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SUMMARY

;Ifat)e' ; ;bb",‘ 1€£ rr\?‘)lf"w IQ/ the present knowledge al?our c:aning viral em.erz'tis,.the role
e parvoviral, corom{wn'zl and rotaviral infections in conagious diarrhoea
4 ogs in the Netherlands is discussed.
st‘;; ti‘ Z;S gfw‘l;(fse c'I. serologic survey, pa_thologicﬁndings in dogs, and !fze demon-
developed ;x)a’vm dlral antigen with an immunofluorescence test and with a newly
e ema sorptzon-elutxon-haemagglutmanon assay (HEHA) are presen-
g is conc{udea’ that infections with canine parvovirus, ¢
ppear widespread among dog populations in the Netherlands.

oronavirus and rotavirus

reports of similar outbreaks came from
the USA, where a canine coronavirus

:}I:eth;) past year the general public, including
utch veterinary profession, has re-
lt):aitedly peen startled by reports of con-
msrtl)us diarrhoea in dogs. This article sum-
concZ:s ipresent knov!'ledge in the Netherlands
measu: ng canine viral diarrhoea as well as
At the ses to prevent viral enteritis in dogs.
in con ame' time ?ndeavours are being made,
to wm{;eratlon' W.lth more research workers,
of n the insight into the epizootiology
contagious enteritis in dogs.

Editors-in-Chief.

A

?:‘tr}‘lzfdemﬁotlcs of contagious diarrhoea
by vete :?g ave reggl_arly been recognized
lands 1f{nary practitioners in the Nether-
of a .hi }?IWCVCF, w§despread ‘outl?reaks
Charactf ly contagious enteric disease,
haemorrgzeq by vomiting and an often
only £ agic diarrhoea, seem to date

y from the last three years. The first

2 C

(CCV) was isolated from faecal and intes-
tinal specimens (9)- This or a similar virus
had been isolated previously from dogs
with diarrhoea 7. Ina retrospective
study it was shown that although not
associated with enteric disease, CCV
must have been present in dogs in the
USA during the last few years (2). A se-
cond series of outbreaks of a more se-
rious diarrhoeal disease in the USA was
associated with 2 newly recognized par-
vovirus of the dog: canine parvovirus
(CPV). In later studies CPV prgved to be
closely related to the yirus which causes
panlcukopenia in the cat (3, 8, 21). From
1978 onwards CPV has been found in
faeces of dogs involved in outbreaks of
vomiting and diarrhoea all over the
world. Also in our country parvovirus-
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like particles were observed in stools of
dogs with diarrhoea and the virus was
isolated in cell cultures (21). During the
initial outbreaksina breeding colony and
boarding kennels in the Netherlands in
1978 mortality rates were high, especially
among younger dogs (21). As in the out-
breaks in other countries, the intestinal
lesions were very similar to those of feline
panleukopenia (13,21). Apart from orin
combination with gastrointestinal dis-
ease, infected young puppies also deve-
loped myocarditis of varying severity
with large numbers of intranuclear virus
particles present in the nuclei of myocar-
dial cells (14). Recently also rotaviruses
which are known to cause diarrhoea in
many species, including man, have been
associated with enteric disease in the dog
(12). In the present paper the findings of
our respective institutes on the subject of
viral diarrhoea in dogs are compiled
which might give an indication about the
incidence of the different virus infections
in the Netherlands. In addition the pre-
sent knowledge about these infections is
briefly reviewed.

CANINE PARVOVIRUS (CPV)

Viruses of the family parvoviridae are
small (18 to 26 nm in diameter) unevenve-
loped particles with an icosahedral sym-
metry and a genome consisting of a single
molecule of single-stranded DNA. They
are very resistant to physical and chemi-
cal influences. For their replication, viru-
ses of the genus parvovirus depend on
certain cell functions displayed during
the late S-phase of cell mitosis. Conse-
quently virus replication takes place es-
pecially in rapidly dividing cells as they
are found, for example, in the intestinal
epithelium and the foetus. Parvoviruses
are encountered in a number of animal
species in which at least some of them may
cause disease symptoms (1, 25).

The first isolation of a parvovirus from
dog§ dates from 1970: the minute virus of
canines (MVC), This infection does not
seem to be associated with disease symp-
toms. No antigenic relationship with any
‘of the known parvoviruses could be de-
monstrated (6, 25). CPV is another par-

182

vovirus of the dog. which was almost
simultaneously isolated from dogs with
diarrhoea in many countries all over the
world. Just as the virus which causes
mink virus enteritis, CPV is closely re-
lated to feline panleukopenia virus
(FPV): two-way cross-reactivity was de-
monstrated in haemagglutination inhibi-
tion, immune electron microscopy, im-
munofluorescence, and virus neutrallzg-
tion tests (3, 8,21). Serologic surveys in
the USA, Australia, and in our country
suggested that CPV was a new virus ofthe
dog (8,21, 28).

The disease

Clinical signs of CPV infections vary
greatly with the age of the infected do_g,
its general condition, environmentgl cir-
cumstances, and secondary bacterial in-
fections. From the observation that
many adult dogs have developed antibo-
dies against CPV during the last few
years (Table 1) without developing overt
clinical signs or without being vacc-
nated, one may conclude that many CP
infections take a subclinical course. In
spontaneous cases with diarrhoea the n-
cubation time is not exactly .knO\.vn: in
experimentally induced infections it ran;
ges from two to four days (17). 1t1s mltgss
likely that natural infection usually ta e_
place by the oral route, although expe
rimentally other routes of mfect{O?l
proved to be successful (4). The first sxgt
of infection in the dog is oftena recur_rﬁl}n
vomiting, followed by diarrhoea wit L,s
one day. The consistency of the faecri-
may range from soft to fluid, with va
able amounts of blood. At the onset Qs
the disease the colour of the faece;fesle
grayish in most cases. Apart from tl -
gastrointestinal symptoms a genera iy
pression with anorrhexia is frequen
present.

Especially young pups and smgll dongs
may suffer from rapid dehydration % "
die suddenly. During the first four of e
days the animals often d_evelop slet\:am-
leukopenia and in this period rectad T
perature may be slightly elevate o
older dogs also normal temperatures o
found during this period of leukope
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Table |. Percentages of dogs with antiviral antibodies.

Percentage of positive dogs (total number tested) for:

Sera from Year
Open population? 1974
Closed colony A 1974
1976-
Open population? 1979
Closed colony A3 1978
Closed colony B 1978
Closed colony C 1978
Dogs with diarrhoea 1978-
1979

Parvovirus Coronavirus Rotavirus
HAI = 8 IF =2 20 CF=5

0 (100) 12 (26) 12 (25)

0 (61) 0(25) 4(25)

6 (50) 4(19) 32(17)
93 (46) 41 (29) 70 (30)
73 (22) 28 (18) 71 (14)
88 (32) 9 (32) 92 (26)
64 (33) 36 (33) 63 (8)

! number of dogs tested

) : .
submitted to Small Animal Clinic, Utrecht; no diarrhoea

3w . .
with serious diarrhoeal problems

(2)f. In pups up to seven months of age,
g}aic_tlonfzc\{lth CPYV may lead also to car-
insufficiency ¢ -
g y caused by a focal myo
th?se young animals, which may have
fiu ered from gastrointestinal disease
first, show an acute dyspnoea with vomit-
_lp% and a gener.al weakness. They may die
Zuhc‘ie.nly or, if they survive, they may
c?( ibit cardiac ‘soufles’ and insufficien-
ble;. Cha}nges in the ECG are manifest
Ee ore clmlcal_sngns have developed (23).
u:up;?ment?l infection of dogs with CPV
y results in ild di -

toms (4. 18, 211, very mild disease symp

Pathology and histopathology

Lf}lladogs with diarrhoea, morphological
tina!}l%es are usua_lly confined to the intes-
tina iral.ct. In typical cases the small intes-
i l§ ocally c!llated and turgid, with a
seru iar hose-like stiffness, an irregular
osal surface, and often with obvious
tg&egaﬁmla and pinpoint petechia visible
The r% the serosa of Q1lated segments.
ot ucosa is red, with sometimes a
tion y pseudomembranous inflamma-
haempfesent: In t.he lumen a watery or
v }?rrhaglc fluid is found. Mesenteric
ph nodes are often swollen and hae-

‘}fll?frhagxc (10, 13).
atﬁoi?glcglly a hyporegenerative villous
il II_;S )f/ with shprtened or even without
cysti ound (Fig. 1). The crypts show a
¢ enlargement and are filled with
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mucous and with desquamated and dege-
nerated epithelial and occasionally syn-
cytial giant cells (Fig. 2). Also areas with
total depletion of epithelial components
and focal regenerative epithelial hyper-
plasia may be seen. Moreover, hyperae-
mia and small haemorrhages are seen in
the lamina propria, the submucosa, the
musculature, and the subserosa (Fig. 1).
Basophilic nuclear inclusion bodies are
occasionally found in epithelial cells of
remaining crypts. In nuclear inclusions
and in necrotic debris in crypts, parvovi-
rus particles can be demonstrated by
electron microscopy (3).

Pups which died suddenly by cardiac
insufficiency ~show oedema of the
lungs, clear yellow fluid in the body cavi-
ties, congestion of the liver, and a pale,
often mottled appearance of the myocar-
dium at autopsy. Histologically a mono-
nuclear myocarditis of varying extent is
present, with large nuclear basgph}lic and
Feulgen positive inclusion bodies In myo-
cardia) muscle fibers (Fig. 3). Ultrastruc-
turally these inclusions contain large
numbers of parvovirus—like particles (5,

14).
Prevention

Sanitary measu
ance of direct

res, including the avoid-
contacts between dogs
and of contact with a potentially conta-
minated environment, may reduce 'the
spread of CPV. However, since the virus
is extremely resistant to physical and
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}

especially in the mucosa, and hae-
of the mucosa and villous atrophy

th remnants of crypts filled with desquamated
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Fia. 3. . . g ce -
ig, Pup infected with CPV: Mypearditis wit basophilic intranuclear inclusion bodies (arrows)

(HE 100x).

tflhemxcal influences and is excreted with
aeces and probably also with urine and
other secretions and excretions, preven-
:)lon of CPV disease should preferably be
ased upon prophylactic vaccinations of
Susceptible animals.
;rt}r’;t:éoze antigenic relationship demon-
lopic etween CPV and FPV in sero-
Cir%es (:.jsts raised the expectation that vac~
feline eveloped fqr the prevention of
for o panleukopenia could also be used
dog glpri)evenu’on of CI?V disease in the
vacéine both live and inactivated FPV
undor S 1t has been demonstrated that
. certain conditions they may protect
&S against challenge with virulent
Prote-ct\i)glth 'mactive}ted vaccines better
admnint n was optamed when they were
Ministered twice (3). However. live
minedvz}ccmes that have not been exa-
Should or their pathogenicity to dogs
2ocin rifeferably not be used at present.
pregnaatl%r'l of young puppies and of
hor licn itches wnl} live FPV vaccines
i ensed for use in dogs should cer-
Spec%icng‘tpbe adv.lsed.‘ Incorporation of
tion progra\r,n‘:af%c“zics in roltlatme vaccina-
S r s N P
needed in the near fzgt,;l):.l probably be

CANINE CORONAVIRUS (CCV)

Vir :
Ple(l;ses of .lhe family Coronaviridae are
morphic particles with a diameter

Tue Virg
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ranging from 60 to 180 nm. They contain
a single-stranded RNA gennme and an
envelope covered with widely spaced pro-
jections which measure about 20 nm and
cause the corona-like aspect of the par-
ticle (corona, L. = crown). Viruses of this
family are more sensitive to physical and
chemical influences than parvoviruses.
Coronaviruses infect different animal
species, including man, in which respirat-
ory, gastrointestinal or other symptoms
may be caused.

A canine coronavirus which proved to be
closely related to transmissible gastro-
enteritis (TGE) virus of swine was first
isolated in Germany in 1971 from dogs
with gastro-enteritis (7).

The presence of the virus in dogs in the
USA was demonstrated by virus isola-
tion in 1976 (2) and in Autralia in 1978
(24). In the Netherlands, only serological
evidence has so farindicated the presence
of coronavirus in dogs (Table I).
Experimental infection experiments have
shown that TGE virus can replicatc in
epithelial cells of the canine intestinal
tract, without causing morphological or
functional alterations (16).

The disease

Clinically the discase caused by CCV is
difficult to differentiate from gastrointes-
tinal disease caused by CPV. As in the
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latter, symptoms seem to vary greatly
with the age of the animal, its general
condition, environmental circumstances,
and secondary bacterial infections. High
percentages of seropositive dogs (Table
1) which apparently have not shown any
clinical symptoms indicate that many
dogs must have been infected subclini-
cally with this or a related virus

Clinical symptoms develop after an incu-
bation period of one to five days (9). The
virus probably enters the body via the
orale route and first replicates in the
epithelium of the small intestine. The first
symptoms are a sudden decrease in appe-
tite and loose stools. These signs may be
preceeded or accompanied by vomiting,
although this is supposed to occur less
frequently than in cases of parvoviral di-
arrhoea. Faeces contain variable
amounts of mucus and blood, tend to
have a yellowish colour, and may vary
considerably in consistency. Body tempe-
rature is increased in some cases. Leuko-
penia is less pronounced than in cases of
CPYV infections and is usually not recog-
nized. Although most dogs recover
within two weeks, persistent diarrhoea
for three to four weeks has been reported
(2). Especially young pups may suffer
from rapid dehydration and lethality
may be high in these animals. Experi-
mental CCV infection of dogs was mild

without exception: not all dogs deve-
loped diarrhoea ().

Pathology and histopathology

In experimentally infected pups intesti-
nal loops are dilated and filled with a
thin, watery materia] (15). In naturally
occurring disease lesions may be more

goblet cells, deepening of the crypts
which have anintact epithelia] lining, and
by an increased cellularity of the lamina
propria (15), Coronavirus particles can
be demonstrated electron-microscopical-
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ly in the cytoplasm of the epithelial cells
covering the villi but are absent in those
lining the crypts (15, 26).

Prevention

At present, with no CCV yaccin; avai-
lable, prevention of CCV disease in giogs
should be based mainly upon sanitary
measures. Special attention should be
paid to removal and decontammatl_on of
faeces and isolation of potentially infec-
ted animals. However, similar measures
proved largely unsuccessful in stopping
the spread of the virus: in breeding colo-
nies in the Netherlands, which we screen-
ed serologically, the infection was or
had become endemic during the last few
years, in spite of the usual hygienic regim-
ens (Table 1),

ROTAVIRUS

Rotaviruses should probably be included
as a new genus in the family Reoviridae.
Intact particles measure approx. 70 nm,
are unenveloped, and have been des-
cribed as double-shelled: the capsid con-
sists of a double layer of capsomeres, the
inner of which has an icosahedral SY?‘"
metry. The appearance is su_ggestwe oLa
wheel, hence the name rotavirus (rota,blé
= wheel). The viral genome is a dou
stranded and segmented RNA. -
Rotavirus infections are very common Iln
young individuals, inclpdmg maﬂ}-1 v
many instances these infections ha °
been associated with enteritis and d_lars
rhoea, although symptomless mfectxorrll
do occur, especially in colostrum-fed a
adult animals (18).

A rotavirus he(ls r)xot been isolated frotr;l
dogs in cell culture, which may be duevi—
the extreme difficulties to adapt thest’:rus
ruses to passage in cell culture. Ro_ta:i'liar_
particles have been demgnstrated in i
thoeic faeces of a dog (12) and exp o
mental infection of d ogs with rotaerlgon
human origin resulted in virus re.pllcao "
and even spontaneous infection el
contact dog (27). Similarly we succee -
in demonstrating the replication of roup-
virus of porcine origin in very young 2ion
pies after experimental oral mfe% oyt
(unpublished observations). In

pER 1980
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cases, however, no diarrhoea or other
illness was observed. Also antibody sur-
veys in dogs indicated that these animals
were naturally infected with rotavirus
(19, Table 1). Whether under field condi-
t@ons inter-species infections, or infec-
tions with a specific rotavirus occur, is
not clear and the significance of young
dogs for the epizootiology of rotavirus
infections in other species cannot be eva-
luated at this moment. As in other animal
species (18), caution should be exercised
in ascribing etiological significance to the
detection of rotavirus in diarrhoeic faeces
qf the 'do g. Prevention of rotavirus infec-
tions in other animal species is mainly
achieved by a combination of hygienic
measures, ingestion of adequate amounts
of colostral antibody, and vaccination of
either the young animals or their mothers
(18). Whether the development of a vac-
cine for rotavirus infections in dogs is
desirable is questionable at the moment.

PREVALENCE IN DOGS 1 -
PREVA N THE NETHER

Serologic survey

Sera collected from Dutch dogs of diffe-
rent origins (at different times) were tes-
ted for the presence of antiviral antibo-
dies. Antibodies against CPV were
d?‘“_’?nStrated in a haemagglutination in-
hibition (HAI) test (21). In a heterolo-
gous indirect immunofluorescence (IF)
test with TGE virus infected cells as an-
tigen (21, 23) sera were tested for the
presence of antibodies against coronavi-
rus. Of course they may be caused by an
infection with CCV but also by TGE
virus infections. Antibodies against rota-
virus were demonstrated in acomplement
ﬁxathn (CF) test with bovine rotavirus
as antigen (18). Titers lower than respec-
tlvel.y‘g, 20, and 5 were not considered
specific. The results of this survey are
shown in Table . In sera collected in
1974 f.rom the open population and from
breeding colony A no antibodies against
were demonstrated. In some
of the sera, antibodies against corona-
erus and rotavirus were found.
n sera of dogs in the open population
collected in the periode from 1976 to 1979
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antibodies against all three viruses were
found. The first serum with antibodies
against CPV dates from November 1977,
the others from 1979. In sera collected
from the closed colonies in 1978 after the
outbreaks of diarrhoeal disease had star-
ted, antibodies were found against all
three viruses: in sera from colony A with
serious problems of diarrhoea, but also
from colonies B and C where no prob-
Jems had been recognized. Also in sera of
dogs from all over the country with se-
rious diarrhoeal problems antibodies
against all three viruses were found.
However, no paired serum samples of
these dogs were tested and at Jeast a num-
ber of them may not have been ill long
enough to develop antibodies.

Pathologic findings

In the Netherlands pathologic findings
similar to those of CPV infections were
first recognized at the end of 1977. Both
the intestinal and the cardiac form were
seen at that time. Since then the disease
showed and increasing incidence. Whe-
reas in the beginning the enteric form was
seen in both young and older dogs, the
scene has changed and now mainly young
dogs up to one year of age seem to be
affected. The cardiac form has been seen
in pups of 3-10 weeks old with sudden
and unexpected death. _ .

Recently, however, also chronic _cardxac
insufficiency due to CPV infection has
been observed in older pups. From Janu-
ary 1979 up to May 1980 in autopsy ma-
terial of at least 26 submitted dogs from
all over the country ‘typical’ CPV lesions
were encountered in intestines and less

frequently in hearts.

Demonstration of viral antigen

Frozen sections of small intestines and
kidneys of dogs from all over the country
which had died with symptoms of conta-
gious diarrhoea and which h‘ad shown
intestinal lesions were testgd in an indi-
rect IFT with 2 feline anti-CPV serum
(21). A serum of an SPF cat was _used asa
negative control serum. Intestm:_ﬂ. sec-
tions of 16 out of 47 dogs were positivein
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the IFT (Fig. 4). In four of these dogs
antigen was also demonstrated in the kid-
neys with this method (Fig. 5). In none of
the dogs could coronaviral antigen be
demonstrated inasimilar [FT witha por-
cine anti~-TGE virus serum.

In addition we developed a rapid method
to demonstrate parvoviral antigen di-
rectly in the faeces of the dog: a haemad-
sorption - elution - haemagglutination
assay (HEHA) which had originally been
developed for the demonstration of coro-
naviral antigen in bovine faeces (11).
Briefly, the assay is performed as follows:
parvoviral antigen present in a fae-
cal suspension is adsorbed to feline ery-
throcytes for one hour at 4° C. The an-
tigen is then eluted from the cells for one
hour at37° Cand subsequently used in a
haemagglutination (HA) test, again with
feline erythrocytes (21). Positive samples
are assayed in a HAI test with a feline
anti-CPV serum (21) and a control (SPF)
feline serum, to demonstrate the specific-
ity of the HA for the presence of parvovi-
ral antigen. With this test we screened
faecal samples of 50 dogs with acute diar-
rhoea from all over the countryduringthe
last few months. Samples of 3! of these

Fig. 4.
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animals gave a positive HA with feline
erythrocytes, which could be inhibited
with the specific anti-CPV serum and not
with the control serum in 20 cases. Con-
sequently only in these cases was HA
activity considered indicative for the pre-
sence of parvoviral antigen. So far we
have no data about the sensitivity of this
HEHA as compared to other assays, such
as IEM and IF tests. Further studies w@ll
be needed to evaluate its value for rapid
diagnosis of CPV infections in the dog
and possibly also of FPV infections of the
cat.

Conclusions

From the serologic data presented it can
be concluded that infections with CPV,
and rotaviruses are widespread among
dog populations in the Netherlands at
this moment. We may also conclude t}lqt
many of these infections, run a.subclmlx-
cal course in dogs and that only incertain
conditions is infection with these viruses
associated with clinical symptoms. Re-
sults of pathological and histopathologi-
cal examination of a limited number of
dogs suggested that CPV infections occur
regularly in the Netherlands in associd-

. . . . : ine
: Indirect immunofluorescence of Jejunal section of a dog with diarrhoeal disease, with 2 feli
anti-CPV serum. Note immunofluorescence in crypt (100x).
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flg. 5- lndlrecl lmmunoﬂuolesce“ce (o] d"e SE! s
‘ ki Y 1 g
ction Oi a do W]lh dla”ilOESl dlsease Wlul a teline
a"u'Cl v-serum. l‘ote lllllllUllO“UOleSCeuce n glo”lelulus (loox)-

gi(;?d\ylth eqteric and also with myocar-
dal t1)sease in young dogs. This is confir-
e ey }h; dem.onstration of parvoviral
withg n in mtestmes.and kidneys of dogs
indiremtfnll]ar case histories by means of
e dec FT an'd, on the other hand, by
directlmgnstratnon of parvoviral antigen
by mey in faeces of dogs with diarrhoea
o ralns of the newly developed HEHA.
as ole played by infections with CCV

rotavirus in outbreaks of contagious

diarrhoea in the Netherlands is not clear
at this moment. Further studies are re-
quired to evaluate the conditions which
determine the pathogenicity of these vi-
ruses, infecting the dog either simulta-

neously or alone.
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