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ABSTRACT
Heartworm is a mosquito-borne disease that
affects different mammalian species with
worldwide distribution. The agent, Dirofilaria immitis (Leidy, 1856), infects dogs
from all continents and, in the Americas,
the parasite has been detected in 5 of the 13
countries. The species D immitis harbors
an endosymbiont intracellular bacteria of
the genus Wolbachia, known to be vital for
the worms. These bacteria are sensitive to
tetracycline-like drugs, therefore the use of
antibiotics can affect the worms. The effect
of the use of doxycycline on microfilaremia
of naturally infected microfilaremic dogs
was studied by treating dogs with 3 cycles of
doxycycline (10 mg/kg SID for 21 days) at
6-month intervals. Blood samples were collected on Days 0, 7, 21, and 111 of each cycle and microfilariae detected and counted.
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Thirteen dogs completed 1 cycle, 10 dogs
completed 2 cycles, and 6 dogs completed
all 3 cycles. Five dogs could be sampled at
7 months after the end of the third cycle. All
13 dogs were still microfilaremic while they
were given doxycycline treatment. On Day
111 of the first cycle, 40% became amicrofilaremic and from then on, amicrofilaremic
dogs were always detected. Overall, treatment lowered the microfilariae mean counts,
which can be observed when the 3 cycles are
compared. The microfilariae mean counts
tended to be lower at Day 111 of each cycle,
suggesting that the effect of the antibiotic
on Wolbachia organisms and the consequent
impact on the fitness of the worms is a slow
process. The lowered microfilariae stock
provided by doxycycline-treated dogs (amicrofilaremic dogs and lowered microfilariae
concentrations) may have impaired heartworm transmission once the chances for the
vectors to become infected were reduced.

55

INTRODUCTION
Heartworm is a worldwide-distributed,
mosquito-borne disease that can affect
many different mammal species.1 The adult
worms live preferentially in the pulmonary
arteries where they release the first-stage
larvae (microfilariae) into the bloodstream.2
The microfilariae circulate in the blood of
the dog and are capable of living up to 2.5
years,3 although some dogs never develop
microfilaremia.4
Dirofilaria immitis, like other nematodes of the Onchocercidae family harbor
an intracellular bacteria (Rickettsia) of the
genus Wolbachia.5,6 This bacteria was first
identified infecting Onchocercidae individuals in the 70s7 and is now known to be vital
for the worms development, reproduction,
and survival5,8; therefore, the bacteria is
said to be an endosymbiont of D immitis.
Because the Wolbachia endosimbyont is
important to vital functions of D immitis,
because individuals of the genus Wolbachia
are sensitive to tetracycline and tetracycline-like treatments,9 and because the use
of those antibiotics has been suggested to
reduce transmission of heartworm,10 the effect of doxycycline administered to naturally
infected microfilaremic dogs was studied.
MATERIALS AND METHODS
After the owners’ consent and agreement not
to administer any drug or vaccine to their
dogs without a formal consent provided by
the veterinarians of the study group, a total
of 13 D immitis naturally infected microfilaremic and antigenemic (ELISA-SNAP3DX®, IDEXX) dogs of the same area
(22.92417° S; 42.22431° W) were treated
with 3 cycles of doxycycline (10 mg/kg SID
for 21 days/ PO – Doxifin®, Ouro Fino) at 6month intervals. All dogs were bled on Days
0, 7, 21, and 111 of each treatment cycle
and at 7 months after the end of the third
cycle, for microfilariae detection and count.
Blood samplings were always done according to the same protocol, starting at the same
time and following the same order to avoid
individual daily variations of microfilariae
counts. All dogs were uniquely identified
and data registered, and all the medication
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was administered by the veterinarians. Dogs
were excluded from the protocol when any
of the procedures of a treatment cycle was
missed or if the dogs were treated with
another drug besides doxycycline.
Blood samplings were kept at 4°C until
processing and all samples were examined
by the third day after collection. Microfilariae detections were performed using
modified Knott’s test.11 Smears of 20 µL (25
× 15 mm) of hemolised blood, were fixed
and stained with Giemsa for microfilariae
counts.12 Two slides of each sample were
prepared and always examined (40× magnification) by the same 2 veterinarians. The
final microfilariae count was given by the
mean of the means of the 2 counts of each
examiner and corrected to 1 mL.
Since the distribution of the microfilariae
counts means was shown to be not-normal,
statistical analyses of the means were done
with the Kruskall-Wallis test. The mean of
log(x+1) was used for the graphic presentation to guarantee the proper visualization of
data.13 The numbers of amicrofilaremic dogs
were compared among the cycles by contingency table analysis, with comparisons by
Chi square test (χ2).
RESULTS
The number of dogs included in each of the
3 treatment cycles varied due to migrations,
deaths, or owner’s noncompliance. Thirteen
dogs completed 1 cycle, 10 completed 2
cycles, and 6 completed all 3 cycles. Five
dogs could be sampled at 7 months after the
end of the third cycle.
At the beginning of the study (Day 0 of
the first cycle), the microfilaremia varied
between 150 and 29,800 mf/mL with a mean
of 10,066 mf/mL. During the first cycle
of treatment, the microfilaremia mean of
Days 0 through 21 showed no difference
(H = 0.5302; P = 0.7671; df = 2); however,
the mean observed on Day 111 dropped to
28 mf/mL (H = 28.246; P = 0.000; df = 3)
(Table 1). It is interesting to note that all 13
dogs were still microfilaremic while they
were given doxycycline and that on Day
111, 6 became amicrofilaremic (46%).
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to Days 111 of the different
cycles, microfilariae counts
were shown to be higher than
Day
Cycle 1 (mf/mL) Cycle 2 (mf/mL) Cycle 3 (mf/mL) on Day 111 of Cycles 1 (H =
4.9445; P = 0.0262) and 2 (H
0
10,006a
415b
794b
a
b
b
= 4.3350; P = 0.0373), but
7
8,186
662
735
no
difference was observed
a
b
b
21
10,002
1,160
1,035
in
comparison
to Day 111 of
111
28b
59b
154b
cycle 3 (H = 2.7; P = 0.1003).
Values within columns or lines having different superscript
The number of amicrofilaremic dogs afletters are significantly different (P < 0.05).
ter treatment (Day 111) did not increase durWhen the second treatment cycle started,
ing the 3 treatment cycles, although it varied
3 of the 10 dogs showed no microfilaremia
from 46% (6/13) to 33% (2/6) (χ2 = 0.29; P
and the mean microfilariae count was 415
= 0.865; df = 2). Seven months after the end
mf/mL. There was no difference among
of the third cycle, the number of amicromicrofilaremia means within the second
filaremic dogs (20% [1/5]) was shown to be
treatment cycle, including at Day 111 (H
similar to before the end of the third cycle
= 1.8026; P = 0.6144; df = 3) (Table 1).
(χ2 = 1.12; P = 0.7714; df = 3).
On Day 111, 40% (4/10) of the dogs were
DISCUSSION
amicrofilaremic.
At the beginning of the study, the mean conThe third cycle started with 2 amicrofilacentration of microfilariae was somewhat
remic dogs and the mean microfilariae count
low in comparison to other undisturbed dog
was 794 mf/mL. There was no difference
populations (103 to 105 mf/mL).14 It was inamong microfilaremia means within the
teresting, though, to register a large range in
third treatment cycle, including at Day 111
microfilaria concentration among the dogs,
(H = 0.9921; P = 0.8032; df = 3) (Table 1).
which could only be attributed to the host’s
On Day 111, 33% (2/6) of the dogs were
individual reactions to the worms.
amicrofilaremic.
The fact that the microfilariae mean
At 7 months after the end of the third
counts
did not change during the 21 days
cycle, 1 of the 5 examined dogs was amicroof
doxycycline
treatment of the first cycle
filaremic (20%) and the mean microfilariae
followed
by
a
sharp
drop on Day 111 (3
count was 4,258 mf/mL.
months
after
the
last
doxycycline dose)
Overall, treatment lowered the microfishows
that
Wolbachia
reduction has no
lariae mean counts, which can be observed
immediate
effect
on
microfilariae
concenwhen the 3 cycles are compared (Figure 1).
tration.
It
suggests
that
the
reduction
on
The first cycle microfilariae count means
the
bacterial
concentration
in
the
tissues
were higher than the means of Cycles 2
(longitudinal lateral cords and ovaries) of
(H = 53.0289; P = 0.000; df = 7) and 3 (H
the worms needs time to play its role on mi= 43.1697; P = 0.000; df = 7) (Table 1).
crofilariae. Wolbachia organisms are known
Although no difference was observed among
to be important to guarantee worms vital
microfilaremia levels on Days 111 of the diffunctions,15,16 therefore the treatment with
ferent cycles, a sharp drop in microfilariae
doxycycline probably reduced microfilariae
count was observed from the last doxycylifespan drastically, causing premature death
cline administration day (Day 21) to Day
or destruction of microfilariae that would be
111 of Cycle 1 (H = 18.8099; P = 0.0000)
expected to last for approximately 2 years.3
(Figure 1 & Table 1); such a decrease was
Since Wolbachia organisms are essential for
not observed in Cycles 2 (H = 0.5714; P =
the reproductive fitness of the worms,9,17-19
0.4497) and 3 (H = 1.2564; P = 0.2623).
the treatment must have temporarily sterilWhen the microfilaremia at 7 months after
ized the adult worms (block in embryogenthe end of the third cycle was compared
Table 1. Arithmetic Means of the Microfilaria Count on Canine Blood
Samples of Dogs Receiving Doxycycline Treatment During 21 Days for
3 Cycles at 6-Month Intervals.
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Figure 1. Average microfilariae (mf) concentration in canine blood during doxycycline treatment (3
cycles of 10 mg/kg during 21 days, every 6 months).

esis), halting new microfilariae releases to
the bloodstream. Therefore, the reduction
in lifespan associated to the lack of microfilariae release to the bloodstream probably
determined the sharp drop on microfilariae
concentration on Day 111.
Cycles 2 and 3 showed similar microfilariae concentrations that suggested that
the doxycycline treatment pressure upon the
worms halted the build up on microfilariae.
Although no difference could be detected,
Cycle 3 concentrations being somewhat
higher than Cycle 2 concentrations may
suggest a build up of Wolbachia resistance to the treatment as has been detected
before.17,20,21 This possibility gains strength
by the fact that when treatment ceased (10
months after the last doxycycline dose
of Cycle 3), microfilariae concentration
increased when compared to Days 111 of
Cycles 1 and 2, but no difference was shown
when compared to Day 111 of Cycle 3. This
possibility must be carefully considered
once the number of dogs included in the
cycles dropped from 13 in the first cycle to 6
in the third.
The lowered microfilariae stock (low
microfilariae concentrations and amicrofilaremic dogs) provided by doxycycline-treated
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dogs to the mosquito vectors may have determined an important impact on heartworm
transmission, once a heartworm’s life cycle
is mainly dependent upon microfilaremic
dogs, despite abundance of vectors, environment conditions, and susceptible population
being important as well.22,23 Therefore, the
use of tetracycline and tetracycline-like
treatments, as suggested before,10 seems to
have the potential of impairing heartworm
transmission.
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