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Asia-Pacific Serological Survey of Canine Heartworm Disease Based

on In-clinic SNAP® Heartworm RT and SNAP® 4Dx® Plus Test Resuts, % Heartworm Antigen Positive
2013-2017

Jennifer Braff?, Li-Wen Chang®, Ramaswamy Chandrashekar?, and Jesse S. Buch? Th a | I an d
“IDEXX Laboratories, Inc., Westbrook, Maine, USA; PIDEXX Laboratories, Inc., Taipei, Taiwan

Introduction

Canine heartworm, caused by infection with mosquito-borne Dirofiaria immitis, poses a significant health fisk for dogs Tal wan
throughout the world. Although chemoprophylactic medications can reduce the incidence of this serious disease, heartworm
continues to be prevalentin many parts of the Asia-Pacific region.

The goal of this observational study was to evaluate Asia-Pacific regional geographic and temporal variation in canine S th K
heartworm antigen test results over a five-year period. ou orea

Methods

Canine heartworm antigen test results spanning a period of five \ :

yoars 2013-2017) wera obtainea flom an mematonaldatabase . Singapore
of SNAP® Heartworm RT and SNAP® 4Dx® Plus Test results from - B

veterinary clinics. Repeat test results for a single patient and data

from countries with less than one hundred available results were

excluded. Data was included from at least 520 locations across

twelve Asia-Pacific countries. Results are shown as proportion | Phi Ilpp ines

positive with 85% exact binomial confidence intervals.

SNAP® Heartworm Tests. iated accuracy

rr— Myanmar

'SNAP 40x Plus 99.0% Results sourced from over 500 locations in twelve countries.
Results

I the Asi-Pacic regon, et Resut by Courtey Malaysia
1in 22 (4.5%) dogs tested 2013-2017

positive for heartworm antigen

(95% C1 4.4%-4.5%, n=479,738).

5 Heartworm Antigen Positive Ja pan

‘ India

Philpoines

Hong Kong

China

Conclusions
« Results from this study indicate that the proportion of positive heartworm antigen test results varies greatly by country, likely .
el veraon b pfavnce ndesin osioen Australia

- These findings underscore that dogs within the Asia-Pacific region are at risk for heartworm infection and the importance of
regular screening and use of preventatives to mitigate this risk.
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EST.1974

The Trend Over Time

Average number of cases per reporting clinic
[]<1 case/clinic B 26-50 cases/clinic

1-5 cases/clinic M 5199 cases/clinic
6-25 cases/clinic M 100+ cases/clinic

2007

2013
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2019 Heartworm Incidence Survey Findings:
The Southeast has the highest incidence

0/, of dogs tested in
9°.7 /0 wississipel

had heartworms

Top 10 States
for Heartworm
Incidence

1. Mississippi
2. Louisiana
3. South Carolina
4. Arkansas

5. Alabama
6. Texas of dogs tested in

7. Tennessee of dogs tested in SOUTH CAROLINA
8. Georgia LOUISIANA had heartworms

9. North Carolina
10. Oklahoma had heartworms

AMERICAN
HEARTWORM

¢ ?s?uleTY" www.heartwormsociety.org
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Current Canine Guidelines for the

Prevention, Diagnosis,

and Management of # §f ¥
Hea rtWOI’m (Dirofilaria immitiS)(&‘ :

Infection in Dogs
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Treatment

Treatment

Dog diagnosed and verified as heartworm positive:
o Positive antigen (Ag) test verified with microfilaria (MF) test
o If no microfilariae are detected, confirm with 2 Ag test from a different manufacturer

Begin exercise restriction.
® The more pronounced the signs, the stricter the exercise restriction

If the dog is symptomatic:

o Stabilize with appropriate therapy and nursing care

o Prednisone prescribed at 0.5 mg/kg BID 1st week, 0.5 mg/kg SID 2nd week, 0.5 mg/kg
EOD 3rd and 4th weeks

In a dog diagnosed and verified as heartworm positive:
® Positive antigen (Ag) test verified with microfilaria (MF) test
o If no MF are detected, confirm with second Ag test from a different manufacturer
an EPA-registered canine topical product labeled to repel and kill mosquitoes
Begin exercise restriction—the more pronounced the signs, the stricter the exercise restriction
If the dog is symptomatic:
* Stabilize with appropriate therapy and nursing care
o Prednisone prescribed at 0.5 mg/kg BID first week, 0.5 mg/kg SID second week, 0.5 mg/kg
every other day (EOD) for the third and fourth weeks

Administer heartworm preventive.

o If microfilariae are detected, pretreat with antihistamine and glucocorticosteroid,
if not already on prednisone, to reduce risk of anaphylaxis

® Observe for at least 8 hours for signs of reaction

® Administer appropriate heartworm preventive
© If MF are detected, pre-reat with antihistamine and glucocorticosteroids,
if not already on prednisone, to reduce risk of anaphylaxis
o Observe for at least 8 hours for signs of reaction

Days 1-28

Administer doxycycline 10 mg/kg BID for 4 weeks.
® Reduces pathology associated with dead heartworms
o Disrupts heartworm transmission

Day 30

Administer heartworm preventive.

® Administer doxycycline 10 mg/kg BID for 4 weeks
o Reduces pathology associated with dead heartworms
o Disrupts heartworm transmission

o Administer appropriate heartworm preventive
I' Apply an EPA-reqiitered canine topical product to repel and k;ll mosquitoes 1

Day 60

Administer heartworm preventive.

First melarsomine injection 2.5 mg/kg intramuscularly (IM)

Prescribe prednisone 0.5 mg/kg BID 1st week, 0.5 mg/kg SID 2nd week, 0.5 mg/kg EOD
3rd and 4th weeks.

Decrease activity level even further.

¢ Cage restriction/on leash when using yard

A one-month wait period following doxycycline before administering melarsomine is currently
recommended as it is hypothesized to allow time for the Wolbachia surface proteins and other
metabolites to dissipate before killing the adult worms. It also allows more time for the worms
to wither as they become unthrifty after the Wolbachia endosyrn_bionts are (iminuted

Administer heartworm preventive.
Second melarsomine injection 2.5 mg/kg IM

© Administer appropriate heartworm preventive

© Administer first melarsomine injection, 2.5 mg/kg intramuscularly (IM)

® Prescribe prednisone 0.5 mg/kg BID first week, 0.5 mg/kg SID second week,
0.5 mg/kg EOD for the third and fourth weeks

* Decrease activity level even further: cage restriction; on leash when using yard

Third melarsomine injection 2.5 mg/kg IM

Prescribe prednisone 0.5 mg/kg BID 1st week, 0.5 mg/kg SID 2nd week, 0.5 mg/kg EOD
3rd and 4th weeks.

Continue exercise restriction for 6 to 8 weeks following last melarsomine injections.

o Administer appropriate heartworm preventive

o Administer second melarsomine injection, 2.5 mg/kg IM
Prescribe prednisone, 0.5 mg/kg BID first week, 0.5 mg/kg SID second week, I
0.5 mg/kg EOD for the third and fourth weeks

© Administer third melarsomine injection, 2.5 mg/kg IM
 Continue exercise resriction for 6 to 8 weeks following last melarsomine injections

Test for presence of microfilariae.
o If positive treat with a microfilaricide and refest in 4 weeks

Establish year-round heartworm prevention.

o Test for presence of MF
olf positive treat with a microfilaricide and retest in 4 weeks

* Continue a year-round heartworm prevention program based on risk assessment described
in prevention section

Antigen test 6 months after completion; screen for microfilariae.

© Antigen test 9 months after last melarsomine injection; screen for MF
o If still Ag positive, re-treat with doxycycline followed by two doses of melarsomine

24 hours apart
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Decision—Making Considerations
for Heartworm Management in Shelter Dogs AHS

AMERICAN
HEARTWORM
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https://www.shelterhwtool.com/



Table 1. Adulticidal Protocol Comparison

SHELTER VETERINARIANS™

Heartworm Management
Last Reviewed August 2019

Resources Reviewed June 2020

Adulticidal

Treatment

Materials

Cost of

Total

imidacloprid (10 mg/kg)
applied topically once per
month; doxycycline hyclate 10
mg/kg q12h orally x 30 days

«High cost of care (>$150)

Protocol D Efficacy Duration Advantages Disadvantages Cost? Care® Cost¢ References
Split dose Melarsomine dihydrochloride No data N/A Decreased severity of pulmonary 2 months activity restriction $145 N/A N/A | Kramer 2011
i 2.5 mg/kg il available. pathology and reduced thrombi Nelson 2017
(3inj.) + injection on Day 1, repeat on *Reduced respiratory complications and
doxycycline Days 30 and 31; doxycycline disease-related deaths
hyclate 10 mg/kg q12h orally x *No risk of resistance
30 days
Melarsomine dihydrochloride 93% 9 mos. +Decreased severity of pulmonary «2 months activity restriction $269 $1,350 | $1,619 | McCall 2008
2.5 mg/kg intramuscular pathology and reduced thrombi eHigh cost of care (>$150) Kramer 2011
injection on Day 1, repeat on *Reduced respiratory complications and Nelson 2017
Days 30 and 31; intermittent disease-related deaths
doxycycline hyclate 10 No risk of resistance
mg/kg/day?; ivermectin 6 *High adulticidal efficacy
mcg/kg orally weekly
Split-dose Melarsomine dihydrochloride 99% 31days *No risk of resistance *2 months activity restriction $135 $130 $265 Zoetis 2017,
i 2.5 mg/kgi «High adulticidal efficacy Merial 2010
(31inj.) injection on Day 1, repeat on
Days 30 and 31
Melarsomine dihydrochloride 100% 31days *No risk of resistance +2 months activity restriction $135 $130 $265 McCall 2008
2.5 mg/kg intramuscular High adulticidal efficacy
injection on Day 1, repeat on
Days 30 and 31
Standard dose | Melarsomine dihydrochloride No data N/A 1 month activity restriction sLess adulticidal efficacy $100 N/A N/A
i 2.5 mg/kg available. No risk of resistance compared to split-dose protocols
(2inj.) + injection on Day 1, repeat on
doxycycline Day 2; doxycycline hyclate 10
mg/kg q12h orally x 30 days
Standard dose | Melarsomine dihydrochloride 91% 48 hrs. *1 month activity restriction *Decreased efficacy compared to $90 $10 $100 Zoetis 2017,
i 2.5 mg/kgi «No risk of resistance split-dose protocols Merial 2010
(2inj.) injection on Day 1, repeat on sLow materials costs (<5100)
Day2 High adulticidal efficacy
Single dose Melarsomine dihydrochloride 52% Single *No risk of resistance *Poor adulticidal efficacy $45 $5 $50 Zoetis 2017,
i 2.5 mg/kgi treatment | sLow materials costs (<$100) Merial 2010
(Linj.) injection eSingle injection
Moxidectin + | Moxidectin (2.5 mg/kg) + 36% 6 mos. «Decreased upfront materials costs «Prolonged activity restriction $82 $900 $982 | Bendas 2017
imidacloprid + | imidacloprid (10 mg/kg) «Poor adulticidal efficacy
doxycycline applied topically once per *High cost of care (>$150)
month; doxycycline hyclate 10
mg/kg q12h orally x 30 days
Moxidectin (2.5 mg/kg) + 62% 11mos. | eDecreased upfront materials costs «Prolonged activity restriction $137 $1,650 | $1,787 | Ames2017
imidacloprid (10 mg/kg) Poor adulticidal efficacy
applied topically once per «High cost of care (>$150)
month; doxycycline hyclate 10 eIncreased coughing during
mg/kg/day x 15 days treatment compared to
ine protocols
Moxidectin (2.5 mg/kg) + 96% 10mos. | *High adulticidal efficacy «Prolonged activity restriction $130 $1,500 | $1,630 | Savadelis 2017

mg/kg/day*

«Potential for increased risk of
resistance

«Poor adulticidal efficacy
+High cost of care (>$150)

Moxidectin (2.5 mg/kg) + 100% 9 mos. «High adulticidal efficacy «Prolonged activity restriction $118 $1,350 | $1,468 | Chandrashekar
imidacloprid (10 mg/kg) *High cost of care (>$150) 2014
applied topically once per
month; doxycycline hyclate 10
mg/kg q12h orally x 30 days
Moxidectin + Moxidectin (2.5 mg/kg) + No data N/A eDecreased upfront materials costs *Prolonged activity restriction N/A N/A N/A
imidacloprid | imidacloprid (10 mg/kg) available.
applied topically once per
month
Moxidectin (2.5 mg/kg) + No data N/A eDecreased upfront materials costs *Prolonged activity restriction N/A N/A N/A
imidacloprid (10 mg/kg) available.
applied topically every 2 weeks
Ivermectin + Ivermectin (6 mcg/kg) orally No data N/A eDecreased upfront materials costs *Prolonged activity restriction N/A N/A N/A Bowman 2012
doxycycline once per month; doxycycline available. «Potential for increased risk of
hyclate 10 mg/kg q 12h x 30 resistance
days
Ivermectin (6 mcg/kg) orally g 73% 10 mos. | sLow materials costs (<$100) «Prolonged activity restriction 560 $1,500 | $1,560 | Grandi2010
15 days; doxycycline hyclate 10 ePotential for increased risk of Bowman 2012
mg/ke q 12h x 30 days resistance
*Poor adulticidal efficacy
+High cost of care (>$150)
Ivermectin (6 mcg/kg) orally 78% 9 mos. «Decreased upfront materials costs «Prolonged activity restriction $134 $1,350 | $1,484 | McCall 2008
weekly + intermittent «Potential for increased risk of Bowman 2012
doxycycline 10/mg/kg/day? resistance
*Poor adulticidal efficacy
*High cost of care (>$150)
Moxidectin Moxidectin (0.17 mg/kg) No data N/A «Single injection «Prolonged activity restriction 520 N/A N/A
subcutaneous injection every 6 | available.
months
Ivermectin Ivermectin (6 mcg/ke) orally 20% 9 mos. «Decreased upfront materials costs «Prolonged activity restriction $180 $1,350 | $1,530 | McCall 2008
once per week *Potential for increased risk of Bowman 2012
resistance
«Poor adulticidal efficacy
«High cost of care (>$150)
Ivermectin (6 mcg/kg) orally 56% 16 mos. | eLow materials costs (<$100) «Prolonged activity restriction $80 $2,400 | $2,480 | McCall 1998
once per month «Potential for increased risk of Bowman 2012
resistance
«Poor adulticidal efficacy
*High cost of care (>$150)
D 10 9% 9 mos. «Low materials costs (<$100) «Prolonged activity restriction s44 $1,350 | $1,394 | McCall 2008

Bowman 2012

a = Cost for treatment of a 20kg dog at the following rates: melarsomine - $23/ml; doxycycline - $42/30 days;
labeled monthly ivermectin heartworm preventive - $5/dose; topical moxidectin + imidacloprid - $12/dose
b = Cost of care estimated at $5 per day

¢ = Total cost = Materials cost + Cost of care
d = Intermittent doxycycline protocol = administration during weeks 1-6, 10-11, 16-17, 22-25, 28-33
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See MOSQUITO CONTROL
Option 1 ; option 3
\
Topical Moxidectin + Sustained-release Injectable lvermectin® + Doxvevcline
Doxycycline Moxidectin + Doxycycline yey

R:f%ggg dgfn;cg]?gg‘t; :gglrti1cgal Reports demonstrate adulticidal efficacy of 90% Adulticidal efficacy of ivermectin and doxycycline

Y months ° after 12 months. combination therapy ranges from 73-78%

\

Efficacy of Non-arsenical Adulticide Protocols Table 1. Adulticidal Protocol Comparison
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An Accessible Alternative to
Melarsomine: “Moxi-Doxy” for
Treatment of Adult Heartworm
Infection in Dogs

Linda S. Jacobson™ and Brian A. DiGangi?

' Shelter Medicine Advancement, Toronto Humane Society, Toronto, ON, Canada, ? Shelter and Veterinary Services,
American Society for the Prevention of Cruelty to Animals, New York, NY, United States

Moxi—-Doxy= Moxidectin + Doxycycline
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Ciuca et al. Parasites & Vectors (2023) 16:54 Parasites & Vectors
https://doi.org/10.1186/513071-023-05673-9

RESEARCH Open Access

: ®
Efficacy of oral, topical and extended-release ==

injectable formulations of moxidectin combined
with doxycycline in Dirofilaria immitis naturally
infected dogs

Lavinia Ciuca', Alice Vismarra?", Dario Constanza', Antonio Di Loria', Leonardo Meomartino', Paolo Ciaramella',
Giuseppe Cringoli', Marco Genchi?, Laura Rinaldi' and Laura Kramer?

Abstract

Background Several studies in both experimentally and naturally infected dogs have reported the adulticide effect
of a combination of macrocyclic lactones and doxycycline against Dirofilaria immitis, showing that these protocols
can be used as an alternative to melarsomine. The present study evaluated the efficacy of oral, topical and extended-
release injectable formulations of moxidectin when combined with doxycycline in dogs naturally infected with D.
immitis from a shelter located in southern Italy.

Methods Thirty dogs with naturally acquired D. immitis infection were divided in three groups (G) and treated with
oral moxidectin (G1) once a month for 9 consecutive months, topical moxidectin (G2) once a month for 9 consecutive
months or extended release moxidectin injectable (G3) at enrolment and again at 6 months (Day 180). All treatment
groups received doxycycline for the first 30 days. Microfilarial concentrations in 1 ml (mff/ml) blood were determined
monthly for 9 months with the modified Knott’s test. A clinical scoring system was employed for each dog enrolled
in the study based on thoracic radiography and cardiac ultrasound (CU) examinations performed at Day — 15 (before
treatment) and at Day 180.

Results Results from the present study suggest that the majority of dogs from all treatment groups became antigen
negative, as evaluated at Day 270: 9/10 dogs (90.0%) from G1, 6/10 dogs (60.0%) from G2 and 8/10 dogs (80.0%)
from G3. Improvement of radiographic alterations was observed in all treatment groups, and almost all dogs were
cleared of pulmonary abnormalities by 6 months from the beginning of treatment (P=0.000). Cardiac ultrasound
examination showed a progressive improvement of cardiac function in a limited number of animals (4/30).
Conclusions The combination of doxycycline and three different formulations of moxidectin leads to antigen-
negative status in naturally infected dogs.

Keywords Dirofilaria immitis, Moxidectin, Doxycycline, Spot-on, Oral, Injectable

*Correspondence: Background
Alice Vismarra Canine heartworm disease (HWD) is caused by the filar-

alicevismarra@uniprit . . Lo . .
Department of Veterinary Medicine and Animal Production, University ial nematode Dirofilaria immitis, a vector-borne parasite

of Naples Federico Il Via Federico Delpino 1, 80137 Naples, Italy transmitted by several mosquito species, and is endemic
2 Department of Veterinary Medicine Sciences, University of Parma, Strada in many parts of the world [1]. The presence of adult
delTaglio, 10, 43126 Parma, laly worms in the pulmonary arteries of infected dogs causes

©The Author(s) 2023. Open Access This article s licensed under a Creative Commons Attribution 40 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, s long as you give appropriate credit to the:
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (httpy/creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Day 0

Initiate treatment

Day 365

Test for antigen and
microfilariae
Y
Antigen OR
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FIGURE 2 | Suggested approach to retesting following adulticide treatment of
heartworm infection with moxidectin and doxycycline.
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