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STUDIES ON THE VIRUS
OF HEPATITIS CONTAGIOSA CANIS (HCC)

IV. THE PATHOGENESIS OF HEPATITIS CONTAGIOSA
CANIS IN DOGS

By
C. R. Salenstedt

HCC virus infection in dogs lias been studied from a number
of viewpoints. Thus the clinical and the pathologic-anatomical
sides have been very thoroughly described. The pathogenesis on
the other hand, has scarcely been the subject for closer studies.
Information concerning the pathogenesis can be obtained by
qualitative and quantitative determinations of virus in organ
material from different phases of the disease. The presence of
HCC virus or antigen has also been shown by many authors,
among them Rubarth (22), Lehnert (16), Florent and Leunen
(9), Baker et al. (1), Brunner (3), Larin (15), Parry et al. (20),
Poppensiek and Baker (21), Schindler (25), Cabasso et al. (4),
Fieldsteel and Emery (8) and Muller and Thordol-Christenseti
(19). It can hardly be said thatthese investigations have explained
pathogenesis. Generally, only a few organs have been examined.
Only occasionally have the dogs been given virus per os, which
probably is the natural route of infection. Mansi (17, 18) has
tested the virus amount in various specimens from dogs inoculated
in different ways. Thus a few dogs were infected by contact with
sick animals. Mansi has chosen to take the test material in an
advanced stage of the disease. The virus had by that time been
distributed almost throughout the whole body and this has com
plicated the attempts to explain the pathogenesis. However, Mansi
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made an important observation. The infected dogs, including
those which contracted infection through contact, showed an
acute tonsillitis. This was a confirmation of the earlier observa
tions by Rubarth (22) and Coffin (5). The tonsils showed a high
concentration of complement fixing antigen.

The experiments reported in this paper were undertaken with
the purpose better to understand the pathogenesis of HCC virus
infection in the dog.

MATERIAL AND METHODS

Virus. The virus strain used was SBL Sl isolated in this labora
tory (23). A batch named pool 4559 was prepared as described
earlier (24). The virus titre of the pool was 107.6 TCID so per ml.

Tissue Culture. Roller tube cultures were prepared of trypsin
ized dog kidney cells as previously reported. For details the reader
is referred to preceding papers (23, 24) . The seeded cells were
suspended in 1.0 ml. medium per tube and the addition of human
embryo extract to the medium after the growth period was omitted
or substituted by 0.5 % Bactotryptose or 5 % horse serum.

Inoculation of Dogs. The dogs, 2-4 months old, being sero
logically negative to HeC, were generally given 1.0 ml . of pool
4559 per os. Otherwise, the dose is stated in the particular experi
ment. The virus fluid was deposited in the oral cavity by means
of a pipette.

Collection and Handling of Test Material. Blood from the dogs
was obtained by venous puncture. Heparin was added in a final
concentration of 1: 2000. The animals were then anaesthetized
and exsanguinated. From some of the dogs different kinds of
organ materials were excised. Lymph was also taken. Heparin
was added to this in the same concentration as to the blood. The
organ materials were thoroughly cut and ground. During this
procedure buffered saline was added to make a 10 % organ
suspension.

The specimens from the small intestinal wall, from contents
in the small intestine and from Peyer's patches (P. p.) were
numbered in the order in which they were taken. Thus P. p. 1
was taken in the proximal part of the small intestine, P. p. 10 in
the distal part close to valvula ileo-caecale.

Throat and rectal swabs were placed in tubes containing 1.0
ml . of tissue culture medium. After shaking for 5 minutes the
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swabs were removed. Penicillin and streptomycin were added to
give a final concentration of 1000 I.E. and 1000 p.g., respectively.
The tubes were kept at 37°C for 30 minutes and then centrifuged
at 3000 r.p.m. for 10 minutes. The supernatant was pipetted off
and used as inoculum.

Virus Isolations and Infectivity Titraiions. Virus isolations
and titrations on the specimens from guinea pigs and dogs were
performed in dog kidney tissue cultures. Serial tenfold dilutions
of the collected material were prepared and then inoculated into
the tissue culture tubes, 0.1 ml. per tube. The tubes contained 1.0
ml. of medium. After an absorption time of 6 hours at 20°C, the
medium in the tubes was changed in order to avoid toxic effects
of the inoculum. The titre was computed according to Karber (14)
and expressed as log TCID so per ml.

Haemagglutination-Inhibition Test. The serological test was
performed on serum from dogs. The titration was done as de
scribed earlier (7). Equal amounts (0.2 ml.) of serum dilution
and antigen containing 4 HA units, were mixed. One hour later,
0.4 ml. of a 0.25 % suspension of human erythrocytes group 0
was added to the serum-antigen mixtures. After shaking, the test
tubes were incubated in room temperature for 2 hours and then
read. Non-specific inhibitors in the dog sera were removed by
absorption of the sera with kaolin. Controls were included at the
performance of the haemagglutination-inhibition test. Thus, a
test antigen titration was run. Absence of non-specific agglutinins
in the serum was checked for by mixing serum with saline in
stead of antigen. The HI titre was taken as the highest serum
dilution which completely inhibited haemagglutination.

EXPERIMENTAL

A group consisting of 8 dogs was given HCC virus as described
in Material and Methods. The temperature of the dogs was taken,
and the values recorded as in Table I.

It seems as if the temperature in dogs 6, 7 and 8 had a diphasic
course. This is usual in infections with HCC virus. Specimens
were taken and titrated. The results are shown in Table II.

It is noticeable that virus could be detected at a very early
stage in the tonsils, earlier than in any of the other materials
tested. Virus was occasionally found in the contents and in the
wall of the small intestine at a time when it had apparently not
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Tab I e 1. Temperature scheme of dogs given HCC virus per os
on day O.

Dog Temperature on day
number 0 1 2 3 4 5 6 7 8

1 38.3 38.8 39.01 )
2 38.4 39.5 39.5 39.01 )

3 38.4 39.2 39.2 39.21 )

4 38.0 39.4 39.2 39.2 39.21 )

5 38.4 39.2 39.0 39.5 38.9 39.21)

6 38.6 39.3 39.0 39.5 38.8 39.0 40.61 )

7 38.4 38.8 39.4 39.7 39.2 39.0 39.6 39.1 38.61 )

8 38.4 38.8 39.0 40.2 38.8 39.0 40.2 39.0 38.6

Mean value 38.4 39.1 39.2 39.5 39.0 39.0 40.1 39.1 38.6
1) exsanguinated and specimens taken.

T a b I e II. Virus bikes of various organ materials from dogs given
HCC virus per os on day O. Each figure is the virus titre in one

specimen .

Kind of Virus titre on day
specimen 2 3 4 5 6 8

Adrenals 1.7 1.7
Kidneys 1.7 2.3
Spleen 1.1 2.9
Liver 1.3 3.1
Lungs 0.7 1.9
Pancreas
Small Inteseinal wa1110 1.5
Beyer's patch 10 0 0 0 0 1.5
Contents from the last part
of small mtestlne 1.5; 1.1 1.3
Tonsils 1.25 2.5; 3.0 2.9 2.7 2.1
Pelvic lymph glands 1.5
Popliteal lymph glands 1.3
Bone marrow 0 0 1.0
Blood :::1.5 :::1.5 :::1.5 ::: 1.5 1.75 ::: 1.5
Lymph ::: 1.5 ::: 1.5 :::1.5 3.3 3.7 :::1.5

0 not tested
virus titre ::: 0.5

yet generally disseminated. On the 5th day after infection virus
was found in bone marrow, adrenals, kidneys, spleen, liver and
lungs and in a high titre in the lymph, indicating a generalization
of infection. On the 6th day the virus ti ter was usually h igher than
on the day before. However, the amount in the tonsils seems to
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have decreased. For a more detailed analysis of the virus spread, a
new group of dogs was infected and studied. This time exami
nation of some of the organs studied in the previous experiment
was omitted. Instead specimens from the lymph nodes draining
the tonsillar region and those of the intestine, were included; The
results of the virus titrations are given in Table III.

Tab I e III. Virus titres of various organ materials from dogs given
HCC virus per os on day O.

Kind of Virus titre on day
specimen 2 3 4 5 6 7

Liver 0.9 1.7 1.7
Small into wall 10 0.9 1.9
Rectal wall
Contents from the last part
of the small int, 0.7 0.9
Contents from rectum
Peyer's patch 10 2.1 1.1
Mesenteric lymph glands 0.7 3.7 3.3
Tonsils 1.7 2.9 3.5 3.5 1.5
Superior deep cervical
lymph glands 2.3 3.7 3.5 2.1
Paramandibular lymph
glands 0.7 0.9 3.1
Blood 1.5 1.5 1.5 1.7 1.9 1.5
Lymph 1.5 1.5 1.5 1.5 3.1 2.5 1.5

virus titre

In this experiment it is obvious that virus was absorbed in
the tonsils and that virus multiplication took place there at an
early stage. Thus, already 24 hours after infection, virus was
present in specimens from the tonsils. The titration showed that
the virus amount increased to a maximum on the third and
fourth day.

The draining lymph nodes of the tonsillar region seem to be
the superior deep cervical lymph glands. The table also shows
that there was virus in these glands rather early (3 days after
infection), and that the virus amounts were the same as in the
tonsils. Moreover, it is probable that virus multiplication in the
superior deep cervical lymph glands was detected in a somewhat
late phase judging by the relatively high virus titre on day three.
In this experiment too, virus could be demonstrated in specimens
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from the contents as well as from the wall of the small intestine.
Thus virus was present in these materials 4 days after infection.
The following day virus was found in the specimens from the
wall and the contents of the small intestine, in the Peyer's patches,
in the mesenteric lymph glands and in the lymph. On the same
day virus was found in the liver. Two days later, virus was iso
lated from the liver specimen only. A viraemia of short duration
(during days 4 and 5) was also revealed. HCC virus could on no
occasion be recovered from the wall or contents of the rectum.

On the whole these experiments demonstrate the course of
dissemination and multiplication of virus in the organism. Under
natural conditions, however, the infecting dose of virus must be
smaller than under the experiments referred to. An attempt to
determine the oral MID was therefore undertaken. The appearan
ce of HCC antibodies was considered as a criterium of infection.
The results are reported in Table IV.

Tab I e IV. HI-titres in serum from dogs given different amounts
of HCC virus per os.

Infectious dose HI-titre
Dog in TCID60 Day of bleeding
number 7 13 16 22

4 40 < 1/1·0 < 1/10 < 1/10 < 1/10
5 400 1/10 1/40 1/40 11160
6 4000 1/10 1/40 1/8{) 1/160
7 40000 1/10 1/80 1/160 1/320
8 40OQO{) 1/10 N.D. 1/160 1/320

N.D. Not Done

It is obvious that infection was initiated by a virus dose of
400 TCID so but not of IjlOth of that dose. From the dogs material
was taken from the tonsillar region by throat swabs and from
the rectum by rectal swabs. Attempts to isolate virus from the
specimens were made. The results are shown in Table V.

As might have been expected dogs given a large infectious dose
began to excrete virus from the tonsils at an earlier stage than
dogs given a low dose of virus. The virus amounts seem to be the
same. The excretion continued for a long period - at least for
5 days. The first positive virus isolation from rectal specimens
was made on the 4th day after infection. The material was taken
from the dog given the highest concentration of virus. Dogs
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Tab leV. Virus titres in specimens from dogs given different
amounts of HCC virus per os,

Dog Test material Virus titre on day
number 2 3 4 5 6 7 8 10

4 Throat specimen
5 " "

N.D. 0.7 1.7 N.D.
6 " "

1.25 1.5 1.5 1.7 2.3
7 " " :::. 1.5 1.9 2.1 2.1 2.5
8

" " 0.9 1.3 1.5 1.9 1.5

4 Rectal
5 " " N.D.
6

" " 1.3 0.9
7

" " 1.3
8

" " 1.3 0.9

N.D. = Not Done

number 6 and 7 showed the presence of virus in the rectal con
tents at a later stage. Somewhat remarkable is the fact that virus
could be detected in rectal contents for only a few days. However,
the virus titres in these specimens are rather low. It may happen
that the specimens now accounted for as negative in reality con
tained a small, not titratable amount of virus. The last specimens
were taken from the throat and rectum on the 10th day after
infection. All of them were negative. Thus, excretion from the
tonsils and from the intestine at this stage (10 days after infec
tion) does not seem to play any role from an epizootiological
point of view. As the relation between the obtained amount of test
material and the volume of medium in which it was suspended,
could not be the same from specimen to specimen, direct com
parison between the different virus titres should be made with
caution. During the experiment the temperature was recorded
for 10 days after infection. Only dogs 7 and 8 showed a minor
increase in body temperature between days 4 to 7 after infection.

The connection between the presence of virus in the tonsils
and in the intestinal tissues was studied further in several experi
ments. Some of them are reported below. In the first each of six
dogs were given 0.1 ml. HCC virus per os. The dogs were killed
at an interval of 12 hours between each animal - the first taken
24 hours after infection. A series of specimens, especially from
the small intestinal area, were excised and titrated. The results
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Tab I e V I. Virus titres in various specimens from dogs given HCC
virus per os.

"

Test material

Tonsils
Small intestinal wall:
Specimen 1-9

10

Virus titres
Hours after infection

24 36 48 60 72 84

1.7 3.9 3.7 2.5 3.7

1.0 1.0

"
"
"
"

0.75
1.7
1.5
1.7

"

"

N.D.
0.9
1.1
1.0

Contents in small intestine :
Specimen 1-6

7
8
9
10

Peyer's patch:
Specimen 1-8

" 9
" 10

Mesenteric lymph glands
1.0
3.5 2.5

N.D. = Not Done
- = :::0.5

are shown in Table VI. As usual virus was found in the tonsils
at an early stage (36 hours P .1.). Isolated virus findings in the
intestinal wall and in the Peyer's patches were made 72 hours
after infection. At the same time a high titre of virus was recorded
in the mesenteric lymph gland. The activity detected in the in
testinal contents on the second day after infection probably must
be considered as originating from the virus administered. The
next experiment was of the same type as the one just mentioned,
with the exception that the specimens were taken at a later stage.
The results of the virus titration are given in Table VII.

In all, 54 intestinal wall specimens were examined. Only two
of them were positive. Of 57 specimens of Peyer's patches 9 were
positive. Generally these were taken from the last half of the small
intestine. In dog no. 2 virus was found in the mesenteric lymph
glands in spite of the fact that no virus could be shown in the
intestinal wall or in the Peyer's patches. The same has been the
case in several other dogs , killed at the same time after infection
(4 days). Apparently, the sites of virus growth in the intestine
can only be scattered small areas.
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Table VII. Virus titres of different specimens from dogs infected
per os,

Virus titre on day
Test material 4 5 6

Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6

Tonsils 3.9 3.9 3.9 N.D. 3.1 1.9
Superior deep cervical
lymph glands 3.7 3.3 3.9 1.9 2.7 1.5
Mes-enteric lymph glands 1.5 4.7 3.7 3.7 4.5
Liver 2.2

Small intestinal wall:
Specimen 1-8

" 9 0.9 1.3

Peyer's patches:
Specimen 1-2

"
3 2.9

"
4

"
5 2.5

" 6 N.D.

" 7 1.7

" 8 2.1

"
9 0.9 1.7

"
10 N.D. 2.7 N.D. 2.5 1.0

= .::: 0.5
N.D. = Not Done

In the last experiment reported here, dogs were given freeze
dried HCC virus in gelatine capsules per os. The purpose was to
investigate whether dogs could be infected if the tonsillar area
was excluded, i.e. if the virus could be absorbed by the intestinal
epithelial cells or by the lymphoid cells in the intestine and mul
tiply there. Twentytwo dogs were fed with HCC virus capsules.
In fourteen of the dogs, virus was unfortunately brought into
contact with the tonsils by mistake. Of the remaining 8 dogs 4
were completely negative (no virus could be found), while 4
showed the presence of virus in the mesenteric lymph glands but
not in the tonsils or in the superior deep cervical lymph glands.

DISCUSSION
During the last years there has been reported findings (6, 10,

12,26) which justify the inclusion of HCC virus in the adenovirus
group. Of the pathogenesis of adenovirus infection in humans,
certain features are known. Thus, virus has been isolated from
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lymphoid tissue as the tonsils, the adenoids (11) and the mesen
teric lymph nodes (13 ) . Virus was also present in pharyngeal
secretion and in human stools (2, 13, 27). Definite proof for
association with enteric infection has also been furnished.

The pathogenesis of HCC seems in certain respects closely
similar to that of adenovirus infection. Part of the orally given
HCC virus was absorbed in the surface of the tonsils. There the
multiplication started very soon and virus could be isolated 24-36
hours after infection. From the tonsils virus was obviously carried
with the lymph to the draining superior deep cervical lymph
nodes and was there detected on the third day. Virus was then
transported to the supraclavicular lymph glands and then to the
blood via the cervical lymph ducts and ductus thoracicus or right
lymphatic duct. Viraemia was demonstrated on the 4th day after
infection. On the following days virus was apparently spread over
the whole body. Thus, virus was isolated for instance from the
liver, spleen, lungs and kidneys on the 5th day.

Sporadic findings of virus in the Peyer's patches and in the
small intestinal wall were made on the 3rd and 4th days. More
regular findings were obtained only from the Peyer's patches on
the 5th and 6th days. Material from mesenteric lymph glands was
positive on the 4th day and exceptionally so on the 3rd day .

The fact that virus could be demonstrated at an early stage
in the mesenteric lymph glands but not in the intestine, indicates
that HCC virus multiplication might occur only in a few sites in
the intestinal wall, and that these sites remain small and circum
scribed. Consequently it seems as if the virus is regularly absorbed
by the lymphatic tissue in the pharynx and occasionally also by
cells in the small intestinal wall. After multiplication of the virus
in the intestine, it is carried via lymph channels to the mesenteric
lymph nodes. From them virus is transported to the blood via
mesenteric lymph vessels and by ductus thoracicus, thus con
tributing to the viraemia.

The virus excretion in the faeces, sometimes also for a long
time after recovery, at some adenovirus infections is very im
portant from an epidemiological point of view. This can hardly
be said to be the case in HCC. Table V shows that virus occurs
only sporadically and only in minimal amounts in the faeces. This
may perhaps be explained by the circumstance that the sites for
virus growth in the intestinal tissue seemed to be small. The virus
excretion was of short duration. Thus, ten days after infection
feacal transmission of infection seems not to occur.
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SUMMARY

The pathogenesis of HCC virus infection in the dog has been in
vestigated. Dogs were infected with virus given per os. After multi
plication in the tonsils and in the draining lymph nodes virus was
carried to the blood via the' cervical lymph vessels. Virus was also
absorbed to cells in the wall of the small intestine. In those cells as
well as in the draining lymph nodes a multiplication took place and
virus was then brought to the blood by the lymph in vessels from the
mesenteric lymph nodes and via ductus thoracicus. By the blood virus
was spread over the whole body and was detected in several organs
among them the liver. This was shown 3-5 days after virus was detected
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in the tonsils. It was also demonstrated that dogs could be Infected
when ·the virus was given in gelatine capsules. The tonsils thus were
excluded from possibility to absorb virus and the infection probably
was initiated by absorbtion of the virus to cells in the small intestine.

ZUSAMMENFASSUNG

Studien libel' das Virus des Hepatitis Contagiosa Canis (HCC) .
IV . Die Pathogenese von Hepatitis Contagiosa Canis bei Hunden.
Eine Untersuehung in Bezug auf die Pafhogenese der HCC beim

Hunde wurde unternommen. Die Tiere wurden per os mit Virus in
fiaiert, Nach einer Vermehrung in den Tonsfllen und regionalen Lymph
knoten gelangte das Virus fiber die Halslyrnphgefasse in den Blutkreis
law. Es wurde des weiteren an Zellen del' Diinndarmwand absorbiert,
In diesen Zellen wie auch in den regionalen Lymphdrtisen fand eine
Virusvermehrung statt, Von dort aus gelangte der Infekbionsstoff fiber
Lymphgefasse del' Mesenteriallymphknoten via ductusfhoracious in
den Blutkreislauf. Mit dem mute wurde das Virus im Gesamtorganiemus
ventedlt und konnte in mehreren Organen, u. a. in der Leber nachge
wiesen werden, Dies geschah 3-5 Tage nachdem das Virus in den
'I'onsillen festgestellt worden war. Es konnte weitenhin gezeigt werden,
dass die Hunde auch mittels Virus in Gelatinekapseln per os infiziert
werden konnten.

Mittels diese Methode konnte die Moglichkeit einer Absorption von
Vdrus an die Tonsdllen ausgesohlossen werden. Daraus ist zu schliessen,
dass die Infektion durch das Virus nach dessen Absorption an Zellen
del' Diinndarmwand initiiert wurde.

SAMMANFATTNING

Studier over Hepatitis Contagiosa Canis virus (HCC).
IV. Patogenesen vid Hepatitis Contagiosa Canis hos hundar,
En undersokning over- patogenesen vid HCC hos hund genomtor

des . Hundarna infekter ades med virus per os, Efter forokning i tonsil
lerna och i de regionara Iymfkortlarua fordes virus via halslymfkarl
till blodet, Virus absorberades liven till celler i tunntarmsvaggen, I
dessa celler avensom i tarrnens regionara lymfkortlarr agde en virus
forokning rum. Darifran fordes Infektionsamnet med Iymfkarl fran
mesentertallyrnfkortlarna vi-a ductus thoraoicus till hlodet. Moo detta
spreds virus over hela organismen och kunde pavisas i flera organ
bI. a. i levern, Detta Intraffade 3-5 dagar efter del att virus hade upp
tackts i tonsillerna, Det kunde ocksa visas aU hundarna infekterades
aven da virus tillfordes per gelatinkapslar. Da sa skedde uteslots mo]
ligheten ,for absorbtion av virus till tonstllerna, Infektionen bor dA ha
initierats genomatt virus absorberats till celler i tunntarmsvaggen.

(Received April 4. 1963).




