite infection in
cats housed outdoors. However, these studies
likewise indicated that indoor housing does
not guarantee protection against D. wumitis
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infection. Thus, indoor housing does not con-
fer complete protection against D. zmmitis in-
fection in cats (20, 21, 25, 27). Kalkstein et al.
(25) further stated that since the type of hous-
ing of feline was shown not associated with
D. immitis infection by several studies, cats
should be considered candidates for heart-
worm prophylaxis regardless whether they are
raised indoors or outdoors, as long as they are
located in areas at risk of heartworm infection.
Table I shows coughing as the most fre-
quently observed clinical sign in the sample
population, while the least observed was exer-
cise intolerance. The study of Atkins et al. (27)
likewise showed that coughing was one of the
strongest indicators of heartworm infection in
cats. Conversely, Robertson-Plouch et al. (21)
stated that although coughing, dyspnea and
vomiting are associated with feline heartworm
disease (FHD) these clinical signs may be in-
dicators of conditions such as bronchitis,
asthma, lungworm infection and other feline
respiratory diseases as well. Similarly, Dhupa
et. al. (28) indicated that a disease such as fe-
line bronchial asthma is sometimes mistaken
as heartworm disease. Furthermore, viruses
like feline calicivirus (FCV) and feline herpes-
virus-1 (FHV-1) are also commonly associated
with feline respiratory disease especially in
animals living together in large numbers such
as pet stores, catteries and shelters (29). Corre-
spondingly, since clinical signs associated with
heartworm infection were observed, the ani-
mals were subjected to serological and parasi-
tological tests.

The results from the different antigen-based
detection methods (DiroCHEK® and WIT-
NESS® HW) employed in the study revealed
that none of the animals had detectable levels
of heartworm antigens. DiroCHEK"® and
WITNESS® HW are commercially available
heartworm test kits in the country that are in-
terpreted based on color reactions. In addition,
the antigen tests were designed to determine
the presence of the antigen expressed by D.
immitis; Aspartyl Protease Inhibitor Homo-
logue (PDi33 antigen) which is reported to be
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present in all heartworm stages of the mam-
malian host (MCF, L3, L4, adult male and fe-
male) and primarily released by mature stages
of heartworms in vitro (22). Antigen testing is
not an absolute test and also has limitations.
Although DiroCHEK® antigen test is highly
specific (98%) for D. immitis detection, its di-
agnostic sensitivity in cats is only 79% and this
implies that reports may have been under-
estimated and parasite prevalence in the field
might be higher than reported earlier (25).
Furthermore, since biologically cats can only
harbor very few numbers of worms, these re-
sults to a parallel low production of heart-
worm antigen and below detectable levels of
antibodies (30). Consequently, the success in
the use of antigen tests is dependent on the
amount of antigen released by mature adult
female heartworms (31). These tests are very
highly specific and will detect antigens exclu-
sively from female heartworms that are at least
seven or eight months old but do not gener-
ally detect infections that are less than five
months old (7). However, it was also exhibited
that although the antigen test is a valuable ad-
junct to D. immitis infection diagnosis, the test
was observed to be less sensitive and prone to
false negatives (32).

Subsequently, the acetone microfilaria concen-
tration method likewise ascertained that all of
the test samples did not possess circulating
microfilaria. The use of microfilaria concentra-
tion technique in the demonstration of micro-
filariae (MCF) in the circulating blood though
diagnostic has also its limitations. The demon-
stration of MCF is rendered inapposite when-
ever animal infections are less than six months
in duration (20). This test will only detect in-
fections with at least one sexually mature male
and female heartworm species and single-sex
infections are not diagnosed by this method.
The occurrence of immune-mediated occult
infections is also common (33, 34) and the test
was reported to have poor sensitivity in de-
tecting the presence of heartworms in clinical
samples as well. Additionally, it was previously
reported that the sensitivity of heartworm

57

screening using microfilaria concentration
techniques is around 20% more than that of
direct smear method (35). The other reasons
for false negative results in using microfilaria
concentration techniques also include inade-
quate sample size and the host’s immunity
prior to therapy (24). Furthermore, it was be-
lieved that cats are probably imperfect hosts
tor D. immitis. The presence of circulating mi-
crofilaria in infected cats is rarely demon-
strated, which usually persist approximately
195-228 days post infection. This is likely due
to the known capability of cats to undergo
host immune-mediated clearance of the mi-
crofilaria or probably reversible suppression of
microfilaria production. This could explain the
considerably shorter life span (2-3 years) of
the parasite in feline species (20).

Opverall, results of the study demonstrated that
the presence of associated clinical signs did
not result to positive observance of the para-
site thus suggesting that the signs were non-
specific and were not outright indicators of
feline dirofilariasis in Makati City, Philippines.

Conclusion

The different detection methods employed in
the study were not able to reveal circulating
microfilaria and detectable levels of heart-
worm antigens from the feline blood samples.
The negative results of the study seem to
agree with the previous report, which advo-
cated that antigen tests are not paramount for
the detection of FHD (25). Consequently, the
study established that the presence of associ-
ated clinical signs is not an outright indicator
of feline dirofilariasis. It is more likely that the
clinical signs are non-specific in nature. Over-
all, the results derived from the study are
analogous to previous reports (4, 13, 30) that
specified that heartworm infection in feline
species are rarely if at all detected. Further
studies on a larger scale, scope and demogtra-
phy are advocated in combination with ge-
nomic testing to reliably diagnose or rule out
D. immitis infection.
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