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ABSTRACT. Twenty mother dogs, and their 19 fetuses and 57 newborn puppies were
examined by the indirect hemagglutination (IHA) test for the transfer of anti-Dirofilaria
immitis antibody from mothers to their offspring. The antibody was shown to be pas-
sively transferred via colostrum to the puppies and to persist in the puppies for approx-
imately two months. On the other hand, no antibody was detected in the fetuses even
when their mothers had high titers. The time-course studies indicated that, on the day
of parturition, the colostral IHA titer was identical with that of the maternal serum
and also that, within the first 5 to 7 days, the titers of maternal sera rapidly declined
and then gradually decreased until 48 days after parturition.

In a previous paper [7], the author re-
ported that some puppies having never
spent the potentially infective season had
a specific antibody to Dirofilaria immitis
in the circulation, when assessed by the in-
direct hemagglutination (IHA) test using
the intrauterine microfilarial antigen. For
instance, a puppy had a comparatively
high titer of 1:1024, suggesting a possible
acquisition of D. immitis-specific antibody
from its dam.

No information, however, is available on
the kinetics of transfer of the helminth-
specific antibody from mother dogs to their
offspring. In rats and pigs, several investi-
gators [3,6, 10,11, 13] have reported the
immunity of infants to parasitic infections
acquired through maternal colostrum, but
the kinetics of these anti-parasitic antibody
transfer has not been surveyed.

The purpose of the present study was to
find whether D. immitis-specific antibody
could be transferred from mothers to their
offspring and also to reveal the route and

kinetics of the antibody transfer in dogs.

MATERIALS AND METHODS

Dog serum and colostrum: Twenty mother dogs,
their 9 fetuses obtained by caesarean section at later
stages (more than 50 days) of gestation and their
57 newborn puppics were cmployed. All animals
were bled; the secrum was separated and stored at
—40°C until use. The blood from the newborn
puppy was obtained by ear vein puncture. Colos-
trum was drawn by hand from the teats of lactating
dams and centrifuged at 8,000 rpm for 15 min. The
top fat layer was discarded and the intermediate
layer of colostrum was used.

Indirect hemagglutination (IHA) test: The IHA
test using the intrauterine microfilarial antigen, was
performed by the method previously described {7].

Gel filtration: Gel filtration was conducted as
described by Zvaifler and Becker [16]. A column
of 25%X90cm was packed with Sephadex G-200
equilibrated with PBS (pH 7.2). Fractions of 5ml
were collected at a flow rate of 10ml per hr.
Protein profiles were determined by measuring OD
at 280 nm.

Treatment with 2-mercaptoethanol (2-ME): The
samples of IHA-positive colostrum were treated
with 2-ME as previously described [8].
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Table 1. Serum IHA titers in mother dogs, their fetuses and neonates
Dam Offspring
iter umber of
No. el (;:;:th :loses‘ Age in days*/IHA titer
Serum Colostrum examined

1 <8 <8 N -] 3,/<8; <8; <8; <8; <8; <8
2 <8 <8 ND ND
3 <8 <8 N 4 2,/<8; <8; <8; <8
4 <8 ND N 1 2,/<8
5 <8 <8 ND ND
6 8 <38 N 4 12,/<8, 19,/<8, 28,/<8; <8
7 8 <8 N 5 7/<8; <8; <8; <8; 8
8 8 16 N 3 10,/<8; <8; <8
9 1024 ND N 5 2,/128; 128; 512; 1024; 2048
10 2048 2048 N 3 33,764; 128; 256
1 8192 ND N 5 2,512; 1024, 8,/256; 512; 512
12 8192 ND N 4 7,/1024, 14 /64, 21 /64, 28 /16
13 16384 16384 N 1 10,1024
14 ND ND N 6 45 /8; 16; 16; 16; 16; 16
15 8 ND F 6 <8; <8; <8; <8; <8; <8
16 32 ND F 4 <8; <8; <8; <8
17 64 ND F 3 <8; <8; <8
18 512 ND F [3 <8; <8; <8; <8; <8; <8

* Neonates only.

IHA : Indirect hemugg[u}incﬁon. ND : Not done.

stages of gestation.

RESULTS

The IHA titers of the serum and the
colostrum samples collected on the day of
parturition from mother dogs infected with
D. immitis and the serum samples collected
from the fetuses and suckling neonates in
various days after birth are given in Table
1. When mothers (dogs Nos. 1-8) showed
a very low antibody titer of 1:8 or less in
both serum and colostrum, their newborn
puppies showed similar serum titers. On
the other hand, when mothers (dogs Nos.
9-14) showed high IHA titers, their suckl-
ing puppies exhibited high titers, but
usually lower than those of their mothers.
As seen in dogs Nos. 11 and 12, the anti-
body of the puppies seems to reduce in titers
with age after parturition. The IHA titer
of the colostrum on the day of parturition
was identical with that of the serum (Table

N: Neonate. F: fetus in the later

I). In contrast, no antibody was detected
in the fetuses, even if their mothers had
high antibody titers.

Sephadex G-200 gel filtration of the
serum from a neonate, a fetus and their
mothers (dogs Nos. 11 and 16) revealed
that the maximum IHA activity of the
serum from the neonate and the mother
was recovered in the second peak (IgG),
while no THA activity was found in any
peak of the fetal serum (Fig. 1).

The protein concentration of the second
peak of the fetal serum was much lower
than that of the neonate (Fig. 1-D).

Two litters from mother dogs Nos. 19
and 20 were divided into two groups just
after birth for determining the transfer
route of the IHA antibody. As shown in
Table 2, no IHA antibody was detected
in the puppies reared on artificial milk
(Esbilac®, Borden chemical, Inc., Norfolk,
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Fig. 1. Sephadex G-200 gel fitration profiles and
IHA activities of sera obtained from two
mothers, a puppy and a fetus.
A: Dam No. 11. B: 2-day-old puppy from dam
No. 11.
C: Dam No. 14. D: Fetus from dam No. 16 at
later stage of gestation. IHA: Indirect hemagglu-
tination.

Va) for 2 days after birth, while the anti-
body was detected in the remaining pup-
pies suckled by their mothers for 2 or 7
days after birth. Unexpectedly, four pup-

pies showed IHA activity higher (1:128-

1:512) than their mothers. This may have
been due to the fact that they were suckled

mother (dog No. 13 with an IHA titer of
1:16,384), since these two dams were housed
in the same animal room and one delivered
three days later than the other. Gel filtra-
tion indicated that the profile of the serum
obtained from the artificial milk-reared
puppy differred from that of the colostrum-
sucking puppy in the protein contents of
the second protein peak, and is very similar
to that of the fetal serum, as shown in
Figs. 1 and 2.

Three dams were monitored for the
time-course changes of colostral ITHA ac-
tivity (Fig. 8). The colostral IHA activi-
ties rapidly declined within the first 5 to 7
days and then gradually decreased until the

Table 2. [IHA titers in two litters fed with either colostrum or artificial milk

Dam Offspring
IHA titer Days Number of
No. after Fed with cases Serum [HA titer
Serum Colostrum  birth examined
19 64 64 7 Colostrum 4% 128; 256; 256; 512
2 Artificial milk 2 <8; <8
20 32 ND 2 Colostrum 3 32; 32; 32
2 Ariificial milk 1 <8

* Pyppies were suckled by their mother and a foster-mother(dog No. 13 with fiter of
1:16,384) as well.
IHA, ND: See the foot-notes on Table 1.
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Fig. 3. The time-course changes of IHA activity in
the colostrum and the milk collected from
dams after parturition,
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Fig. 4. The time-course changes of serum IHA acti-

vity of fourteen puppies of four litters.
A: Puppies from dam No. 10. B: A puppy from
dam Neo. 13. C: Puppies from dam No. 19. D:
Puppies from dam No. 14. IHA: Indirect hemagglu-
tination.

48th day of the observation, except for the
slight increase in the IHA titer (from 1:125
to 1:256) in dog No. 13 on the 2Ist day
_after parturition.

The 2-ME treatment of the colostrum

was attempted to find if 2-ME-sensitive
antibody (IgM) was associated with the
IHA activity. It indicated little participa-
tion of IgM antibody in colostral IHA
activity (data not shown).

The kinetics of serum IHA activity in
newborn puppies is shown in Fig. 4. Be-
tween the 4lst and 61st days after birth,
IHA activities in newborn puppies were
depressed to 1:16 or less. Thereafter, no
substantial IHA activity was detected until
the 170th day of the observation, in all
puppies except two, both of which main-
tained the minimum levels of THA titer
until the 82nd day (Fig. 4).

DISCUSSION

In mammals, the mechanism of antibody
transmission is generally classified into
three according to the route; they are the
transplacental route as seen in human, the
transcolostral route as seen in horses and
cattle, and the intermediate type of these
two groups as seen in dogs and cats [1].
The present results demonstrated that the
canine hemagglutinating antibody specific
to D. immitis could be passively transferred
from mother dogs to their offspring via
colostrum, and that it persisted in the
puppies for approximately two months.
This conclusion may be supported by such
facts as the appearance of high serum IHA
activities in the sucking neonates, the lack
of serum IHA activity in both the fetuses
and neonates reared on artificial milk, the
extremely low protein concentration of the
second peak (IgG) of the serum gel filtra-
tion profiles of the fetuses and artificial
milk-reared newborn puppies, and the
higher antibody levels of the serum IHA
titer in four puppies suckled by the foster-
mother than those in their mothers (Table
2). These data clearly indicate that the
colostral antibody transfer is the main
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route in dogs.

The kinetics of IHA titer in the colos-
trum and the milk after parturition in the
present study is very similar to the ob-
servations by other investigators [9, 12, 15]
on IgG levels in canine colostrum and
milk. For instance, Heddle and Rowley [9]
reported that the percentage of colostral
IgG rapidly decreased from about 809, on
the day of parturition to below 209, on the
5th day and such a low level persisted for
approximately one month in contrast with
the conversed elevation of IgA.

Gillette and Filkins [5] reported that the
absorption of orally administrated anti-
bodies by the newborn puppies became
maximum about 8 hr after birth, and
ceased in 24 hr. In contrast, other investi-
gators [1, 2] reported that the absorption
of the colostral antibody through the gut
lasted for about 10 to 12 days after birth.
The present study demonstrated that the
serum IHA activities in newborn puppies
persisted for 44 days, when the titer de-
creased to 1:32. Such a distinct difference
in antibody persistence between newborn
puppies fed the hyperimmune serum and
those fed colostrum could have possibly
been due to the difference in the intestinal
absorption of serum and colostral anti-
bodies. The reason for such different ab-
sorption is still unknown.

The present study failed to demonstrate
the ‘transfer of the hemagglutinating anti-
body across the placenta. Similar lack of
transplacental transfer of canine antibody
has previously been demonstrated by To-
moda [14], who failed to detect the pre-
sence of the gamma fraction electrophore-
tically in fetal dogs or newborn puppies
before suckled. Gillette and Filkins [5] also
failed to detect anti-Salmonella pullorum
antibody in any of the puppies delivered
from the bitches that had been intrave-

nously given the hyperimmune serum.
Some investigators [1, 4] have reported the
transplacental transfer of small amounts
of antibodies. Even if the transplacental
transfer of the antibody occurred in the
puppies in our study, it seems that the
amount of the antibody transferred was not
so large as to be detected by the IHA test.
The test has been shown to be sensitive
enough to detect serum anti-D.
antibody in infected dogs [7].
The results of this work may aid better
understanding of the mechanism of passive
immunity in dogs and provide a possible
explanation for false positive serological
reaction in non-infected puppies. Finally,
further investigations are required to eluci-
date the immunological role of the- trans-
ferred antibody in the protective immunity
against D. immitis infection in puppies.

immitis
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Transmission of anti-
malarial immunity (Plasmodium berghei) from
mother rats to their babies during lactation.
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