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TOPICAL REVIEW
Understanding Feline Heartworm Infection: Disease,
Diagnosis, and Treatment

Alice C. Y. Lee, DVM,* and Clarke E. Atkins, DVM, Dipl. ACVIM (Internal Medicine & Cardiology)†

Feline heartworm disease is a very different clinical entity from canine heartworm disease. In cats, the arrival and
death of immature heartworms in the pulmonary arteries can cause coughing and dyspnea as early as 3 months
postinfection. Adult heartworms suppress the function of pulmonary intravascular macrophages and thus reduce
clinical disease in chronic feline heartworm infection. Approximately 80% of asymptomatic cats self-cure. Median
survival time for symptomatic cats is 1.5 years, or 4 years if only cats living beyond the day of presentation are
considered. Aberrant worm migration is more frequent than it is in dogs, and sudden death can occur with no prior
clinical signs. The bacterial endosymbiont Wolbachia likely contributes to the inflammatory pathology of heart-
worm disease, but its role is not yet fully clear. Unfortunately, the diagnosis, treatment, and management of feline
heartworm disease are far from simple. Antemortem diagnosis is hampered by low worm burdens, the frequency of
all-male infections, and nonspecific radiographic lesions. It is up to the veterinarian to determine the correct index
of suspicion and choose the right combination of diagnostic tests to achieve an answer. Treatment is symptomatic
because adulticide therapy is risky and does not increase survival time. Despite the dangers of feline heartworm
disease, less than 5% of cats in the United States are on chemoprophylaxis. It is important for veterinarians to take
a proactive preventive stance because heartworm infection in cats is a multisystemic disease that has no easy cure.
© 2010 Elsevier Inc. All rights reserved.
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eartworms (Dirofilaria immitis) have long been ac-
knowledged as a cause of severe and potentially fatal

ardiopulmonary disease in dogs, and thus much effort has
een put into the study of this parasite in its natural definitive
ost. However, several noncanid species can also act as atyp-

cal hosts for adult D. immitis worms, including another very
opular companion animal, the domestic cat. It is only re-
ently that the scientific community has focused attention on
eline heartworm disease and recognized the differences in
ost response, pathophysiology, and clinical presentation of
eartworm infection in cats versus that in dogs. In particular,
new disease manifestation in cats has been elucidated that
ccurs independent of worm maturation to the adult stage in
he pulmonary vasculature: heartworm-associated respira-
ory disease (HARD).1 Moreover, the role of Wolbachia en-
osymbionts in heartworm infection is slowly coming to

ight, and the parasite life expectancy, host mortality, and
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elf-cure rate in cats are now better understood. In this re-
iew, the authors will describe recent advances in our under-
tanding of feline heartworm infection and will provide rec-
mmendations for the diagnosis and prevention of this
mportant parasitic infection.

pidemiology and Life Cycle

irofilaria immitis is endemic in many countries. Heartworm
revalence in dogs has been extensively reported worldwide
ith values as high as 80% in some regions, though this
umber varies greatly depending on geographical location.2

he prevalence of feline heartworm infection, less well de-
ned because definitive antemortem diagnosis is difficult to
chieve, is generally estimated to be 5% to 20% that of the
anine population in the same area.3 Reasons for the lower
revalence in cats may include poor suitability as a definitive
ost,4–7 as well as mosquito feeding preferences: D. immitis
ectors such as Aedes taeniorhynchus and Culex quinquefas-
iatus are found in greater frequency on dogs versus cats
hen both hosts are present together.8 Necropsy studies con-
ucted a few years ago in northern Georgia and Florida re-
ealed adult heartworms in 2.1% and 4.9% of shelter cats,
espectively.7,9 In a population of client-owned cats in Italy
hat were not receiving chemoprophylaxis, 6.7% were con-
rmed to be heartworm infected via antigen testing and echo-
ardiography, and 18.6% were antibody positive.10 An out-

oor lifestyle increases a cat’s exposure to mosquito vectors

mailto:cl568@cornell.edu
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nd is a risk factor for infection; however, living strictly
ndoors does not fully protect against infection. In various
tudies, between 19% and 27% of confirmed heartworm-
nfected cats were indoor only.10,11

The life cycle of Dirofilaria immitis in cats is similar to that
n dogs (Fig 1). A female mosquito ingests microfilariae when
t feeds on an infected dog (or other canid). The microfilariae
evelop into first-stage larvae and then subsequently into

nfective third-stage (L3) larvae after undergoing 2 molts
ithin the mosquito; this process can take between 8 and 30
ays, depending on ambient temperature.12 When the mos-
uito then feeds on a cat, the infective L3 deposited on the
kin enter the bite wound. The molt to the L4 stage occurs in
he subcutaneous tissue and muscle within 3 days.13 Based on
ur understanding of heartworm development in the dog, we
elieve that after about 2 months migrating through muscle
nd adipose tissue, the L4 undergo a final molt to become
mmature adults. The immature worms enter a peripheral
ein and are carried by the circulation to the caudal pulmo-
ary arteries 70 to 90 days postinfection, where the majority
re cleared, but a few may continue development into
dults.1,14 Microfilaremia occurs in �20% of cats with ma-
ure heartworm infections and begins 7 to 8 months after
nfection; patency persists for only 1 to 2 months.6,13 Most
ommonly there are 2 to 4 adult heartworms (range, 1-8) per
at and—unlike the case in dogs, in which D. immitis can live
or up to 7.5 years—they survive for just 2 to 4 years, which
s longer than previously believed.10,15 This marked reduction
n worm fertility and viability is believed to result from an
nnate resistance to D. immitis on the part of the feline
ost.4,6,7 Aberrant migration occurs with greater frequency in
ats than in dogs.6 Ectopic locations include body cavities

ig. 1. Life cycle of Dirofilaria immitis in cats versus dogs.
eprinted with permission from the American Heartworm
ociety (www.heartwormsociety.org/pet-owner-resources/
eartworm.html).
nd the central nervous system.16 s
athophysiology and Clinical Manifestations

n cats, most of the immature worms that reach the caudal
ulmonary arteries die, inducing a strong vascular and pa-
enchymal inflammatory response.1,14 This pronounced reac-
ion is hypothesized to be due to the activity of pulmonary
ntravascular macrophages (PIM), a component of the reticu-
oendothelial system that cats possess but normal dogs do
ot.14,17 Accordingly, cats may exhibit coughing or dyspnea
r intermittnt vomiting around 3 months postinfection,
omething not known to be associated with canine heart-
orm disease.14 This unique manifestation of feline heart-
orm infection is known as HARD.1 Regardless of whether
dult worms ultimately develop, heartworm-exposed cats
ave the potential to develop significant lung damage.1 His-
ological examination of shelter cats undergoing necropsy
howed that antibody-positive cats with no adult heartworms
presumptive HARD patients) demonstrated a frequency of pul-
onary arterial occlusive hypertrophy that was intermediate in

everity between cats that harbored adult heartworms and cats
hat had no evidence of heartworm exposure (i.e., antibody-
egative and no adult heartworms).18

Cats in which a mature infection develops may be asymp-
omatic in many cases. Mature adult heartworms are be-
ieved to secrete a product that downregulates PIM activity,
uch that the resulting antiinflammatory effect minimizes
linical signs in infected cats.17 Signs most often exhibited in
hronic feline heartworm disease are respiratory in nature (dys-
nea, coughing), but vomiting, neurological signs (ataxia, cir-
ling, head tilt, blindness, seizures), and sudden death are also
bserved.11,13,15 Acute respiratory distress and sudden death
re generally attributed to the death, deterioration, and em-
olization of worms or worm fragments, causing pulmonary
rterial infarction and circulatory collapse.4,13 Rarely, right-
ided heart failure and caval syndrome have been docu-
ented in cats.13,19,20 Adult heartworms induce pathology in

he pulmonary arteries characterized by villous endarteritis,
ntimal fibrosis, medial hypertrophy, and thrombosis.4,18 A
ide-by-side comparison of HARD and chronic feline heart-
orm disease is presented in Table 1.
Like many filarial worms, Dirofilaria immitis has a symbi-

tic relationship with an intracellular bacterium of the genus
olbachia.21,22 These bacteria are harbored by all stages of

eartworm and are shed in high numbers during microfilarial
roduction and when larvae or adult worms die.22 Immuno-
lobulin G antibodies against Wolbachia surface proteins
WSP) increase and remain high for months in cats after
xperimental heartworm infection.23 Cats treated with iver-
ectin 30 days postinfection have even higher titers than
ntreated control cats, suggesting that the large quantity of
acteria released on larval death generates a strong host im-
une response.23 This long-lasting humoral response against
SP may allow a previously exposed feline host to more

ffectively eliminate heartworm larvae on repeat exposure,
hus providing another possible explanation for the cat’s nat-
ral resistance to heartworm infection.23 WSP, in and of it-

elf, has been shown to stimulate expression of proinflamma-

http://www.heartwormsociety.org/pet-owner-resources/heartworm.html
http://www.heartwormsociety.org/pet-owner-resources/heartworm.html
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ory mediators, leading to the theory that Wolbachia
ontributes directly to the pathology of heartworm disease.21

his is further supported by the finding that dogs receiving
vermectin (at 4� the preventive dosage) and doxycycline (to
uppress Wolbachia populations) before undergoing adulti-
ide therapy had significantly milder lung lesions on histolog-
cal examination compared with dogs receiving adulticide
lone.24 However, a recent study investigating the link be-
ween relative Wolbachia load and severity of lung pathology
n heartworm-infected cats and dogs did not demonstrate a
lear correlation.22 At this time, the importance of this endo-
ymbiont in causing pulmonary lesions is uncertain.

iagnosis of Feline Heartworm Infection and
isease

ecause of low worm burdens and low circulating antigen
evels, the diagnostic approach to feline heartworm infection
hould incorporate a combination of testing methods.16 Se-
ological tests are typically the initial screening tool. They
an provide very useful information, but the limitations of
hese methods must be understood to correctly interpret test
esults. A positive antibody test denotes heartworm exposure
and development of larvae to at least the L4 stage) and serves
s an alert that the cat may have a mature infection, may have
r may later develop HARD, and is at risk for future infec-
ion; however, it does not confirm the presence of adult
orms. A negative result likewise does not rule out infec-

ion,25 though it reduces the odds substantially because the
ajority of cats with adult infections are antibody positive.
ommercially available antigen tests, up to this point, have

Table 1. Comparison of Immature Heartworm-associated R
in Cats

HARD

Onset of clinical signs after
infection

3 months

Etiology Arrival and death of immat
heartworms in pulmonary

Clinical signs Dyspnea, coughing, wheezi

Serological test results
Antigen Negative
Antibody Often positive

Microfilaremia Absent
Radiographic findings Bronchointerstitial pattern

Echocardiographic findings Normal (no heartworms di
argeted an antigen produced mainly in the reproductive tract b
f adult females. Recently, a new antigen detection kit was
aunched that claimed 100% sensitivity when samples from
ogs with male-only or male-plus-juvenile-worm infections
ere tested (Rapide Dirofilaria Ag Test Kit; Modern Veteri-
ary Therapeutics, LLC, Miami, Florida, USA). It remains to
e seen how this will alter our ability to diagnose heartworm
nfection in cats. Tests that detect the female reproductive
ntigen are prone to false-negative results in cats because of
ow worm burdens and the possibility of male single-sex
nfections.25 They also do not detect immature infections
those acquired �7-8 months before testing took place). A
ositive result does point strongly to the presence of heart-
orms, but one must keep in mind that predictive values

hange with the true prevalence of disease, meaning that a
ositive antigen result in a low-prevalence area has a greater
isk of being false positive. Another downside to serological
esting is the fact that antibodies and antigen remain in cir-
ulation for an indeterminate length of time after the cat has
leared the parasite, making it difficult to discriminate be-
ween past and active infection.7 Therefore, serological test-
ng helps to raise or lower the index of suspicion for feline
eartworm disease, but rarely provides a definitive diagnosis.
hat being said, a positive antigen test in a symptomatic cat or

n an endemic area is considered to be diagnostic. Running both
n antibody and antigen test improves sensitivity compared
ith running either test alone.16,25

For cats, performing a modified Knott test for microfilariae
s rarely fruitful because patency is short lived; however,
hen present, microfilaremia provides a definitive diagnosis.
Thoracic radiography provides another piece of the puzzle,

ut again, findings are nonspecific and variably include: a

piratory Disease (HARD) and Chronic Heartworm Disease

Chronic heartworm disease

7 months

rteries
Pulmonary vascular, parenchymal, and cardiac

response to the presence, death, and
deterioration of adult heartworms

Dyspnea, coughing, hemoptysis, collapse,
vomiting, neurological signs, heart failure,
sudden death

Positive or negative
Often positive
Occasionally present
Variably bronchointerstitial pattern,

pulmonary artery enlargement, and
pulmonary hyperinflation; less commonly
pleural effusion or pulmonary consolidation

rnible) Heartworm(s) often found in pulmonary
artery, right atrium, or right ventricle;
possible pulmonary hypertension
es

ure
a

ng

sce
ronchointerstitial lung pattern (or less commonly a pure
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ronchial, interstitial, or alveolar pattern), pulmonary artery
nlargement (defined as a caudal pulmonary artery wider in
iameter than 1.6 times the ninth rib at the ninth intercostal
pace), pulmonary hyperinflation, and sometimes right ven-
ricular enlargement (Fig 2).4,5,11,16,26,27 These changes may be
istaken for other lung diseases such as allergic bronchitis,

sthma, or aelurostrongylosis.1,15,28 Because the index of sus-
icion for feline heartworm disease has historically been low,

t is likely that many cases of feline heartworm have been
isdiagnosed in the past (Fig 3). Occasionally, pleural effu-

ion due to hydrothorax or chylothorax may be observed on
horacic radiographs, and evidence of thromboembolism
ay also be present.5,13,15 In some patients, no radiographic

bnormalities are detected.11,27

Echocardiography is a useful adjunctive test in patients with
linical suspicion of heartworm disease and, in almost all cases,
s the only definitive way to diagnose infection antemortem.
eartworms appear as a double-lined hyperechoic structure in

he pulmonary arteries or chambers of the heart (Fig 4). The
ensitivity of this method is much higher in cats as compared
ith dogs because the smaller size of the feline pulmonary arte-

ial tree makes heartworms easier to find.13 However, operator
xperience and skill play a significant role in the accuracy of this
xamination. Sensitivity of echocardiography has ranged from
0% in one study to almost 100% in another.26 Overall, to rule
n or rule out feline heartworm infection with any degree of
ertainty, a combination of tests must be used, with full under-

ig. 2. Thoracic radiographs from a cat with heartworm dis
at diaphragm, and moderate interstitial pulmonary infiltrat
he pulmonary infiltrate is more readily appreciated in this vi

obar pulmonary artery (�1.6 times the ninth rib at the nint
tanding of the limitations of each one. b
reatment Options for Cats with Adult
eartworms

reatment options are limited in cats compared with dogs.
dulticidal therapy may be standard for dogs, but it is not

ecommended in cats because of the high mortality rate from

e and cough. (A) Lateral view. Note the hyperinflated chest,
he right ventricle is mildly enlarged. (B) Dorsoventral view.
in the right caudal lung lobe. Note the enlarged right caudal
tercostal space). Reprinted with permission.33

ig. 3. Clinical signs and differential diagnoses for feline heart-
orm disease, including HARD, reported for 50 proven cases
f heartworm infection in cats. Number of cats exhibiting each
linical sign is shown. Differential diagnoses were generated
eas
e. T
ew
ased on data presented by Atkins and coworkers.11



p
r
c
n
d
(
3
n
i
v
s
i
a
d
c
s

a
W
n
w
t
m
q
t

p
c
t
t
r
e
o
s
a
t

v
t
t
c

P

T
I
f
w
c
f
c
A
c
t
c
I
w
l
w
t
(
a
n
s
d
t
p
t

F
m
r
r

F
s
e
f
f
t

228 Volume 25, Number 4, November 2010
ulmonary thromboembolism and possible anaphylactic-like
eaction to dead and dying worms.16 Because many cats self-
ure, symptomatic treatment is considered a preferable alter-
ative. Cats with clinical or radiographic signs of pulmonary
isease can be given antiinflammatory doses of prednisone
1-2 mg/kg, every 12-48 hours as needed, tapered down over
-4 weeks). For patients whose signs persist or recur, alter-
ate-day prednisone at the lowest effective dose can be given

ndefinitely.13 All infected cats should receive heartworm pre-
entive to avoid repeat infection. Because cats are only tran-
iently microfilaremic, there is no need to worry about caus-
ng mass microfilarial death with chemoprophylactic
dministration. Also, as part of the safety testing performed
uring the Food and Drug Administration approval process,
ommercially available heartworm preventives have been
hown to be safe when used in infected cats.13

There is some debate as to whether doxycycline should be
dministered to heartworm-infected animals to target the
olbachia endosymbiont. Although a decrease in pulmo-

ary inflammation was observed in one study in which dogs
ere given doxycycline and ivermectin before adulticide

herapy,24 the benefits for cats—in which adulticide treat-
ent is not advised—have yet to be evaluated. Conse-
uently, doxycycline is not recommended as an adjunctive
herapy in cats at this time.

Successful surgical extraction of heartworms has been re-
orted in cats. In theory, this is a safer treatment option than
hemotherapy, which may cause thromboembolism. Unfor-
unately, it carries its own set of risks, namely vascular
rauma with hemorrhage, and intraoperative worm breakage
esulting in potentially fatal anaphylactic-like shock.13,16 Sev-
ral extraction methods have been described: jugular venot-
my with use of alligator forceps, endoscopic forceps, basket
nares or loop snares to retrieve worms; main pulmonary
rteriotomy; right auriculotomy; and right atriotomy with

ig. 4. Two-dimensional echocardiogram showing 2 adult fe-
ale heartworms, seen as double-lined echodensities, in the

ight atrium and right ventricle of a naturally infected cat. RA �
ight atrium, RV � right ventricle, LV � left ventricle.
otal venous inflow occlusion (Fig 5).16,19,20 Cats that sur- c
ived surgery showed marked clinical improvement. Never-
heless, because of the risk and impracticality, surgical ex-
raction is generally limited to emergency situations such as
aval syndrome, or to specialized referral centers.

rognosis

he prognosis for any infected cat must be considered guarded.15

n 2 prospective studies, approximately 80% of naturally in-
ected, asymptomatic cats eventually self-cured (i.e., adult
orms died naturally); of these, 68% and 25% developed

linical signs over time, whereas 32% and 75% remained
ree of symptoms.10,15 The other 20% or so of asymptomatic
ats died 8 to 41 months after diagnosis, often very suddenly.

retrospective study of symptomatic cats seen at a referral
enter showed a median survival time of 1.5 years overall,
hough survival was much better (4 years) when only those
ats still alive one day after presentation were considered.11

n this study of 50 cats with natural heartworm infection, 9
ere regarded as having survived heartworm disease (i.e.,

ived �1000 days postdiagnosis). Survival of 11 cats treated
ith sodium caparsolate was not significantly different from

hat of the 30 managed without adulticide. Likewise, youth
�3 years of age), gender, presence of dyspnea, cough, heartworm
ntigenemia, and echocardiographically identifiable worms did
otappear to impactsurvival.Theeffectofheartworminfectionon
urvival has been compared with that of other cardiovascular
iseases in cats. Overall, the prognosis is comparable with
hat of hypertrophic cardiomyopathy, the most benign of
rimary feline heart diseases.29 Although many cats appear to
olerate heartworm infection well, and some are able to self-

ig. 5. Surgical heartworm extraction (from the same cat
hown in Fig 4) using a nitinol loop snare. The operator has
nsnared 2 adult female heartworms from a cat with heart
ailure manifested by chylothorax. This procedure was per-
ormed under fluoroscopic guidance and proved curative for
his cat. Reprinted with permission.20
ure without grave consequences, it is important to remem-
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er that the presence of a single worm can prove fatal.2,16 The
est approach to feline heartworm disease is to prevent it
hrough use of chemoprophylaxis.

revention against Infection

eartworm chemoprophylaxis in cats has proven benefits.
ulmonary pathology and clinical signs were compared in 3
roups of cats experimentally infected with Dirofilaria immi-
is: 1) untreated control cats, 2) cats treated with ivermectin
eginning at 84 days postinfection to kill immature heart-
orms arriving in the lungs, and 3) cats given monthly heart-
orm preventive (selamectin) beginning at 28 days postin-

ection.1 Cats in the second group had marked pulmonary
rteriolar and alveolar inflammation, at times equal in sever-
ty to that observed in the control group. Both groups also
xhibited intermittent signs of lethargy, depression, and dys-
nea. In contrast, cats that received heartworm preventive
ad no clinical signs, and the histological appearance of their

ung tissue was more or less normal. Therefore, elimination
f heartworm larvae before they reach the lungs can prevent
he clinical and pathological changes associated with both
ARD and adult heartworm infections.
Unfortunately, only a small minority of veterinarians reg-

larly prescribes heartworm preventive for cats. In a survey
f 1101 veterinary clinics in the western United States, 13%
ad a clinic policy of recommending heartworm prevention
or feline patients.30 Of a population of pets presented at the
niversity of Pennsylvania teaching hospital from 1999 to
006, a mere 12% of cats were receiving chemoprophylaxis
or heartworm compared with 80% of dogs.31 The nation-
ide number is even worse with �5% of cats receiving pre-
entive, according to an independent market research
roup.32 With knowledge of the detrimental effects that adult
nd larval stages of Dirofilaria immitis can potentially have
n any exposed cat, it is clear that current practices need to be

mproved. There are several highly effective products on the
arket for preventing adult heartworm infections in cats, all
f which belong to the macrocyclic lactone family: ivermec-
in, milbemycin, moxidectin, and selamectin. Alone, or for-
ulated as a combination parasiticide, these monthly medi-

ations offer the added benefit of concomitantly treating
astrointestinal and/or external parasites (Table 2).

anagement Strategies for Veterinarians

eartworm preventives offer a wealth of benefits with few

Table 2. Spectrum of Activity of Commercially Available F

Product (mode of application) Heartworm

Ivermectin (oral) �
Milbemycin oxime (oral) �
Selamectin (topical) �
Moxidectin plus imidacloprid (topical) �
ide effects. Chemoprophylaxis should be administered to all
ats, housed indoors or outdoors, that live in heartworm-
ndemic regions. Cats do not generally need to be heartworm
ested before beginning a heartworm preventive because,
rst, definitive diagnosis is difficult to achieve; second, cats
re not typically patent, eliminating the likelihood of an ad-
erse reaction to preventive treatment; and third, most mac-
ocyclic lactones typically kill microfilariae slowly, again re-
ucing or eliminating the chance of an adverse reaction. The
eterinary profession has been slow to adopt heartworm pre-
entive use in cats. It is important for veterinarians to begin
aking this proactive preventive stance because heartworm
nfection in cats is a multisystemic disease, has no easy cure,
s easily preventable, and macrocyclic lactone heartworm
reventives have a broad spectrum of activity against a vari-
ty of endoparasites and ectoparasites.
Though our understanding of the unique features of feline

eartworm disease has greatly improved in recent years, the
anagement of heartworm-infected cats has not gotten any

impler. Hopefully, with further study into this complicated
isease, more insights will be gained that will guide future clin-
cal practice.
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