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PATHOLOGICAL PICTURES OF RABBITS AND PIGS
INFECTED WITH TWO LAPINIZED
HOG CHOLERA VIRUSES

RoBeRT C. T. LEE! and S.S. LA

Clinically and pathologically, twe lapinized HC vaccine viruses, the
LPC-Chinese (LPC) and Chinese (Chinese) strains, caused no abnormal reac-
tions in pigs, but induced similar fever responses, the enlargement of lymph
nodes (LN), particularly mesentery LN, and histopathological changes in the
brain, sach as neuronal satellitosis, peuronophagia and perivascular cuffings

in rabbits.

Both lapinized HC viruses had a similar viral distribution pattern in
rabbits and pigs. Lymphatic tissues were mainly infected with the viruses.
The result indicated that these two lapinized HC vaccine virases had identical
pathogenicity and viral distribution in rabbits and pigs. Therefore, it may
suggest that these two viruses have the same origin.

Vaccination with attenuated live viruses
has been considered as an effective method
of controlling hog cholera (HC), particularly
using a lapinized attenuated HC vaccine™®,
However, the use of live vaccine was pro-
hibited in some countries as eradication pro-
grams developed. Knowledge on attenuated
HC viral vaccine initiated by Koprowski
et al.® and Baker™ with lapinized HCV
has been expanded by a variety of techniques
used for attenuation.

The LPC strain widely used for HC
control in Taiwan was eriginally introduced
from the Philippines in 1952¢®. The im-
ported LPC virus being passaged in rabbits
for 150 times still caused severe reactions
and death in pigs. However, no response
was noted in rabbits inoculated intravenously
with the virus. More than 800 passages of
the LPC virus in rabbits and many experi-
ments related to the safety, efficacy, virus
shedding and virulent reverse test of the
vaccine were carried out!'%il, The ex-
perimental data of the latter passages in-
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dicated that the LPC virus was highly safe
and potent in piglets, even in the new-
bornsttit. Although the LPC virus has been
widely used in the field for HC control, so
far these has been no report concerning the
pathology of the vaccine virus infected
rabbits and pigs, which is an important key
to determining the degree of attenuation.
In addition, a so-called Chinese strain of
lapinized HC vaccine has been widely used
for HC control in many Asian and Buropean
countries. The vaccine was also very safe
and efficacious. However, as cited in many
scientific papers, its origin was unknown‘®:*.
Therefore, this report describes the patho-
logical pictures of rabbits and pigs infected
with the LPC and so-called Chinese strains
of HC vaccine, which may prove the identity
of these two viruses.

MATERIALS AND METHODS

Animals

Sixteen specific pathogen-free (SPF) pigs
aged 4 to 5 weeks and 16 commercial rab-
bits weighing 1 to 1.5kgs were intramus-
cularly and intravenously inoculated respec-
tively with the LPC and Chinese strains of
lapinized HC vaccine viruses, both contain-
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Fig. 1. Schematic drawing of brain, showing areas where samples were collected.

ing about 10°® rabbit infeciive dose (RID)
for pathological studies. These SPF pigs
and three rabbits were also inoculated with
a virulent HC virus, an ALD strain contain-
ing 10* MLD. One SPF pig and one rabbit
served as non-inoculated controls. Two pigs
and two rabbits were killed 3, 5, 7 and 10
days after inoculation. One pig and cne
rabbit were killed 3, 5 and 7 days after in-
oculation. Rectal temperature and clinical
signs were daily recorded. All visceral
organs, lymph nodes and the central nervous
system (CNS) were collected for histopatho-
logical studies and virus isolation. The
brain was sectioned as indicted in Fig. 1.

Viruses

The LPC strain virus, passaged in rab-
bits 816 times, obtained from the infecied
spleen was used. The so-calied Chinese
strain virus of unknown origin was obtained
from the National Institute of Animal
Health (NIAH) of Japan. The virus was
passaged in rabbits 3 times before use. Both
virus strain-infected spleens contained about
10" RID per gram. The Western equine

encephalomyeolitis (WEE) virus grown in
swine testicle (ST) cells was used in the
interference test. The GPE~ virus, an
attenuated HC vaccine virus obtained from
the NIAH of Japan, was also grown in ST
cells and used in the interference test.

Virus isolatior and the imterference test
Tissues were aseptically collected and
ground with sterile sand in a mortar, and
10% suspension (w/v) was made in MEM
with 10x antibiotics. The suspsnsion was
centrifuged at 1,800 G for 30 minutes and
supernatants were used for virus isolation.
The interference test was previously de-
scribed by Shimizu et al."'®, Two days old
ST cells grown in microplates were inocul-
ated with 0.05ml of tissue emulsion. Three
wells of ST cells were used for each tissue
emulsion. The ST cells were rinsed with
PBS saline twice after one hour’s incubation
at 37°C in a 5% COy chamber. A 0.05ml
maintenance medium (with 29 fetal calf
serum) was added to each well. The plates
sealed with tape were incubated for 5 days
at 37°C. After 5 days of incubation, the



cultural fluid was sucked out and a 0.05 ml
maintenance medium containing 1,000TCID,,
GPE- virus was added to each well and
incubated for another 5 days at 37°C. After
incubation, the cultural fluid was sucked out
again and a 0.05ml maintenance medium
containing 1,000 TCID,, WEE virus was
added to each well. The plates were in-
cubated and the interpretation was made 3
days after incubation. The LPC virus was
present in the tissue emulsion if ST cells
showed no cytopathic effect (CPE). The
LPC virus instead of the test tissue emulsion
were used as a positive control for the test.
Control tests were also made to prove that
the GPE~ and WEE viruses caused no CPE
and CPE in ST cells respectively.
Pathological procedures

All visceral organs and CNS tissues
were placed in 10% formaldehyde in buf-
fered saline {pH 7.0). Following fixation,
tissue blocks were embedded in paraffin-wax
and sections, cut at 6 #m, were stained with
Ehrlich’s haematoxylin and eosin (H & E).

RESULTS

Clinically, all tested pigs were normal;
but 3 pigs inoculated with virulent viruses
died on the 3rd day. As indicated in Fig. 2,
the LPC and Chinese strains caused similar
fever responses in rabbits. All inoculated
rabbits had fever responses on the second
and third days, while rabbits killed in later
periods had the 2nd peak of fever reaction
on the 5th-6th days or 6th-7th days.

No significant lesions were found in the
pigs inoculated with the two lapinized HC

viruses, while remarkable hemorrhagic LNs’

were noted in the three pigs inoculated with
the ALD strain died on the third day. In
all tested rabbits, no gross change was noted
in the tissue other than the LN, particularly
in the mesenteric LN.

The mesenteric LNs in rabbits killed
on the third day enlarged 3-4 times in size
as compared with those in the control
rabbits (Fig. 3). The enlargment of LNs
decreased gradually thereafter. Those rabbits
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Fig. 2. Rectal temperature response of
rabbits intravenously inoculated
with two attenuated hog cholera
viruses, LPC-Chinese and So-
called Chinese strains.

Fig. 3. Enlarged (3-4x) Mesentery lymph
node of rabbit infected with LPC-
Chinese HC virus, 3 DPI.

killed on the tenth day had slightly swollen
mesenteric LNs. Macroscopical changes of
LNs in the rabbits induced by the two
lapinized and virulent ‘HC viruses did not
show any significant differences.

No significant histopathological change
was seen in the CNS and visceral organs of
all but 1 pig inoculated with the two
lapinized HC viruses (Table 1). The excep-
tional pig inoculated with the LPC virus
when killed on the third day showed mild
perivascular cuffings in the olfactory bulb
(Fig. 4). Three pigs which died on the
third day -did not show any microscopical
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Table 1. Distribution of Brain Lesions in Pigs Infected with Different Strains

of Hog Cholera Virus

LpC
Site

Chinese

Olfactory bulb —c —_—
Cegrebrum — ——
Frontal —— ——
Motor —— —
Occipital —_— —_
Corpus callosum — —_—
Hypophysis _ ——
Thalamus ‘ —_ ——
Corpora quadrigemina —_ -
Brain stem
Peduncles —_—— -
Pons —_— —_—
Medulla oblongata —_— _—
Cerebellum — _—
Spinal cord —_— ——

¢ Perivascular lymphocytic cuffing.
—: One “~" indicate one pig examined.

Fig. 4. Lymphocytic perivascular cuffings
of olfactory bulb from pig infected
with LPC~Chinese HC virus, 3 DPI,
H & E. x40,

CNS lesions except that peripheral hemorrh-
age was observed in several LNs,

Rabbits inoculated with the LPC strain
and killed on the third day showed neuronal
satellitosis in the frontal and motor lobes,
pons, and copora quadrigemina of cerebrum
and cerebellum (Table 2), (Fig. 5). There
were no particular microscopical changes in
the CNS of rabbits inoculated with the LPC

Fig. 5. Neuronal satellitosis of cerebellum
from rabbit infected with LPC-
Chinese HC virus, 3 DPI, H & E,
x 80.

strain virus killed on the fifth and seventh
days, but mild neuronal changes were found
in the rabbits inoculated with the Chinese
strain virus. The perivascular cuffings in
the medulla oblongata were detected in
rabbits killed on the tenth day. Besides the
CNS, LNs were the only tissues showing
microscopical changes. A  hyperplastic
cortical area accompanied with some hetero~
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Table 2. Distribution of Brain Lesions in Rabbits Infected with Different
Strains of Hog Cholera Virus

Site

LPC Chinese ALD

Olfactory bulb
Cerebrum

Frontal

Motor

Occipital
Corpus callosum
Hypophysis
Thalamus
Corpora quadrigemina
Brain stem

Peduncles

Pons

Medulla oblongata
Cerebellum
Spinal cord

-+ : satellitosis and neuronophagia.
¢ : perivascular lymphocytic cuffing.
One “—" or “+” indicate one pig examined,

N

Fig. 6. Lymph node of rabbit infected with LPC-Chinese HC virus, 3 DPI, H & E, x128.
Numerous lymphoblast, macrophages and heterophils filled in sinus as in medul-
lary lymphatic cords were moted.
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Table 3. Viral Distribution of Rabbits Infected with Two Lapinized HC

Viruses, LPC-Chinese and So-Called Chinese Strains
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Table 4. Viral Distribution of Pigs Infected with Two Lapinized HC Viruses,

LPC-Chinese and So-Called Chinese Strains
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phils, macrophages and Iymphoblasts infiltra-
tion in sinuses was noted in the LNs of the
rabbits killed on the third day (Fig. 6).
However, the intensity of lymphadenopathy
in rabbits killed in the later periods
diminished gradually. Only very mild
cellular reactions of LNs were observed on
the tenth day. The degree and types of
tissue changes in the CNS and LNs of the
pigs and rabbits inoculated with the Chinese
strain virus were mainly similar to those
induced by the LPC strain. Perivascular
cuffings were also detected in the CNS of
rabbits inoculated with the ALD strain when
killed on the fifth and scventh days.

The virus distribution in the tissues of
infected rabbits was tabulated in Table 3.
These two lapinized HC viruses induced
similar virus distributions in the rabbiis.
The viruses were recovered from all test
lymphatic tissues, lymph nodes, tonsile and
spleens on the third up to the tenth day,
with the exception of tonsils and spleens
from which the virus was not recovered 10
days after inoculation with either the LPC
or Chinese strain.

The virus distribution in the tissues of
the infected pigs was shown in Table 4.
Both the LPC and Chinese strain viruses
also bad similar virus distributions in pigs.
Viruses were oniy isolated from lymphatic
tissues, lymph nodes, tonsils and spleens five
to ten days after inoculation. No virus could
be recovered from the other parenchymal
organs of infected rabbits and pigs.

DISCUSSION

The original seed virus of the LPC
strain of HC vaccine was introduced from
the Philippines in 1952 by Leet®. The
virus being serially passed in rabbits for
150 passages was still virulent to pigs.
Further rabbit passages of the virus were
carried out by our workers®9, A typical
fever response in rabbits inoculated with
a 100 or higher rabbit passage virus was
constantly noted. Lin ef al. used the 111
rabbit passage virus for the virulence
reverse test!t), They found that the virus
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regained its virulence causing piglets to die
at the 6th back passage in piglets. How-
ever the virus became stable and completely
lost its virulence, but retained good immuno-
genicity when rabbit passages reached
500.

The seed virus of the LPC strain cur-
rently used for vaccine production is of the
816th rabbit passage. The high rabbit pass-
age virus is highly safe and immunogenic
to pigs. Twenty reverse passages of the
virus in SPF pigs gained no increased
virulencett’. Unlike thz low passages of
the lapinized HC virus, the Rovac strain
induced histopathological changes either in
the brain or in the lymphatic tissues of
pigs‘¥, but the 816 rabbit passages of the
LPC strain virus did not induce any micro-
scopic changes in piglets. Histopatho-
logically, mild encephalitits and lymphade-
nopathy were noted in rabbits inoculated
with the LPC virus. Clinically, the virus
proved more virulent to the rabbits in terms
of fever response, as compared with the
carly rabbit passage virus. However, un-
fortunately there were no pathological data
on rabbits inoculated with the lower rabbit
passage virus. Therefore, the virulence of
the virus for rabbits could not be concluded
as the rabbit passages increased.

The virus distributions of infected rab-
bits and pigs were similar to previous
reportstt®13}, The lapinized virus mainly
multiplied in lymphatic tissues such as
lymph nodes, spleens and tonsils. The virus
persisted longer in the lymph nodes of rab-
bits and pigs. However, unlike the virulent
HC virus, the tonsil did not prove more
susceptible to the lapinized HC virus as
indicated by Lin“® and Liu*, Tissues
other than those of lymphatic origin did
not show any viral maltiplication. In
addition, low titers of viremia were found
in infected rabbits, but not in infected pigs
which may result in no or few viruses
shedding out of the infected pigs as indicated
by the failure to recover the virus from all

secretions and excretions, also by the failure
to establish contact infectionti%

The experimental results indicated that
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these two lapinized HC vaccine viruses were
identical in pathogenicity and pathogenesis
for rabbits and pigs. The origin of the
Chinese strain virus was unknown as cited
in many scientific papers by European
researchers®®, However, LPC strain viruses
of 469 and 760 rabbit passages had been
officially exported to the Ryukyu islands in
1959 and to South Vietnam in 1966, There-
fore, the Chinese strain was possibly intro-
duced from those areas. Recently, Lai et al.
also proved that these two lapinized viruses
were identical in many virological aspects®®,
The experimental data suggest that the
Chinese strain virus may have originated
from the LPC strain virus originally de-
veloped in the Republic of China on Taiwan,
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