Influence of Immunosuppressants against Dirofilaria immitis Infection in Dogs
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ABSTRACT. Two immunosuppressive drugs, azathiopurine (AZP) and prednisolone (PDS), were
examined on dogs experimentally infected with Dirofilaria immitis in order to estimate the involvement
of immunological assail in rejecting the parasite by the host. AZP was orally administered to 3 dogs
daily at a dosage of 1-10 mg/kg for a period from 3 days before infection until the end of the
experiment. The dose was then varied and transiently ceased according to the severity of the side
effects. PDS was subcutaneously administered daily to 2 dogs. They were administered 10 mg/kg of
PDS from 3 days before infection to day 15 and 5.0-8.5 mg/kg from day 60 after infection to day 70. The
serum D. immitis-specific antibody level assessed by an indirect hemagglutination test was steadily
decreased in the AZP-medicated dogs. However, in the PDS-medicated dogs, the antibody titer was
decreased until day 32 and, thereafter, was recovered. When all dogs were sacrificed between days
145-148, an average recovery rate of worms in both the AZP- and PDS-medicated dogs was 52.5% and
49.6%, respectively, while the controls showed 42.5%. The statistical analysis revealed no significant
difference among the groups, indicating that the administration of AZP and PDS was not effective in
protecting the larvae from the host’s immune attack.—KEY wWoRrps: azathiopurine, Dirofilaria immitis,
dog, immunosuppressant, prednisolone.
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In our previous studies, about 40% of the ~ months old and free from D. immitis infec-

inoculated larvae of Dirofilaria immitis were
confirmed to reach the heart in dogs in
experimental infection [10-12]. In these
dogs inoculated, an antibody specific to D.
immitis was produced against the excretory
and secretory products released during the
fourth molting stages of the larvae [10, 11].
Thus, it is conceivable that the remaining
inoculated larvae (about 60%) might be
failed to grow by some protective mechan-
ism of the host including immune-mediated
one. Therefore, the present study was car-
ried out to estimate the role of the canine
immune system in the rejection of D.
immitis larvae in dogs administered im-
munosuppressive drugs.

MATERIALS AND METHODS

Dogs: Seven mongrel dogs, aged 4-8

tion, were used in this study.

Infective larvae: Infective larvae (L;) of
D. immitis were obtained from Aedes togoi
experimentally infected with D. immitis and
were subcutaneously inoculated according
to a previous report [11].

Immunosuppressive drugs and schedule of
administration and experimental infection:
Azathiopurine (AZP) and prednisolone
(PDS) were used in this study. AZP is
commercially marketed as Imuran™
(Tanabe Seiyaku Co., Osaka). One tablet of
Imuran ™ contains 50 mg of pure AZP as a
derivative of 6-mercaptopurine.

Three dogs (group 1) were orally adminis-
tered 1 mg/kg of AZP daily from 3 days
before the inoculation until day 7 after the
inoculation. The oral dose was then gradual-
ly increased on day 8 and reached 10 mg/kg,
as a maximum dose, on day 45 of the



956

infection. The medication was transiently
ceased or the dose was reduced when an
adverse reaction appeared. When the
adverse reactions were abated or dis-
appeared, the drug was administered again.
On day 0, the 3 dogs were experimentally
infected with 252, 209 or 216 of L3, respec-
tively. PDS (Takeda Yakuhin Co., Osaka)
were subcutaneously injected into 2 dogs
(group 2) in two phases. The first phase
involved the administration of 10 mg/kg
daily from 3 days before infection until day
15 of the infection. The second phase
involved the administration of 8.5 mg/kg to
one dog (No. 4) and 5 mg/kg to another dog
(No. 5) on day 60 through 70 of the
infection. Each injection of PDS was alter-
nately administered into the sides of the
body in attempts to avoid any dermatologic-
al side effects. They were experimentally
infected with 191 or 194 of L; on day O,
respectively.

Two dogs (group 3) were inoculated with
161 or 159 of L; as the control group.

All 7 dogs were housed in a mosquito-
proof room and fed a commercial dog food
and normal tap water ad lib. during the
study .

White blood cell (WBC) counts: Adverse
reaction of AZP was monitored by means of
WBC counts.

Serology: The antibody production spe-
cific to D. immitis was monitored at various
postinfection intervals by means of the
indirect hemagglutination (IHA) test,
according to the method of Hayasaki [9].

Worm recovery: All dogs were sacrificed
on the final day (between day 145-148) of
the experiment and the numbers of the
parasitic adult worms found in the right
ventricle and pulmonary arteries were
counted. The effects of 2 drugs against D.
immitis infection were assessed by calculat-
ing the means of the rate of recovery from
worm infection.

Statistical analysis: The experimental data
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were statistically analyzed based on Stu-
dent’s ¢ test.

RESULTS

Administration of drugs and clinical
findings of dogs: The dogs of group 1
showed several side effects throughout the
observation period. Time course changes of
the WBC count are shown in Fig. 1. These
data indicate the AZP induced a strong
adverse reaction in the dogs.

Dog No. 1 indicated severe anorexia and
dullness on day 34 when the administrations
of 4 mg/kg of AZP were  continuously
administered. Therefore, administration of
the drug was ceased. Nevertheless, the dog
succumbed to the complications on day 35.
Dog No. 2 showed a marked leucopenia of
3,500/mm?> on day 39 of the infection, after
the oral dose reached 4 mgkg of AZP.
Therefore, the medication was stopped until
the number of the leucocytes increased (day
48). This dog indicated moderate but wide-
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Fig. 1. Diagrammatic relation in dose (mg/kg) of
azathiopurine administration and WBC counts
(x1.000) of the three dogs in group 1. Arrows
show the inoculation of D. immitis L.
Remarks: 1: Dog No. 1 died on day 35 as a result
of a severe adverse reaction to the drug. *:
Administration of 10 mg/kg of prednisolone was
taken the place of azathiopurine administration at
the onset of the adverse reaction.
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spread dermatitis throughout the course of
the drug administration. Dog No. 3 was
initially given a low dose of AZP which was
gradually increased until it reached 10 mg/
kg (day 43). However, administration of the
drug was halted on day 44 when a fungal
diarrhea was observed. Antibiotics were
- administered for treatment (Trichomycin,
Fujisawa Yakuhin Co., Osaka). Once the
clinical findings stabilized, AZP was readmi-
nistered at a dose of 5 mg/kg (day 54). In
this dog, the drug course was halted a
further 2 times as a result of anorexia,
dullness, hemorrhaging and severe, wide-
spread dermatitis. Due to these complica-
tions, administration of the drug was
changed to PDS (day 108) until the end of
the experiment period (Fig. 1).

Each dog in group 2 showed acute der-
matitis and marked alopecia around the
injection sites. After the first phase of the
administration, these side effects dis-
appeared. During the second phase of drug
administration, severe dermatitis with
hemorrhagic and purulent inflammation of
the skin was noted. Each dog received one
injection of an antibiotic (Tylocin, Takeda
Yakuhin Co., Osaka) which sufficiently
cleared up the symptoms.

Production of D. immitis-specific anti-
body: Time course changes of the antibody
production of the experimental dogs during
the observation period are shown in Fig. 2.

The AZP-medicated dogs (group 1)
showed the suppression of the antibody
production throughout the observation
period. The PDS-medicated dogs (group 2)
consistently showed a reduction of the
antibody titer after the first phase of admi-
nistration until day 32. These data indicate
that a steady suppression of the antibody
production was induced in groups 1 and 2.
In group 2, a substantial amount of antibody
production was observed from day 50,
suggesting that the second pase of adminis-
tration failed to suppress the antibody pro-
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Fig. 2. Indirect hemagglutinating antibody produc-
tions of dogs administered with azathiopurine 1-10
mg/kg/day (A) and predrisolone 5-10 mg/kg/day
(B), and controls (C). Arrows show the inoculation
of D. immitis Ls.

duction. The dogs in the control group
consistently produced the specific antibody
during the experiment.

Worm recovery: The recovery rate was
determined by dividing the number of adult
worms obtained from the dog’s heart by the
number of L; inoculated (Table 1). The
AZP- and PDS-medicated dogs showed an
average recovery rate of 52.5% and 49.6%,
respectively, whereas the control dogs
showed an average recovery rate of 42.5%.
The statistical analysis indicate that there is
no significant difference among the three
groups.

DISCUSSION

The dose range of AZP for the treatment
of immune diseases is from 2.0 to 2.2 mg/kg
in dog and cat cases [8], while that of PDS is
from 1.0 to 4.0 mg/kg in dog and cat cases
[8]. Comparing to these dosage, 1 to 10
mg/kg (average 4 to 5 mg/kg) of AZP and 5
to 10 mg/kg of PDS used in this study were
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Table 1. Worm recovery in dogs infected with Dirofilaria immitis after administration of immunosuppressants

Worm recovery

Grou Dog No. Period(Days)
p No. of Ls at necropsy Total No. of Worm recovery
after worms(Male/Female) rate (%)
infection
Individual  Mean(SD)

Azathiopurine 1 252 — — — 52.5(4.8) -
2 209 146 120(44/76) 57.4
3 216 145 103(42/61) 47.7

Prednisolone 4 191 148 90(40/50) 471 49.6(2.5)
5 194 148 101(47/54) 52.1

Control 6 161 146 75(35/40) 46.6 42.5(4.1)
7 159 146 61(25/36) 38.4

Dog No. 1 died on day 35, as a result of a severe adverse reaction to the drug.

There is no significant' difference among the groups.

considerably high doses. In group 1, the D.
immitis-spceific antibody production was
prevented during the experiment, indicating
that the host’s immune résponse was sup-
pressed by the drug. The suppression of
host’s immune response was also supposed
by the decrease of WBC counts and the
occurrence of acute prulent dermatitis. In
group 2, the antibody production was sup-
pressed by the first phase of administration
until about one month after the inoculation.
However, subsequently, the antibody titer
was increased with no effects of the second
phase of the administration on antibody
production. These phenomenon may lead to
the hypothesis that the B-lymphocytes of
the dogs were already sensitized by L,, as an
antigen, during the interval between the first
and second phase of PDS administration,
since the B-lymphocytes not yet sensitized
by an antigen are susceptible to the steroid
hormone, while the B- lymphocytes already
sensitized are less susceptible [1-3, 5, 13,
17-19]. To the contrary, in group 3, the
antibody adequately produced after the
inoculation of Lj.

The worm recovery rate in group 1 and in
group 2 was 10% and 7% higher than that in
the control group, respectively, although
there is no significant difference among the
three groups. However, the results obtained

in this study did not provide sufficient
evidence on the acceleration of larval de-
velopment as a result of the immunosup-
pressive drug. These findings may indicate
that, in dogs as a definitive host, the
immunological attack against the larvae of
D. immitis may weakly disturb the develop-
ment of the larvae, although some immuno-
logical problems still remain to be studied.
The mechanism which is unsusceptible to
the immunosuppressive drug may be in-
volved in the immunoprotectivity of dogs to
D. immitis infection and the immunosup-
pressive drugs may be ineffectual for reci-
pient dogs in suppressed immune response
to D. immitis infection, or the design of drug
administration may not be suitable. As in
other parasitic infections [4, 7, 21, 22, 24,
25], dogs with D. immitis infection usually

show an depressed cell-mediated immune

response [6, 10, 23], although a specific
antibody with parasiticidal effects was pre-
dominantly produced.

In contrast, the immunoprotectivity
against D. immitis infection may be a
principal mechanism to refuse the parasitic
infection in underfinitive hosts [14-16], be-
cause rodents steadily rejected the infection
of D. immitis L;. Wong [26] also suggested a
role of immunoprevention of monkeys.
According to their report, the macaques
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monkeys were medicated with 10 mg/day of
PDS, which was the equivalent to approx-
imately 3 mg/kg/day and then experimental-
ly infected with 90 to 100 L3 of D. immitis.
The resulting worm recovery count showed
positive infection with 1.1 to 3% of recovery
rate, while monkeys of the control group
never permitted the infection. Additionally,
the cats permitted very slight percentage
(0.4%) of D. immitis Ls infection [20].
These data suggest that the immunoprotec-
tion mechanism of the undefinitive host may
play an important role in prevention of
parasitic infection.

The difference of infectivity between de-
finitive and undefinitive hosts was also
revealed in Angiostrongylus cantonensis in-
fection to rat and to the guinea pig [27-30].

Further studies, therefore, are necessary
to determine a role of immunoprotectivity
in a definitive host against D. immitis
infection in dogs. '

REFERENCES

1. Berglund, K. 1962. Inhibition of antibody forma-
tion by prednisolone. Acta. Pathol. Microbiol.
Scand. 55: 187.

2. Berglund, K. 1965. Studies on the induction phase
of antibody formation. p 405. In: Molecular and
Cellular Basis of Antibody Formation (Sterzl, J.
ed.), Academic press. N.Y.

3. Cohen, J. J. and Claman, H, N. 1971. Thymus-
marrow immunocompetence. V. Hydrocortisone-
resistance cells and processes in the hemolytic
antibody response of mice. J. Exp. Med. 133:
1026-1034.

4. Dalesandro, D. A. and Klei, T. R. 1976. Evi-
dence for immunodepression of syrian hamster
and mongolian jirds by Dipetalonema viteae infec-
tion. Trans. Roy. Soc. Trop. Med. Hyg. 70:
534-535.

5. Dukor, P. and Dietrich, F. M. 1968. Characteris-
tic features of immunosuppression by steroids and
cytotoxic drugs. Int. Arch. Allergy 34: 32-48.

6. Grieve, R. B., Gebhardt, B. M., and Bradley, R.
E. Sr. 1979. Dirofilaria immitis: Cell-mediated
and humoral immune responses in experimental-
ly-infected dogs. Int. J. Parasitol. 9: 275-279.

7. Grove, D. I. and Forbes, I. J. 1979. Immunosup-
pression in bancroftian filariasis. Trans. Roy. Soc.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Trop. Med. Hyg. 73: 23-26.

Hayama, T. 1988. A clinical pharmacology for
small animal practice. pp. 773-886. In: A Manual
of Veterinary Medicine (Tomoda, 1. et al. eds),
Kodansha, Tokyo (in Japanese).

Hayasaki, M. 1981. Indirect hemagglutination
test for diagnosis of canine filariasis. Jpn. J. Ver.
Sci. 43: 21-26.

Hayasaki, M., Nakagaki, K., Kobayashi, S., and
Ohishi, I. 1981. Immunological response of dogs
to Dirofilaria immitis infection. Jpn. J. Vet. Sci.
43: 909-914 (in Japanese).

Hayasaki, M. 1982. Reaginic and hemagglutinat-
ing antibody production in dogs infected with
Dirofilaria immitis. Jpn. J. Vet. Sci. 44: 63-70.
Hayasaki, M. and Ohishi, I. 1989. Influence of
immune treatments against Dirofilaria immitis
infection in dogs. Jpn. J. Vet. Sci. 51: 540-546.
Kishimoto, S. 1973. Immunosuppresive drugs. J.
Pract. Pharmacy 24: 551-556 (in Japanese).
Pract. Pharmacy 24: 551-556 (in Japanese).
Kobayakawa, T. and Ishiyama, H. 1974.:Delayed
hypersensitivity to Dirofilaria immitis. 1I. Blast
transformation test. Jpn. J. Parasitol. 23:
226-231.

Kobayakawa, T., Ishiyama, H., and Senda, F.
1973. Delayed hypersensitivity to Dirofilaria im-
mitis. 1. Migration inhibition test. Jpn. J. Para-
sitol. 22: 369-374.

Kobayakawa, T., Kobayashi, T., and Ishiyama,
H. 1974. Delayed hypersensitivity to Dirofilaria
immitis. TI1. The in vitro cytotoxic activity of
sensitized lymphocytes and their effect upon the
mortality of microfilariae in diffusion chambers
implanted intraperitoneally into guinea pigs. Jpn.
J. Parasitol. 23: 300-305.

Levine, M. A. and Claman, H. N. 1970. Bone
marrow and spleen: Dissociation of immunologic
properties by cortisone. Science 167: 1515-1517.
Matsuoka, Y. 1975. Immunological unresponsi-
bility and suppression of immune response. pp.
635-622. In: Immunochemistry (Yamamura, Y.,
Ishizaka, K., et al. eds.), Asakura Publ. Co.
Tokyo (in Japanese).

Morisawa, S. 1973. Mechanism of action of
immunosuppressive drugs. Clin. Immunol. 5:
15-24 (in.Japanese).

Ohishi, I., Kobayashi, S., and Kume, S. 1965.
Susceptibility of dogs and cat to Dirofilaria
immitis infection. Jpn. J. Vet. Sci. 27: 407 (in
Japanese).

Ottesen, E. A. Weller, P. F., and Heck, L. 1977.
Specific cellular unresponsiveness in human
filariasis. Immunology 33: 413-421.

Portaro, J. K., Britton, S., and Ash, L. R. 1976.
Brugia Pahangi: Depressed mitogen reactivity in
filarial infections in the jird, Meriones unguicula-



960

23.

24,

25.

26.

E:3

M. HAYASAKI AND 1.

tus. Exp. Parasitol. 40: 438-446.
Weil, G. J., Ottesen, E. A., and Powers, K. G.
1981. Dirofilaria immitis: Parasite-specific humor-

al and cellular immune responses in experimental- -

ly infected dogs. Exp. Parasitol. 51: 80-86.
Weiss, N. 1978. Dipetalonema viteae: in vitro
blastogenesis of hamster spleen and lymph node
cells to phytohemagglutinin and filarial antigens.
Exp. Parasitol. 46: 283-299.

Weller, P. F. 1978. Cell-mediated immunity in
experimental filariasis: Lymphocyte reactivity to
filarial stage-specific antigens and to B- and T-cell
mitogens during acute and chronic infection. Cell
Immunol. 37: 369-382.

Wong, M. M. 1974. Experimental dirofilariasis in
macaques. Susceptibility and host responses to
Dirofilaria immitis, the dog heart worm. Trans.
Roy. Soc. Trop. Med. Hyg. 68: 479-490.

k|

27.

28.

29.

30.

OHISHI

Yoshimura, K. and Soulsby, E. J. L. 1976.
Angiostrongylus cantonensis: Lymphoid cell re-
sponsiveness and antibody production in rats.
Am. J. Trop. Med. Hyg. 25: 99-107.
Yoshimura, K. and Yamagishi, T. 1975. Immuno-
logic response of guinea pigs to infection with
Angiostrongylus cantonensis. Jpn. J. Vet. Sci. 37:
585-591.

Yoshimura, K. and Yamagishi, T. 1976. Reaginic
antibody productions in rabbits and rats infected
with Angiostrongylus cantonensis. Jpn. J. Vet. Sci.
38: 33-40.

Yoshimura, K., Aiba, H., Hayasaki, M., and
Yoshida, H. 1976. Delayed hypersensitivity re-
sponses of guinea pig and rat to Angiostrongylus
cantonensis infection. Jpn. J. Vet. Sci. 38:
579-593.

RARRBBRG I+ 5 B HRIR OBE | REL - KA B (ERELAERENFSTARFHE) —EE
(R) DGR BT X B AARIRBEGHERR 2 R 5 7201 2 BEOREIFF 2 BT, RRRREGE
BEfTol. THFA 7)Y (AZP)R5HO IHIZ, FREBELEMI DL VBLHZTHETAZP Img/kg &, 8
H L% 13 3% 58 2 300 R K10 mg/ke), R4S BV IIAKIE L 2o @HEREO#%S Lz, 7L F=var (PDS)
BGBEO 2 FUIEBREAHT 3 B & ) BAA%I5SH O17HMIC10 mg/kg%, 60H—70H FTHIIHAMII8.3mg ¥ 7
13 5mg/kg FHE AR TES L. ARRBSESAESOHEBIIB B RMERGESUSICL VBT L. AZP &K
ERCIIERIM % E U CHEICIE SN, PDS 5B TIX32H ¥ THRE M & N7z AU T AR A 5
N7z, EERAIIRYLE145-148 H 12 EI M LRI # g L7248, WS HE BB 2HE OMICEEER
BoOLNEh o7



