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ABSTRACT

Porcine adenovirus infection was accidentally detected in 12 of 19 pigs that were
used for studies on experimental Haemophilis parasuis infection. Histopathologically,
intranuclear inclusion bodies were found in the small intestines of 9 pigs, kidneys of 5
pigs, lymph nodes of 5 pigs, large intestines of 2 pigs and nasal mucesa of 1 pig. The
inclusions were associated with interstitial nephritis, degeneration and desgquamation
of epithelial cells in the renal tubules and intestinal mucosa. Nonsuppurative encepha-
litis was found in 10 pigs, but they did not exhibit any neuronal signs or inclusion
formation in their brains. Electron microscopy demonstrated numerous viral parti-
cles, typical of adenoviruses, in the intranuclear inclusions, and the virus was identified
as serotype 4 by immunohistochemistry. Ten of 12 infected pigs were concurrently
infected with cryptosporidium, which did not cause any morphological alteration or
clinical disease. The pigs with the present adenovirus type 4 infection developed
neither clinical signs before bacterial inoculation nor macroscopic lesions in the
kidneys, intestinal mucosa and lymph nodes suggesting that the virus is of the
asymptomatic type.
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Porcine adenovirus (PAV) has been associat-
ed with encephalitis (Kasza, 1966), enteritis (Abid
et al.,, 1984 ; Coussement et al., 1981 ; Fujiwara et
al,, 1968 ; Sanford and Hoover, 1983), pneurnonia
(Schiefer et al., 1974), interstitial nephritis {Niet-
feld and Leslie-Steen, 1993), abortion (Kirkbride
and McAdaragh, 1978), and transplacental fetal
infection (Narita et al., 1985) in pigs. However,
its significance as a causal agent of disease in the
field remains controversial (Buller and Moxley,
1988 ; Kawamura et al, 1972; Nietfeld and
Leslie-Steen, 1993 Sanford and Hoover, 1983).

In Japan, PAV was isolated from a normal
piglet (Kawamura et al, 1972) and from pigs
affected with toxoplasmosis (Shimizu et al., 1978).
Based on serological surveys, PAV types 1 to 5
have been known to be prevalent among pigs in
this country (Hirahara et al.,, 1990 ; Kawamura et
al., 1972 ; Shimizu et al.,, 1978). There are a few
reports dealing with the histopathology of natu-
rally occurring PAV infection {Fujiwara et al,
1968 ; Narita et al., 1985).

In the present study, natural cases of PAV
infection in pigs were examined by light micros-
copy, immunochistochemistry, and electron
microscopy to shed some light on the pathology of
adenovirus infection.

MATERIALS AND METHODS

Pigs : The pigs were obtained from a farm with-
out a history of outbreak of PAV infection and
were used for experimental infection with H.
parasuis (Table 1). The {irst group consisted of
ten 40-day-old pigs from two litters. The second
group consisted of nine 61-day-old pigs from one
litter. Before the experimental infection, all the
pigs were isolated for 34 days for the first group
and 5 days for the second group. No abnormal
clinical signs were observed during these periods.
Light microscopy : At necropsy, tissue blocks
from almost all organs were fixed in 109 buffer-
ed formalin and embedded in paraffin. Sections

were stained with hematoxylin and eosin (HE)
and some selected sections were tested by Feulgen
reaction.

Immunohistochemistry © Sections were stained
with an avidin biotin-peroxidase complex (ABC)
Kit (Vector Lab., Burlingame, CA,.U.S.A)
Rabbit anti-type 1, 2, 3 and 4 PAV sera (supplied
by Dr. H. Hamada, Central Research Lab., Kyorit-
sushoji Co., Ltd.) were used as the primary anti-
bodies at a dilution of 1:512. Sections were
counterstained with methyl green. For the nega-
tive control test, nonimmunized rabbit serum was
used in place of the primary antibody.

Electron wmicroscopy : Small blocks of formalin-
fixed tissues from the renal medullary region and
Payer’s patch region in the small intestine were
postfixed in 1% Millonig’s osmium tetroxide (pH
7.2), dehydrated with graded alcohols and em-
bedded in Epon 812. Ultrathin sections were
stained with lead citrate and uranyl acetate and
examined with an electron microscope.

RESULTS

Clinical findings : First group; pig no. 1 died at
day 1 postinoculation (p.1.) after showing pyrexia
and depression, while the other inoculated and
control pigs showed no clinical signs.

Second group ; pig no. 1 died at 5 hours p.i,
Pig no.?2 showed pyrexia, loss of appetite and
depression at day 3 p.i., but recovered a few days
later. The others remained without clinical
signs. Pig no.7 died 1 hour after intravenous
injection with 4 ml of saline containing 4 mg of
lipopolysaccharide of H. parasuis strain No. 4 at
day 20 p.i. ‘
Macroscopical findings : Macroscopic findings are
summarized in Table 1.
Histological findings : As shown in Table 2, there
were cerebral inflammataion, serositis, arthritis,
pneumonia, and cryptosporidial infection in the
small intestine.
Inclusion bodies ; Five pigs in the first group
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Table 1. Experimental infection of pigs with Haemophilus parasuis and necropsy findings.
Group Pig Route of Dose of Clinical
no. no. infection inoculation observation Termination Necropsy findings
(Strain no.)  period
I 1 i.v 1.3%10° 1 day Died Serositis, arthritis, meningitis.
(no. 4)
2 iv 1.3x10° 6 days Killed Fibrinous exudates on serosa of small intestine
(no. 4) and gall bladder ; Pulmonary hepatization.
3 iv 1.3%10® 6 days Killed Fibrinous exudates on splenic capsule.
(no. 4)
4 iv 1.3x108 6 days Killed Fibrinous exudates on splenic capsule and
(no. 4) synovia.
5. Control - 7 days Killed No [esions.
6. i p. 1.3x10° 6 days Killed No lesions.
(no. 4)
7. ip 1.3x10° 6 days Killed No lesions.
(no. 4
8. Lp 1.3x108 6 days Killed Pulmonary hepatization.
(no. 4)
9. ip. 1.3x108 6 days Killed No lesions.
(nto. 4)
10. Control - 7 days Killted Pulmonary hepatization.
II 1. it 1.3x1pv 5 hours Died Pulmonary edema, subepicardial haemorrhage.
(no. 4)
2 it 1.3x10% 9 days Killed Serositis and pulmonary hepatization.
{no. 4)
3. i.t 1.3x10° 9 das Killed No lesions.
(no. 4}
4 it 1.3x10° 9 days Killed Pulmonary hepatization.
(no. 4)
5 it 1.0X10" 14 days Killed Pulmonary hepatization.
(no. 140)
6 it 1.0x10° 6 days Killed Pulmonary hepatization.
(no. 140)
7.% it 1.0X10° 20 days Died Edema of lung and gallbladder, round heart.
{no. 140)
8 it 1.0x10° 21 days Killed No lesions.
(no. 140)
9. Control - 9 days Killed Pulmonary hepatization.

i.v.: intravenous

i. p.: intraperitoneal

i.t.: intratracheal

#% : Pig no. 7 died 1 hour after intraenous injection with 4ml of saline containing 4 mg of lipopolisaccharide of H.
parasuis strain No. 4 at day 20 p.i.

showed intranuclear inclusion bodies in the

in the tubular lumen. Morphologically, 3 types

medullary tubular epithelial cells associated with
mild lympho-plasmacytic infiltration in the peri-
tubular connective tissue of the kidney (Fig.la).
The inclusions were occasionally located in the
swollen nuclei of the collecting tubular epithelium
in the medulta, or in desquamated epithelial cells

of intranuclear inclusions, full, classical type A,
and granular were distinguished (Figs. 1b and 1¢).
The full type inclusion consisted of a basophilic,
homogeneous mass occupying the whole nuclear
space ; classical type A inclusion was an ampho-
philic mass, centrally located in the nucleus, and
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Table 2. Distribution and frequency of the intranuclear inclusion bodies and other histopathologic findings

Group Distribution and frequncy Other histopathological findings

and of the Inclusion bodies Brain lesion Crypto-  Serositis  Arthritis  Pneumo
Pig Kidney  Small  Large Lymph  Nasal Lymphocytic Glial Fibrinous sporidia nia
no intestine intestine node  mucosa cuffing nodule meningitis

I-1 + - - + - - - G - O Q -
-2 +++ + - - - O O - O O O O
1-3 - — - - - - - - - O O -
14 — — - - - - - - - O Q -
1-5 - — - - - C O - O @) - -
1-6 + - - — — O O - O O - -
1-7 +++ + - + - O O - - - - -
1-8 - - - - - O - - - - - C
1-9 +++ + -+ - + - - - - O - - O
I-10 - - - - — O - - - O - C
II-1 - - + - - - - @) - - -
-2 — ++ + - - O O - O @) - O
-3 - + - + - - - - O - - -
-4 - ++ - - =+ - — — O - - 0
I1-5 — - - — — — — — — - - O
i1-6 — - - - - O O - O - - Q
H-7 - + - — - - - - O - - -
-8 - ++ - + - O O - O C - O
I1-5 — ++ — — — O — — O - - O
- ! No inclusion bedy or no lesion

O . Lesion appeared

+ ! Mean number of inclusion bodies=1-10 in one section

++ : Mean number of inclusion hodies=11-20 in one section

+++ . Mean number of inclusion bodies= >2{ in one section

separated from the prominent nuclear membrane
by a clear halo and the granular inclusion was
composed mass,
Only the full
type was positive by Feulgen reaction.

Three pigs in the first group, that had
intranuclear inclusions in their kidneys, and 6 pigs
in the second group also had inclusions in the
intestine. Almost all the inclusions appeared in
the crypt epithelium (Fig. 2a), dome (Fig. 2b), or
adjacent villous epithelium covering Peyer's
patches of the jejunum and ileum. The epithelial

of a basophilic, granular

irregulerly dispersed in the nucleus.

cells containing inclusions were degenerative and
tended to slough off, and inclusions were occa-
sionally seen in the desquamated epithelial cells
lying free in the lumen. A few intranuclear inclu-

sions were also found in histiocytes in the lamina
propria, or in reticular cells in the lympheid folli-
cles of Peyer's patches in 2 pigs each from the
first and second groups.
was seen in the crypt epithelium and histiocytes in
the lamina propria of the large intestine in 2 pigs
of the second group.

Five pigs (3 pigs in the first group and 2 in the

Only one inclusion each

second group) had classical type A inclusions
(Fig. 3) in swollen nmuclei of reticular cells in the
[ymphoid follicles of the inguinal, gastric, pancre-
atic, jejunal and colic lymph nodes. The same
type of inclusions were also found in epithelial
cells of the nasal gland in a pig from the second
group.

Other findings ; Perivascular lymphocytic infil-
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tration and glial nodules were scattered in the
brains of 6 pigs in the first group and 4 in the
second group. Only pig no. 1 of the first group
developed severe fibrinous meningitis.

Small, round, basophilic organisms identified
as cryptosporidia were found in the brush border
of the villous and crypt epithelial cells covering
Peyer’s patches in 12 pigs (4 pigs in the first group
and 8 in the second group). They frequently
occupied the same region as the inclusion bodies
(Fig. 2a).

Severe fibrinous polyserositis and polyarth-
ritis were seen in pig no.1 of the first group.
Scattered focal fibrino-fibrous serositis was ob-
served in visceral organs of 5 pigs of the first
group and 2 pigs of the second group. Pigno.7in
the second group, which received H. parasuis
lipopolysaccharide, showed generalized circula-
tory disturbance.

Ten pigs (4 pigs of the first group and 6 of the
second group) showed peribronchiolar and peri-
vascular lymphocytic infiltration, lymphoid folli-
cle hyperplasia and alveolar septitis in the lungs.
Immunohistochemical findings . Intranuclear
inclusion bodies in the kidneys of the first group
and in the small intestines of the first and second
groups reacted positively to rabbit anti-type 4
PAYV serum (Fig. 4a), but reacted negatively to
rabbit anti-type 1, 2 and 3 PAV sera at a dilution
1:512 (Figs. 4b-d).

Electron microscopic findings: The epithelial cell
nuclel containing full intranuclear inclusions
showed chromatin margination. Microvilli in
the enterocytes were occasionally lost. The nu-
clei contained granular electron-derise material
intermixed with various numbers of viral parti-
cles (Fig. ba). Virions were oval to hexagonal in
shape, measured 82 to 92 nm in diameter and had
an electron-dense or electron-lucent core sur-
rounded by a capsid (Fig. 5b). They were scat-
tered throughout the nucleus and occasionally
packed in crystalline arrays (Fig. 5c).

DISCUSSION

In the present cases, intranuclear inclusion
bodies were most commonly found in the epith-
elial cells of the jejunum and ileurn, as reported in
naturally infected pigs (Abid et al., 1984 ; Buller
and Moxley, 1988 ; Coussement et al., 1981 Fuj-
iwara et al, 1968; Sanford and Hoover, 1983).
The three types of intranuclear inclusions de-
scribed here were similar to those observed in
cultured cells infected with canine hepatitis virus
(Tajima et al., 1961) and may represent different
stages of inclusion development. It has been
reported that shortening of villi, cell infiltration in
the lamina propria and hyperplasia of lymphoid
follicles occur in the small intestine in pigs with
diarrhea due to natural and experimental PAV
infection (Abid et al., 1984; Coussement et al.,
1981 ; Fujiwara et al,, 1968). In the present pigs,
however, only slight degeneration and desguama-
tion of intestinal epithelial cells containing
intranuclear inclusions were detected. Such
changes may be a predisposing factor for secon-
dary infection by other organisms, and also a
possible source of transmission of the disease, It
has been reported that the dome epithelial com-
plex may function as the portal entry for PAV
infection as well as play a role in the intestinal
immune mechanism (Buller and Moxley, 1988 ;
Chu et al.1982). There was no relation between
frequency of the inclusion bodies and severity of
serositis, meningitis and arthritis caused by H.
parasuis infection.

In 5 pigs of the first group, interstitial nephri-
tis accompanied the formation of intranuclear
inclusions in the uriniferous and collecting tubules
of the kidneys. A few intranuclear inclusions
were also detected in epithelial cells of the large
intestine and nasal mucosa as well as reticular
cells in the lymph nodes of 2 small number of pigs.
Judging from distribution and frequency of
intranuclear inclusions, the intestine seemed to be
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Medulla of the kidney of pig no. 1 in group 1. (a) Intranuclear in clusions (arrows) are seen in
occasional tubular epithelial cells along with desquamated cells in the tubular lumen and
lympho-plasmacytic infiltration in intertubular connective tissue. HE, X200 ; (b) Full type
(arrowheads) and granular type (arrows) inclusions. HE, X600 ; (c) Classical type A inclusion.
HE, x600.

Intestinal epithelium. HE, X 600. (a) Intranuclear inclusions in the epithelium and desquamated
epithelial cells accompanied by cryptosporidia (arrowheads) in the crypt above Peyer’s patches
in pig no. 9 of group 1; (b) Inclusions in the dome of pig no. 2, group 2.

A lymphoid follicle in the jejunal lymph node of pig no.3 in group 2. There are 2 inclusions
in the swollen nuclei of the reticular cells. HE, X 600.

T
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Fig. 4 Inclusion bodies as observed by immunohistochemical staining. xX600. Pig no.7 in group 1. Inclu-
sions (arrowheads) in desquamated renal tubular epithelial cells with chromatin margination react
positively to PAV type 4 antiserum (a), but react negatively to PAV types 1 to 3 antisera (b-d) at a
dilution of 1: 512.

Fig.5 Electron micrographs of full type intranuclear inclusion bodies. (a) In clusion body in a renal tubular
epithelial cell of pig no. 7, group 1, contains numerous viral particles. Bar=1 um; (b) higher magnifi-
cation of (a), virions are oval to hexagonal in shape. Bar=100nm; (c) Inclusion in a des quamated
epithelial cell in the small intestine of pig no. 2, group 2. Viral particles in crystalline array. Bar=1
am.

S
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a major target of the present adenovirus and the
other organs might have been infected only fol-
lowing viremia. In group 1, a large number of
intranuclear inclusion bodies were found in the
kidney. The number of inclusion bodies might
increase in the kidney with the lapse of the infec-
tious period.

Ten pigs had perivascular lymphocytic infil-
tration and glial nodules in the brain, although
they did not exhibit any neuronal signs. PAV
type 4 was first isolated from a pig with encepha-
litis (Kasza, 1966), and it caused nonsuppurative
encephalitis without clinical signs and formation
of inclusion bodies in the brain by intranasal, oral
and infracerebral inoculations (Edington et al.,
1972 ; Shadduck et al., 1967). Therefore, the
nonsuppurative encephalitis observed here pre-
sumably was associated with PAV infection. By
electron microscopy and immunohistochemistry,
viral particles and viral antigen could easily be
demonstrated in the present pigs. The size,
structure, localization and formation of crystal-
line arrays of virions coincided with those of
adenoviruses {Abid et al., 1984 ; Buller and Mox-
ley, 1988; Chu et al., 1982; Coussement et al.,
1981 ; Shimizu et al., 1978). Immunohistochemis-
try identified the PAV involved in the present
cases as serotype 4.

The pigs used in this study came from a farm
in the same prefecture where Shimizu et al
(1978) isolated PAV type 4 from pigs. The two
pig groups set up in the present study were kept in
isolation at the National Institute of Animal
Health, Japan after their arrivail ; therefore they
had no chance to be infected with PAV at the site.
However, the two pig groups might have already
been infected with PAV on the farm before their
departure for the Institute. They did not develop
any clinical signs before bacterial inoculation or
macroscopical lesions in the kidneys, intestifies or
lymph nodes. Derbyshire et al. (1975) suggested
that only PAV type 4 is a clear-cut pathogen, but

the present PAV type 4 produced subclinical
infection. Because various types of PAV are
known to be prevalent among pigs in this country
(Hirahara et al., 1990 ; Kawamura et al, 1972;
Shimizu et al., 1978), subclinical types of PAV
infection similar to that observed here might be
widespread in the field.

Cryptosporida were observed in a close spe-
cial relationship with viral inclusions in the je-
junum and ileum in 10 of 12 pigs. However, they
could not be related to any morphological lesions
and did not cause diarrhea. Therefore,
cryptosporidial infection was interpreted as hav-
ing nothing to do with PAV infection,

Experimental infection with PAV type 4 has
caused interstitial pneumonia in the pig {(Shad-
duck et al. 1967). In the present study, pneumo-
nia was observed in 10 pigs, but it was diagnosed
as mycoplasmal pneumonia (Dungworth, 1992)
and no inclusions were detected in the lungs of
any of the pigs examined.
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