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INTRODUCTION

The increased use of tlassue culture and electron .
microscopy as dlagnostic tools in small animal medlcine has‘
recently led to the addition of canine coronavirus (CCV),
canine parvovirus (CPV), and rotavirus to the 1list of
viruses assoclated with enteritis in the dog. In contrast
to CCV which was apparently present in the canine population
for some time before it was assoclated wlth enterltis, CPV
appears to be a new pathogen of dogs.

Soon after CPV was recagnized, it was shown to be
serologically indistinguishable from feline panleukopenla
virus (FPV). This serological relationship led to the use
of FPV vaccines-in dogs in an effor§ to prevent CPV
infeetion. But, thelr efficacy in dogs had not been
est#blished.

_The present study deals with the relationship of CPV to
FPV and to mink enteritis virus (MEV), another serologically
related parvovirus., The study was undertaken to discover
markers that could distinguish individual isolates of CPV,
FPV, and MEV and to evaluate the antigenic relationship of
CPV and FPV by determining if FPV vaccines could, in fact,
be &sqd‘to protect dogs against CPV enterltis. To
aqcompiish this latter objective, a vaccination-challenge

Procedure had to be established.



LITERATURE REVIEW

Enteric Viruses of the Dog

Viral enteritis in the dog manifested by vomiting and
diarrhea has long been associated with systemle ilnfections
of canine diatemper virus and infectious canine hepatitis
virus (Severin, 1968). In neilther case, are the symptoms
confined to the gastrointestinal system.

In 1971, Bimnn et al. (1975) isolated a coronavirus

from milltary dogs in Germany that were undergoing an
splzootic of dlarrheel dlsease., The virus was shown by
serum neutralization studies to be antigenically related to
transmissible gastroenteritis virus (TGE), a coronavirus of
gwine, but swine anti-TGE sera neutralized the canine
cbronavirus virue at cne-sixteenth the level it neutrallzed
TGE virus, Infectlvity studles .conducted in neonstal and
2.5~month-o0ld seronegative pigs indicated that a tissue
culture preparastion of the canine origin virus was not
pathogenic for or able to cause seroconversion in swine,
In dogs, dilarrhea could be experimentally produced in 2
lltters of 3~ to 5-day-old pups, but the dems remained
asymptomatic. All the dogs seroconverted. The passage of
the virus 1in tlssue qulture may have affected 1ts virulence
for adult dogs. L

In 1972.Ian outbreak of acute dlarrhea, vomiting, and

anorexla occurring in dogs at & breeding kennel was reported
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from England (Cartwright and Lucas, 1972). Although the
younger pups in the kennel appeared to show more severe
signs, all the dogs wWere infected and one of the 40 dogs
dled, =a 35week-old-pup. No pathogqnio bacteria were
i1solated and attempts to isolgte virus in a canine kidney
oell"liné‘and primary poroine kidney cells failed. Sera
collected at intervals followlng the outbreak showeﬁ a rise
In antibody titer to TGE virus although none of the dogs
had access to pigs. The serologloal evidence would indicate
that CCV was involved in this outbreak.

The presence of antl-TGE antibedy in the dog population
was dlaqove:qd prior to the isolatlion or'ccv by Binn et 2%3
(1925), Hﬁelterman (1962) reported that dogs and foxes fed
TGE virus lnfected pig gut would shed the virus for at least
7 days and show seroconversion by a constnthserum-;ar&ing
virus neutralization test. No clinical symptome were
observed in any of the animals. This led Norman et al, (1970)
to evaluate the incldence of TGE antibody in dogs from the
midwest United States, Serum samples from 116 dogs with
differeﬁt histories were tested. Only doga from a
hygterégtgmy-Qerived closed colony were consistently free of
antibodys',Adult dégs of mixed breeding, adult beagles f?om

a closed colony, and 6= to i0-week-old besagle pups from 3
different commercial suppliers of laboratory aﬂimals héd

antibody to TGE. In all, 72 dogs which had no contact with
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swine were positive indicating the antibody was to a viral
agent. that could perpetuate itself in dogs. Higher antibody
titers were seen 1n the older animals which the aufhors
attributed to elther persistent or recurrent infectlons.

The posslbility of low level maternal antibodies in the pups
was not consldered. '

Additional sfudies conducted by these same investigators
(McClurkin et al., 1970) dealt with the pathogenlcity of TGE
virus for dogs. Eleven dogs were fed 0.45 mloron flltered
TGE infected gut materlal twice at 21 day intervals. No
clinical signs were observed and viral isolatlon attempts
from fecal swabs using swine testlicle cells failed on all
but one sample taken at 2 days after the first feedlng.
Composites of rectal swéb materlal from all 11 dogs taken
7 and 14 days after the filrst feeding did produce disease
typleal of TGE in 2-day-o0ld plglets. Of the 11 dogs, only
9 showed seroconversion, 7 at only 1:5, and the antibody
levels obfalned were generally lower than those seen in
their previous survey (Norman et al., 1970). The work
1nd19ated. a8 dogs8 that of Haelterman (1962), that TGE can
replicate in dogs and dogs can transmlt TGE to pigs.
However, the low incldence of virus in the feces and the fact
that only 9 of 11 Qogs serologlically converted after two
oral &oses of wvirus leaves doubt that TGE virus perpetuates

itself 1n dogs. This would suggest that the antibody tlters
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seen in the earlier study (Norman et al., 1970) were due to
CCV and not TGE virus. The CCV may have been subc}inicél
sinée no enteritils assoglated wlith the dogs had been
mentioned.

In 1977, Eugster and Nairn (1977) reported a case of
diarrhea in a litter of 9-day-old pups. The feces were
described as being thin, watery, and light tan 1n color but
‘returned to normal by 11 days. The diarrhea wﬁs not con-
sidéred severe and no other clinical signs were observed.
Parasitological and bacterlological examinations of the feces
were negative but a cytopathic effect (CPE) with total cell
destruction in 6 days was observed when a fecal preparation
was inoculated onto Madin-Darby canine kidney (MDCK) cells.
By the third tissue culture passage, no CPE was observed and
no CPE was ever detected with primary canine cells. Electron
microscopic studles of the fecal materlal and the first two
MDCK pasesages revealed 18-20 nm dlameter particles which,
because of thelr morphology, were consldered to be parvo-
virqses. The fact that the virus could not be maintained in
tissue culture made 1t impossible to experimentally determine
1f the parvovirus was the causative agent of the dlarrhea
seen in the pups. It should be noted that Binn et al. (1970)
previously recovered a parvovirus, designated the minute '
virus of canines (MVC), from apparently normal dogs. Of 23

cell types tested, MVC would only grow in a canine cell line
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derived from a subdermold ocyst, but the susceptlbillﬁy of
MDCK cells was not determined. No pﬁthosenicity has been
assoclated with MCV but serological studles have indlcated
1t is widespread (70 percent) in the dog population (Siegl,
1976). This author suggests that the virus 1solated by
Eugster and Nalrn (1977) may have been MVC.

In July 19?8.'an eplzootic of contaglous and sometimes
fatal gastroenteritls in show dogs was reported with the
initial case being observed in mid-March {Carmichael, 1978).
There were vomiting and diarrhea with variable-amounts of
mucus and blood in the feées. The feces, which was often
"oranglsh", was exceptionally foul smellling. Animals
generally recovered in 7 to 10 days, however, there were some
deaths reported, particularly in young pups. A cofonavirus
was recgovered in cell culture from 5 widely separated
outbreaks, and the isolates were shown to be serologicaily
related to the CCV previously isolated by Binn et al. (1975)
(Appel et al., 1978). Experimental CCV infection resulted 1n
mlld symptoms of dlarrhea or soft feces which persisted for 1
to 2 weeks 1n some dogs while others remalned as&mptométlc;
The reason for the sudden occurrence of an enteric syndrome
assoclated wlth CCV infection is not clear since studles
indicated it was prevalent in the United States prior to 1978
(Appel et al., 1978; Norman et al., 1970). The number of

cases belng reported decreased dramatically arter a few months.



In the summer of 1978, Eugster et al. (1978a, 1978b)
noted cases of enteritis 1in dogs i1n which masslve numbers
of parvoviruses could be observed in intestinal contents by
elect;on microscopy. The clinlcal syndrome was reportedly
diffe?ent than that observed earllier with parvovirus
assoclated dlarrhea (Eugstér and Nalrn, 1977) and resembled
feline panleukopenia both elinically and histologically.

The morbldity approached 100 percent and the mortallity
ranged from 10 to 50 percent with the higher rates being
seen 1ln the younger animals. The clinical syndrome assumed
epidemlic proportlons in certain areas of Texas.

Similar outbreaks of canlne enteritis resembling feliné
panleukopenia were occurring simultaneously in Canada
(Thomson and Gagnon, 1978), Australia (Kelly, 1978), and
. Epgland_(Jeffer;eg and Blakemore, 1979). A definite
relationship between the canine parvovirus (CPV) and FPV
was established when it was shewn that intestinal
eplthelium from cases of enteritis in which CPV was
isolated, fluoresced when stained with FPV conjugate (Black
et al,, 1979). These same authors demonstrated a high level
of cross-reactivity between the two viruses with a serum
neutralization (SN} test. Cross-reactivity was also observed
wlth_pemagglutination inhibition (HI) tests by which CPV and
FPV(qéqld_not be differentlated (Johnson and Spradbrow,
1979). However, the fact that CPV would hemagglutinate
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porcine and monkey erythrooytes at 4 and 25°C was sald to
differentiate it from PPV which reportedly only agglutinates
porcine erythrocytes and then only at 4°C (Johnsan and
Cruikshank, 1966).

At approximately the same time as the canine enteritis
outbreaks, & sudden death éyndrome was occurring in young
pupples 1n which the primary lesion was myocarditis. A viral

etiology was assumed because intranuclear 1inclusion bodies
were noted in myocardlal cells (Kelly and Atwell, 1979;
Huxtable et al., 1979; Thompson et al., 1979), and on
ultrastructural examination, these inclusion bodies contained
particles which closely resembled parvoviruses (Hayes et al.,
1979b). Subsequently, the fluorescence of myocardial
inclusion bodles stained with canine origin conjugate specific
for the canine enteritis parvovirus (Hayes et al., 197Ya) and
the presence of both myocardltis and enteritis in the same
animal (Jefferies and Blackmore, 1979} suggested that the

two syndromes were caused by the same vlrus; canine
parvovirus,

In 1979, Eugster and Sidwa (1979) reported the presence
of a rotavirus and an apparent picornavirus in the feces of
a dog with diarrhea. The pup was from a pet store in which
dogs were known to be infected with CPV and Giardia. No
isolatlon and subsequent pathogenicity studles were conducted

80 the role of the virus in causing the diarrhea could not be



 established. "
-;Eotaviruses hav§ also been reported in feces and
-iinteétinal contemts of dogs with dlarrhea submitted for
electron microscoplc examination in the United States
" (Pollock and Carmichael, 1979) and in England (McNulty et
al.; 1980). A serological survey indicated that 49 of 62
dogs from the Belfast area had antlbodies to rotavirus
(McNulty et al., 1978). The actual role.éf rotaviruses in
capine enteritis 1s not clear since human rotaviruses will
infect pups without causing clinical diarrhea (Tzlpori and
Makin, 1978).

~ England and Poston (1980) reported the isolation of a
rotavirus frsm a 3-day-old pup with fatal diarrhea in which
“the virus was propagéted in MDCK cells through at least 11
subpassages. Intestinal contents from the pup were orally
inoculated into two healthy 6-month-old beagle dogs but the
dogs remained asymptomatilc and virus was not observed in the
feces. It was suggested by the authors tﬁat the failure to
induce disease may have been due to the animals age but this
does not explain the lack of virus in the feces since
rotavirus infections, some subclinical, can occur in other
animals at all ages (wbode and Crouch, 1978). Sefoldgioal
studies were not reported and the failure to aéhieve
infection may have been due to the immunity of the dogs by

prlor exposure to a rotavirus.
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Canine Parvovirus

AB previously discussed, outbreaks in dogs of enteritis
and myocar@itls of apparent parvoviral etlology occurred on
several‘continents during the summer of 1978. Retrospective
serological studies have been conducted by several authors
to determine 1f the_associated agent, CPV, epldemiologically
resembled canine coronavirus which was widespread in the dog
population prior to beilng assoclated with a dlsease syndrome,
or iIf CPV was a primary pathogen that had just entered a
nalve dog population thereby accounting for the rapid spread
of the virus.

The earllest canine sera in which CPV antibody could be
detected were from Europe. Three of 56 sera collected from
doge in Belglum batween June 1976 and June 1977 were found
to be posltive by an HI test (Schwers, et al., 1979).
Osterhaus et al. (1980b)freported positive serologlcal
results from one serum collected at the end of 1977 in the
Netherlands. They also reported that both the entericec and
cardiac forms of CPV infection were occurring at that time,

In Australia, Johnson and Spradbrow (1979) reported
that no HI antibody could be detected in 22 serum samples
collected in Townsville, Queensland, in 1976 while sera
collected in the latter part of 1978, after clinlical cases
of CPV were observed, were positive for CPV antibody. No

testing of 1977 serum samples was feported.
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A larger serologilcal study (428 samples) was conducted
in New South Wales, Australia, by Walker et al. (1980). oOf
the 150 serum samples collected in 1978 from dogs of unknown
history, 19 had HI antibody titers >1:256 with the first
‘positive serum being collected in May. None of the 74 sera
collected from 1969 to 1977 were positive. The authors
reported that 35 of 45 sera from clinically normal dogs in
‘breeding colonles were posltive and attributed these findings
to.wldespread subclinical infection. Prior vacclnatlion with
FPV vaccine was considered not to be a factor since none of
the 20 sers tested from FPV vaccinated cats had antibodles
to CPV >1:256 by the HI test. This is in disagreement with“
vaccination trials reported by Appel et al. (1979) where HI
titers of >1:256 were commonly seen in dogs vaccinated with
FPV vacoines. In addition, Carmichael et al. (1980) reported
HI titers to CFV of >1:2,500 in cats given 1live FPV.

In the Unlted States, 95 sera from Tennessee dogs with
undlsclosed histories were tested for CPV antibody using an
indlrgpt fluorescent antlbody test (Black et al. 1979).
Seven o6f 30 sera collected in 1978 were positlve while 27
sera from 1977 and 38 sera from 1976 were negative.
Carmichael et al. (1980) tested 757 sera from across the
United States submitted primarily for canine brucellosis
testing and 303 serum samples submitted from June 1978 to

June 1979 from dogs with suspected viral enteritis. None




12

of the 139 serum samples recelved from 1971 to 1975 or the
177 sera recelved in 1977 had HI titers >1:320, the level the
authors felt was a definite indication of CPV infeotion. Of
171 sera submitted from January to June 1978, three recelved
in late June for canine brucellosis testing were poslitive;
one from Pennsylvania and two from California. An
additional serum from a dog recently imported from Hong Kong
and submitted for brucellosis testing was positive in early
July 1978. The percent of posltive sera rose to
approximately 20% by August and September of 1978 but this
rate waa biaséd since most of the sera from this period were
being submitted for dlagnosis of enteric illness. The sera
recelived prior to June 1978 were from purebred dogs and
comnercial breeding kennels located in many regions of the
Unlited States. Because of the high degree of mobility and
interaction with breeding and show doge, it is felt by this
author that CPV would appear in these dogs very soon after
its 1ntroduction into the United States and then spread
rapidly among them. The rapid increase ln the number of
posltive sera collected from widely distributed areas of the
United States would tend to support this hypothesis, It 1is
therefore felt that CPV d41d not exist in the dog population
of the United States much before the summer of 1978, and it
wags imported from some other continent such as Europe where

it had been detected at least a year earlier.
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The actual source .of CPV may never be determined but
the close’serdlogical relationship with FPV and MEV suggests
that it resulted from a mutation in one of these viruses that
bfoadened its specles specificity to include dogs. A
similar phenomenon 18 bellieved to have occurred with MEV,
Feline panleukopenla was recognized as a clinical entity in
the latter half of the last century but was thought to be a
bacterial infection (Croghan, 1968). In 1928, filtration
studies indicated that it was p;obably caused by a virus
(Verge and Christoforoni, 1928), and by 1934 a formalized
vaccine had been developed (Leasure et al., 1634), Mink
enteritis, on the other hand, was not recognized until 1947
wheq it caused an outbreak,ﬁf enferitls on & mink ranch in
the.Fort Williams area of Ontarlo, Canada (Schofield, 1949).
The virus slowly spread throughout North America and was
world-wide by 1960 (Burger and Gorham, 1970). It is felt
that MEV. is a mutant of FPV that has become édapted to mink.

Clinico~Pathologlcal Features

The effect of age

X Canine parvovirus has been assocliated .with two distinct
olinical syndromes, myocarditis and enteritls. with the age
of the animal béing an influential factor in determining
which"clinical manifestation 1s seen. Myocarditis is

usuaily a disease of young pups 4 to 8 weeks of age (Jezyk
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et al., 1979; Mulvey et al., 1980) although deaths due to
myocardiallscarring have been reported ig dogs up to 5
months of age (Robinson et al., 1980a; Carpenter et al.,
1980). Clinical signs of the enteric form of CPV infection
are more éevere in pups 6 weeks to-b months of age but,
unlike the myocardial form, older adult dogs can also be
infected (Fritz, 1979; Harcourt et al., 1980). It has been
possible to experimentally produce the enteric form of CPV
with virus lsolated from cases of myocardltis (Hayes et al.,
1979a; Roblnson et al., 1980b) but myocarditis has not been
experimentally produced except by in ggggg inoculation of
virus of myocardial origin (Lenghaus et al., 1980).

Parvoviruses require dividing cells.in order to
replicate (Rhode, 1973;: Silegl, 1976) and this dependency on
cells that are mitotlically actlve may account for the age
differences seen with the two forms of CPV Infection.
Myocardlal cell dlvision 1s maximal in pups during the first
3 weeks of 1life (Bishop, 1972) while the mitotic index of
intestinal epithelial cell lnhthe neonate compared to older
animals is relatlvely low. By comparing migration rates of
tritiated thymidine labeled intestinal epithelial cells in
rats of various ages, Koldovsky et al. (1966) whowed that the
rate of ocell proliferation in suckling rats was one-fourth of
that seen 1n weanling or adult rats. A similar study

conducted in pigs (Moon, 1971) indicated that the rate of
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cell division in the 1~day-o0ld plg was one-third that seen
in the 3-week-o0ld pig. It 18 hypothesized by this author
that a simlilar situation occurs in the ilntestinal epithellal
cells in the dog.‘ Therefore, if a pup is exposed to parvo-
virus in the first 4 to 6 weeks of age, the virus replicates
in the mltotically active m&ocardial cells‘produclng myocar-
ditis. The virus manages to produce only & low level infec-
tion in the gut with limited pathogenesis because of the low
number of dividing cells. However, Af the pup 1ls exposed to
parvovirus after weaning,. the rate of myocardlal cell divi '
sion 18 reduced and myocardites does npt develop but the
increased mitotic actively in the gut allows for eitensive
virus replicatlion and cell déstruction resulting in enteritis.
The study by Csiza et al., (1971) supports_this hypoth-
esis. They exqmlned the pathogenesis of FPV 1n newborn
kittens and observed severe enteric lesions in only 3 of 21
cats although it is a consistent finding in older animals.
The reason for the relative lack of enterlc involvement in |
newbdrn cats was not given but may have been due to a
decreased rate of intestinal cell proliferation, In studies
cqnductgg with FPV in germfree and specific pathogen free
(SPF) cats (Rohovsky and Griesemer, 1967; Carlson gt al.,
1977), L1t was observed that, as in the neonate, the enteric
lesions in the germfree cats were conslderably less severe

than those seen in SPF ocats. However, differences in degree
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of thymiec involution or leukopenia, both signs of FPV
infection, did not ococur between the two types of cats.
Carlson and Scott (1977) determined that mucosal crypt
length, cells per crypt, mitotic indéx and villous length
were greater in SPF ecats than 1n.germfree cats and
suggested that eilther baocteria or their metabollc by-
rroducts present 1ln the SPF cats were responslble for the
differences. They felt the lower mitotic lndex and lower
number of cells per orypt in the germfree cat decreased the
chance of PPV replicatlon in the gut and thus the severity
of the lesions produced.

Myocarditis has not been assoclated with FPV infection
in cats nor has cerebellar hypoplasia, an FPV induced lesion
in neonatal kittens, been seen in pups., However, when neonatel
kittens were infected with FPV (Celza et &l., 1971),
intranuclear inclusions and extensive fluorescence were
observed in myocardlal cells 5 to 13 days postinfection.

In another study conducted on 8- to 9-week-old catse (Cailson
et al., 1977), virus could be recovered from the heart but no
inclusion bodles were observed. The virus may have beaen
present in the heart in these individuals because of a
viremia followlng replication of the virus in endothelial
cells (Csiza et al., 1971) rather than myocardial cells.
These two studles suggest that in the cat at least,

myocardial cells of the neonate are more susceptible to
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parvovirus infection than myocardial cells of older animals,

Myocardial syndrome

The elinical plcture seen with the myocardlal syndrome
is one of sud&en death with slgns of acute resplratory
ddstress occurring as a result of cardiac fallure. The pups
are usually reported to be in good health prior to the
episode which usually occurs after feeding (Thomp&oﬁ et al.,
1979; Jezyk et al., 1979). On gross examination, pulmonary
congestion and edema are common and the myocardium,
especially the left ventricle, wlll appear pale (Kelly, 1978:
Thompson et al., 1979). Lymph hbdes may be enlarged and
edematous (Hayes et al., 1979a; Thompson et al., 1979).
| . Histologlical examination of the heart shows non-
suppurativé‘myoearditia with interstitial fibrosis and
irnfiltration of plasma cells, lymphocytes, and some
macrophages (Kelly, 1978; Jezyk et al., 1979). The left
side 1s usually more lnvdlved. In colder animals, focal
myocardlal necroslis and mineralizatlon have been observed
(Jezyk et al., 1979). Basophlllc homogeneous lntranuclear
inclusion bodies in myocardlal cells may be seen scattered
throughout the myocardium (Kelly, 1978; Thompson st al.,
1979).

The cause of death in the myocardial form of CPV
infection depends on whether the infection is acute or

chronic, In scme pups, death occurs in the acute phase by
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conductlon fallure as determined by electrocardiograms
(Carpenter, et al., 1980). Despite the observations by
Carpenter et al, (1980), electrocardiogram findings have not
correlated well with the severity of the myocardial lesions
secen postmortum and pups have dled of myocarditis within 24
hours of a normal electrocardiogram (Lenghaus et al., 1980).
If the dogs survive the acute 1nfectioﬁ. they may still die
as the result of extensive myocardial fibrosis which, by
contraction of the musculature, causes valvular
insufficiencies and congestive heart fallure (Robinson et

al., 1980a; Lenghaus et al., 1960).

Enteric syndrome

The clinical slgns of enteric CPV infectlon have been
well-summarized by Appel et al. (1978). They include
vomlting, diarrhea, rapid dehydratlon, and anorexia. The
feces 18 light gray in the early stage of diarrhea but may
become hemorrhagic. Copious amounts of mucus have also
besn reported with the diarrhea (Gagnon and Povey, 1979).
Temperatures from 40 to 41°C have been reported (Appel et
ak., 1978), but 1t is not a consistent finding, especially
in older dogs. A leukopenie has-been observed accompanying
the fever with total counts of 500/mm3 to 2000/mm3 being
reported (Appel et al., 1978), but an absolute lymphopenia
or‘<2.000/mm3 is a more conslstent finding (Fritz, 1979:

Appel et al., 1979). All ages of animals are susceptible
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althoégh the mortality rate appears to be ﬁigher in the
younger animals., Most deaths occur withlﬁ 24 to 48 hours
of the‘first slgn of disease which 1is usﬁally'vomltion
(Appel et al., 1978; Fritz, 1979). The average mortality
rate in litters has been estimated at 20% (Johnson and
Spradbrow, 1979).

Gross pathologicsl leslons are confined to the
intestinal tract. The gut 1s often distended with gas and
the contents in the lower énd ﬁiddle smayl intestine are
watery and may vary from light colored wfth a large amount
of mucus to dark and hemorrhagic (Walker et al., 1979;
Thomson and Gagnon, 1978). Shallow erosions wlth scant
fibrinous exudate have also been reported (Thomson and
Gagnon, 1978).

The leslons seen on histopathologlcal examinatlon
resemble those seen with FPV infection in cats (Kahn, 1978).
There is severe loss of intestinal epithellium in the crypts
of the small intestine wlth shortening of the villi. There
is also & depletion and necrosis of lymphold tissue evident
in Peyer's patohes as well as lymph nodes, spleen, and
thymus (Cooper et al., 1979: Nelson et al., 1979). Bone
marrow sections show & marked depletion of mature elements

of both red and whlte cell serles (Kelly, 1978).



20
Properties of the Virus

The characteristics of the family Parvovirldee have
recently been reported Sy the Study Group on Pg;fpllr;dae.
Coordinating Subcommittee, Internatlonal Committee on
Taxonomy of Viruses (Bachmann et al., 1979). Members of the
family ¢ontain linear, singleé-stranded DNA with a molecular
welght of between 1.5 and 2.2 X 10% daltons. The virions
are isometric, nonenveloped particles, 18-26 nm in diameter
with icosahedral symmetry. The virion probably contalns 32
capsomers, 3-4 nm in diameter, but a configuration with 12
capsomers has also been suggested (Croghan, 1968; Kongsvik
et al., 1974). The infectious particles have a buoyant
density in CsCl gradlents of between 1.39 gnd 1.42 g/cm3.
The viruses are ether- and chloroform-resigtant, and heat-.
and acld-stable (56°C, pH 3 for 60 minutes). Most members
possess a hemegglutinin on the virlon for at ieaat one
specles of red blood cells. The viruses multiply in the
nucleus and replication is dependent upon cgrtain functions
of the host cell or helper functions provided by other
viruses,

The family Parvoviridae contalns three genera. They

are Parvovirus which contains viruses that can replicate in

susceptible cell cultures without a helper virus, produce
intranuclear inclusion bodies, and contain only plus strands

of DNA; Adeno-assoclated virus which contains wviruses that
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ape:dependent on helper viruses (adenovirﬁses and to some
extent herpesviruses), pfoduce no detectthe cytopathology,
and contain either plus or minus strands of DNA; and
Densovirus which contains parvoviruses of‘arthrobods #pg?_
can replicate without helper viruses, cause hypertrophy of
the nucleus with formation of intranuclear masses, but have
elther ﬁlus or minus strands of DNA in the mature vifus
particles. It had been previougly determined by Johnsen
et al., (1974) that based on size, buoyant denslty, and DNA’
characteristics, FPV and MEV met the then existent
classiflcation requirements for Parvovirug Subgenus A set
by the International Commlttee on Virus Nomenclature
(w11dy5 1971) and are now considered members of the genus

Parvovirus and strains of the specles Feline Parvovirus

(Bachmann et al., 1979).
Canine parvovirus has not yet been formally included

in the genus Pa:vovlrus by the International Committee on

Taxonomy of Viruseés but 1t hes been shown to possess the
charactgrlstica‘of that group. Basophlilic intranuclear
1gd;qﬁion bodles are a common observation in myocardial
cells of dogs with mypgarditia {Kelly and Atwell, 1979:
Huxtable et al., 1979; Thompson et &l., 1979) and both
eoainophllic'gnd basophilic 1n¥ranuclgar inclusion bodies
haye=been observed, though not consistently, in crypt

epithelial cells of dogs with enteritis (Kelly, 1978:
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Fritz, 1979:; Jefferles and Blakemore, 1979). The

basophilic inclusion bodies seen in myocardial cells and
sore enferocytes may be indicative of older lesions since 1in
cell ecultures, parvovirus inclusions are -at first lightly
eosinophllic and then become basophilic with age (Cheville,
1975). " The particles obssrved by electron mlcroscopy in the
inclusion bodies assoclated with CPV infection (Huxtable et
al., 1979; Jefferies and Blakemore, 1979; Hayes et al.,
1979b) and the feces of dogs with enteritis (Eugster gt al.,
1978b; Appel et al., 1978, Black et al., 1979) were 18-22 mm
in diameter and resembled a parvovirus in morphology.
Burtonboy et al. (1979) described the intact particles as 24
nm in diaméter with an icosahedral shape and a buoyant:
density of 1.43-g/cm3 in CsCl. Canine parvovirus‘isolates
from cases of enteritis were grown in primary canine fetal
lung cells and a fsline kldney cell line (Johnson and
Spradbrow, 1979). Subsequent testing indlcated that CPV
rossessed a hemagglutinin for red blood cells, rgsisted
heatling at 60°C for one hour, resisted a pH of 3 and ether
treatment, and behaved a8 a DNA virus in the.prasence of 2
bromodeoxyuridine; all characteristics of a parvovirus. MNore
recently, McMaster et al., (1981) have shown by restriction
enzyme analysis that a high degree of homogenlecity exist 1in
the DNA from CPV and MEV. Sixty-elght of 79 mapped sites

Were common and most of the 11 restriction sites which were
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different were in reglons coding for viral capsid proteins
whiéh may account for slight serological dlfferences and for
the difference in host cell range observed for the two-

viruses.
Relationships with Other Viruses

Serological cross-reactivity

Canine parvovirus has been found to be indistin-
guishable from FPV and MEV by HI or SN tests (Carmichael et
al., 1980; Black et al., 1979; Johnson and Spradbrow, 1979)
which 18 in.agreement with earlier studies that indicated
no serological difference; between FPV and MEV (Johnson,
1967). Lenghaﬁs and Studdert (1980) reported that CPV was
significantly different from FPV by SN but not HI. There
was, however, only a 4-fold increase in antibody titer when
CPV was neutralized by the homologous antiserum over the
titer obtained with the same serum and FPV. This author
feels that the difference was too small to be significant.
,Qn.apparent cross=reaction between CPV and fluorescent
antibody (FA) conjugate to porcine parvovirus has been
reported (Black et al., 1979; Eugster, 1980). The extent
of ;his cross-reactivity and 1ts occurrence with FPV and MEV
has not been examined. There appears to be no relationshlp
between CPV, FPV, or MEV and MVC (Carmichael et el., 1980;
Siegl, 1976).
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Hemagglutination reactlons
The difference in hemagglutination (HA) reactions for

CPV, FPV, and MEV may serve as a means o; differentiating
the three virusea. Johnson and Crulkshank (1966) indicated
MEV or ultrasonicated FPV would hemagglutinate pig
erythrocytes at 4°C but not room temperature. Further
studies by one of the authors (Johnson, 1971) 1nd1céted
6 loocally 1solated MEV strains agglutihated pig cells while
10 local lsolates of FPV did not. Because the 16 viruses
tested were really different lsolatlone and not necessarlly
different strains, the uniformity of the agglutination of
plg erythrocytes by MEV but not FPV was not truly
established.

~ Johnson and Spradbrow (1979) indicated that CEV from
cases of enteritis would agglutinate pilg and monkey
{(cynamologous and crab-eating Macaque) erthrocytes at 4°
and 25°C, with the reaction at 259C differentiating it from
FPV and MEV. The authors clte one author's previous study
(Johnson and Cruikshank, 1966) to state that FPV (and
presumably MEV) will not agglutinate monkey erythrocytes,

but the article cited does not specify the species of cells

with which negative hemagglutination reactions ocourred, In

another article by this same author (Johnson, 1971), rhesus
monkey, horse, and cat erythrocytes were among those tested

that would not agglutinate,
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The hemagglutination reaction of fecal origin CPV with
plg and monkey (rhesus) erythrocytes at 4oc¢ was confirmed by
Burtonboy et al. (1979). They did not incubate the test at
25°C but obtained negative results at 37°C. Gagnon and
Povey (1979) and Osterhaus et al. (1980b) reported
hemagglutination at 4°C witﬁ cat as well as plg and rhesus
monkey erythroocytes and an enterlc 1solate of CPV, and
Robinson et al. {1979) indicated that myocardial 1solates of
CPV agglutinated pig erythrocytes at room temperature,

Konishl et al. (1975) demonstrated that the ability of
FPV to agglutinate pig erythrocytes was related to the pH
at which the test was conducted. A viral preparation of
FPV had an HA titer of 1:8 at pH 7.4; 1:64 at pH 7.0, and
1:1,024 at pH 6.6 when incubated at 49C. Seven i1solates of
PPV acqulired at Tokyo Unlverslty had similar HA patterns,

No aggiutinatlion was seen with calf, horse, sheep, cat,

guinea pig, chicken, or goose erythrocytes at pH 6.0-8.0.

The fallure of Johnson (197i) to note hemagglutination.wlth

FPV may have been due to the pH used in his testing but this

is conjecture since the actuasl pH used was not specified.
 Carmichael et al. (1980) studied the effect of pE on the

agglutination of various specias of erythrocytes at 4°C by

CPV, FPV, and MEV. Canine parvovirus ggglutinated rig,

’ rhesus maney. horse, and cat erythrocytes over a wilde pH

rangq'(éio. 6.8, and 7.2 except for pig cells that
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spontaneously agglutinated at 6.0) with the highest tlters
occurring with plg erythrocytes. Feline panleukopenla virus
and MEV agglutinated rhesus monkey and horse cells at pH 6.0
only and did not agglutinate cat cells. The results
obtained with pilg erythrocytes indicated a higher titer with
"FPV than with MEV. Although this is in contrast to earlier
studles (Johnson and Cruikshenk, 1966; Johnson, 1971}, no
apparent attempt was made in elther study to standardize the
CPV, FPV, and_MEV preparations so that viral tliters were
gimilar. - The agglutination of horse erythroeytes by CPV is
inconsistent with the negative results seen by Gagnon and
Povey (1979) and Walker et al. (1979). A similar inconsis-
tenoy exists with FPV since Konlshl et al. (1975) reported
no hemagglutination with horse erythrooytes at pH 6.0.

Moraillon et al. (1980) reported no differences in the
effect of pH on the hemegglutination resctions seen with CPV
and MEV using cat and rhesus monkey erythrocytes but the
strain of MEV used was from an outbresk of enteritis in mink
ocecurring in October, 1979. Since this is after the
appearance of CPV in Europe, and the pathogeniclity of CPV -
for mink has not been determined, the ldentification of the
isolate as MEV is questioned by this author.

In summary, it appears that at the proper pH, CPV, FPV,
and MEV will all agglutinate monkey, plg, horse, and

possibly cat erythrooytes. Differences in the agglutination
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titeré_séen with erythrocytes from various specles may be an
important t001 for differentiating the three viruses but
‘these test shéuld be standardized as were those by Toolan
(1967) and Hallauer et al. (1972) where different aggluti-
nation patterns for rodent parvoviruses were determined
after the viruses were diluted to‘contain an equal HA titer
with one species of erythrocytes.

The use of the hemagglutination test on fecal
preparations with either pig or rhesus monkey erythrocytes
has been shown to be a senaitive dlagnostic ald when used
in oombinﬁtion with an HI test to eliminate nonspecific
hemagglutination (Carmichael et al., 1980). Plg erythro-
cytes are preferred over monkey erythrocytes since the
latter will also agglutinate in the presence of MCV (Binn
et al., 1970).

Species susceptibility
In vitro Johnson and Cruikshank (1966) 1ndicated

that of a wide range of primary and line cells, FPV and MEV
would ‘only cause CPE in cat, tiger, mink, or ferret tissue
cultures; but they did not specify the negative ocells. In
an- éarlier publication (Johnson, 1964), bovine, dog, monkey,
human epldermolid cancer cells, or Hela cellas were not
affected by FPV, Lee et al. (1969) observed intranuclear
inclusion bodles in feline and lion cells infected with FPV

but ngt dolphin, raccoon, mink, plg, rabbit, bovine, whale,
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or bat cell lines or primary dog kidney cells. Scott et al.
(1970) confirmed these findings.

Intranuclear inclusions caused by CPV have peen
observed in both feline and canine cells (Johnson and
Spradbrow, 1979; McCandlish et al., 1979) with feline cells
appearing to be more susceptible (Black et al., 1979; ﬂ
McCandlish et al., 1979). Intranuclear inclusions were
elther not seen or were consldered indefinite when CPV was
inoculated onto Vero cells (Johnson and Spradbrow, 1979) or
Madin-Darby bovine kidney 63113. primary human embryo
kidney cells, primary rhesus monkey kidney cells, and Hela
cells (Burtonboy et al., 1979). However, when & fluorea-
cent antibody test was used as an indlcator system (Appel et
al., 1979), Vero cells, raccoon salivary gland cells, and
bovine fetal spleen célls in addition to canine, fellne, and
mink cells were found to be susceptible. Intranuclear
inclusions were pfominent only in fellne kidney cells.

Canine parvovirus appears to have a wlder host range in
vitro than FPV or MEV. However, the studies conducted with
FPV utilized the presence of CPE rather than specifiec
fluorescence as an indicator system. Very little ﬁork has
been done with MEV to establish its in giﬁgg host range.

In I;ﬁg Feline panleukopenia virus has been isolated
from domestic cats, leopards, tigers, lions. and pénthers,

and most probably all members of the famlly Felidae are
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naturally susceptible (Siegl, 1976). The pathogenicity of
FPV fofwm1nk (family Mustelidae) 1s questionable. Gorham
et al. (1966) and Farrell et al. (1972) could not produce -
disease in mink with an FPV isolate that was highly patho-
genlc for cats., Burger (1961) experienced similar problems
in producing enteritis in ﬁink but could get dlsease
symptoms if he gave the mink hydrocortisone or sxposed them
to 300 r of whole body radiation., Continuous passage in
mink or alternate passages in mlnk and cats could not
1ncragse'the virulence of FPV for mink, MﬁoPhérson (1956)
on the oﬁher‘hand. did produce enteritis in mink by giving
them portions of spleen, liver, and bowel from the cércass
of a cat which had died with typlcal eynptons 2nd clinlcal
signs of FPV. Whether the cat could have been infected with
MEV and not FPV was not na&e clear. Feline panleukopenia
virus has been shown net to be an enteric pathogen of
ferrets, another member of the family Mustelldae {Burger,
1961), but will cause cerebellar hypoplasia in neonatal
ferrets (Johnson et al., 1967; Duenwald gg‘g;.. 1971). The
1solatlon of a virug with characteristics of elther FPV or
MEV from coati-mundi which were in close contact with cats
(Johnson and Halliwell, 1968) and an outbreak of enteritis
1n_:gcq§ons in 1639 caused by an agent that produced
disédse typlcal of FPV when inoculated into cats (Waller,
1940) would tend to indlcate that members of the family
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Procyanidae are also susceptible to enteric infeotlions wlth
FPV. The susceptibility of the raccoon to FPV was experl-
mentally confirmed by Burger (1961). Although replication
of FPV in dogs has been reported (Appel gt al., 1980a), no
clinical signs have eéver been observed (Appel et al., 1980a;
Hindle and Findley, 1932; Urbain, 1933).

Mink enteritis virus 1s, of course, pathogenlec for one
member ot the family Mustelldae, mink. The pathogenicity
for ferrets has not been definitely established and
Schofield‘(1949).and MacPherson (1956) indicated they %era
resistant to infection. Cats are susceptible to MEV but fo
& much lesser degree than mink. Wills (1952) reported that
"under strictly controlled conditlons, tissues from infected
mink produced leucopénia in kittens." No experimental
details were given. MacPherson (1956)_produced a merked
dlarrnea 3 and 4 dayé postchallenge and a temperature of
40°C 7 days postchallenge in 1 of 24 cats fed mink enteritis
material. The leukocyte count remalned normal which
sugéests,that the dlérrhea gay not have been ot wviral
etiology. The susceptibility of the 24 cats for MEV was
questioned by the author since he was also unable to produce
clinical disease in 14 cats given material from a "typlesal
case of feline enteritis." Burger (1961) had results simlilar
to those of Wills (1952) in that he could produce a leuko-
penla but no slgns in susceptible cats given MEV. When MEV
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was given to raccoons (Burger, 1961), 8 of 9 animals
remained well while the other developed a dlarrhea on day 9.

Canine parvovirus has been associated wlth casés of
enteritis in the dog as well as other members of the family
Canidae including the coyote, bush dog, maned wolf and crab—
eating fox (Evermann et al., 1980; Fletcher et &l., 1979;
Mamn et al., 1980). Canine parvovirus has also besen
suggested as the cause of an outbreak or_severe_enﬁfr}tis
in raccoons (Nettles et al., 1980) but the lack of high
antibody titers in sera from the raccoons and negatlive
serologlical results agglnst FPV causes this author to doubt
the diagnosis. Similar outbresks of enteritls had been
occurring in raccoons since October 1976 and this was long
before there was any serological evidence of CPV 1in the
United States. |

The pathogeniclty of CPV for members of the famllles
Mustilidae and felidae have not been established as of fhis
date. Moraillon et al., (1980) reported that the virus from '
a naturally occurring outbreak of enterlitis in mink would
produce disease 1dept1cal to CPV when fed to young pups.
Although hemagglutination studies are not definitive, the
virus appeared to be closely related to CPV. This and the
fact that the isoclation from mink was made after CPV was
present in the country suggests that CPV caused the

enteritis in mink instead of MEV beling pathogenic for dogs.
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Osterhaus et al., (1980b) reported a slight temperature rise
and a gradual fall in total leucocyte counts, but remaining
within the normal range, in one FPV susceptible cat given
CPV,. Although no response to challenge was seen in another
cat that was lmmune to FPV, the lack of a significant number
of animals in the experiment limits the value of any con-
clusions that can be drawn from it.

An outbreak of gastrolntestinal disease in laboratory
personnel occurring simultaneously with an outbreak of CPV
at a laboratory colony has been reported (Fritz, 1979)
indicating that the host range of CPV might include man,
but a relationship with CPV could not be established.
Further, sera from humans who had diarrhea after handling
CPV infected dogs were negative for CPV antibody (Appel et
al., 1980b).

Vacclnation

When mink enteritls spread through the fur industry
during the eariy 19505 resulting in Qreat economic losses,
heterologous FPV vacclne manufactured for use in cats was
employed as a means of protection and was shown to be
efficacious in mink (Wille and Belcher, 1956). Since that
time, the ablility of FPV and MEV to immunize against one
another has been well-established (Gorham et al., 1965;
Gorham et al., 1966; King and Gutekunst, 1970). When CPV
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emerged in 1978 as an important pathogen of dogs, the close
serological relationship between EPV and CPV led to the
recommendation that commercially avallable FPV vacclines be
used once again for the prevention of a heterologous dlsease,
CPV enteritis (Appel, 1979; Johnson and Spradbrow, 1979;
Royal College of Veterinary Surgeons, 1979). Because the
pathogenlcity of modified-live FPV in dogs had not been
established, the use of only inactivated vacclines was
recommended. )

Experimental confirmation of the efficacy of FFPV
vaccine in preventing CPV caused dlsease was first presented
by Appel et al., (1979). Although serological conversion
wWas obtaingd in all vaccinated dogs, and dogs vaccinated
twice with inactivated or once with modified-live FPV
vaccine did not develop elevated body temperature or
lymphqpenia; pyrexia and lymphopenia were the only signs of
infection produced in the controls by the challenge prepa-
ratlion used in the experiment. Therefore, the efficacy of
the vaccines in preventing CPvrenterltis had not been
established. |

In another vaccination-challenge experiment (Chapek et
al., 1980), inactivated FPV vaccine was shown to prevent
viral shed but the method employed, viral isolation from
rectaliswabs, 18 considered by this author to be less

sensitive than the method employed by Carmichael et al.
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{1980) in which 10% faecal preparations were tested by
hemagglutination. Isolatlons were made on day 4 to 7 by
rectal swabs as compared to days 3 to 9 by hemagglutination.
Chapek et al. (1980) also stated that inactivated FPV
vaccine protected dogs from leukopenla which was present in
the controls. The severity of leukopenla produced and the
percentage of controls in which it was observed were not
given.

As stated earller, the esafety of live FPV vacclines in
dogs had to be established prlor to their being recommended
for use in dogs. Although an early report (Lloyd-Evans,
1980) indicated vaccine virus could not be recovered from,
or ldentified by immunofluorescence in internal organs of
newborn ﬁups given FPV vaccine, Appel et al. (1980a)
reported that small amounts of FPV were isolated from
certailn tlssues of dogs vacclnated 2 to 3 da&s earlier. The
authors suggested that the virus recovered was the result of
repllcation in the dog and not Jjust residuasl vaccine virus,
The authors also suggested that the replication of FPV in
dogs accounts for the high and more persistent antibody
levels seen following vaccination with modified-live as
compared to inactlvated FPV vaccines (Appel et al., 1979;
Moraillon, 1980; Appel et al., 1980a).

Fellne panleukopenla virus apparently does not

replicate in all vaccinated dogs. In field trials in over
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100 dogs, only 58% of the dogs developed hemagglutination
inhibition antibody levels of >1:80 (Carmlichael and Follock,
1981), Although comparable antibody titers are seen n
following the adminigstration of a single dose of inactivated
PPV vacoine (Appel et al., 1979), 1t was the view of the
authors that in the majority of the dogs in which titers of
>1:80 were generated, they were generated because of viral
replication, The‘authors also presented date that
indicated 8 of 8 dogs glven an experimental vaccilne
qontaining 107'5 tissue culture infective doseso (TCID§Q) of
virus developed antibody titers of at least 1?80, while

only § of 8 dogs given 105'5 TCID50 of virus developed
antibod& levels of this magnitude. The authors concluded
ﬁhat the higher percentage of responding animals seen with
the higher titered vaccine was due to viral replication and
by 1ncrga81ng the virus titer, the proportion of dogs 1in
which the virus replicated, also lnoreased. In gctuality;
1f viral replication was a prominent feature of vaccination
with modified-llve'FPv vaccine, there should not be as

great a q1ff9rénce in the immunity produced by ﬁ vaccine wiph
105;5.TCIPSO of virus and one with 107-5 TCIDgo of virus as
replication of the virua 1n the hoet would soon equate any
ini;ialﬂdlfferences. An lncrease in total antigenic mass in
the higher titered vaccine with little or no increase in the

Proportion of vacecinated dogs in which replication occurred
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seem a more logical explanatlon of the observed response
differences.

Vaccines producéd from homologous CPV have also been
developed. Appel et al., (1979) demonstrated high post-
vaccinal serology in dogs glven an inactivéted CPV vaccine.
The dogs were protected from challenge but, as mentioned
earlier, the challenge was not capable of producing more
than a lymphopenia and pyrexia in contrdl dogs. Studles
conduced by other investigators (Smith et &l., 1980; Eugster,
1980) using more virulent challenges have established the
efficacy of inactivated CPV vaccines. The immunity
generated by the 1lnactivated CPV vaccing appears, however,
to be short-lived (Appel et al., 1980a; Carmichael and
Pollock, 1981).

An isolate of live CPV was reported to be attenuated
for pups after 80 serial passages in dog kidney cells (Appel
et al., 1980a; Carmichael et al., 1981) and capable of
producing a high initisl antibody response and “long-lived
immunity" (Carmichael and Pollock, 1981), Although no
evidence of virulence has been observed with this attenuated
g¢rain of CPV when given alone to dogs, its use Ln'a vaceine
woulﬁ most probably be in comblnation with other modified -
live viruses. Potgieter et gl..(1980) reported the
occurrence of enteritis and neutropenia in 3 of 3 dogs given

CPV one week after being veccinated with canine distemper
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and infectlous canlne hepatitis vaccine; one dog dled.

Dogs not previously vacclnated remalned clinically normal
following exposure to the CPV preparation used. It has
also beeﬂ reported (Jezyk, 1980) that dogs glven distemper
vaccine while 111 with presumed CPV enteritis have subse-
guently died with confirmed distemper. In light of these
findings, the safety of modified-live CPV vaccine used in
comblnation with other modified-live virus vacclines, should

be established.
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IDENTIFICATION OF CANINE PARVOVIRUS
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INTRODUCTION

Serologlically CPV, FPV, and MEV appear to be indis-
tinguishable from one anqther making identification of
individual 1solates difficult. This study examined several
parameters; antlgenic relationshlp to porcine parvovirus
(PPV), differences in hemagglutination activity, and in
vitro specles susceptibllity; to establish a slimple method
of differentiating the 3 viruses.

Sﬁeciflc fluorescence with PPV conjugate and CPV has
been reported, but the presence of & slmilar cross-reaction
with PPV conlugate and FPV or MEV has not been established.
Hemagglutination inhibltion tests have, however, indicated
there 1s no serological relationship between the latter 2
viruses and PPV. In this study, the extent of the cross-
reactivity of PPV antiserum with CPV, FPV, and MEV was
examined by FA and SN tests to determine if 1t was a
distinct characteristic of CPV. Bovine parvovirus (BPV)
was included in the FA test to further determine the extent
of the cross-fluorescence‘reported with PPV conjugate.

Alghough.differencqs in the abilifies of CPV, FPV, and
MEV'to agglutinate erythrocytes of various specles have been
reported, these differences appear to be influenced by the
PH gtfwhich the tests were conducted. An attempt was made
to determine 1f the pH associated differences in HA titers

seen wWwith the most reactive cell, porecine erythrocytes
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(Carmichael et al., 1380). were reproducible among isolates
of each virus,
A numbéer of reports suggest that, based on the presence

" of intranuclear inclusion bodles, there are differences in
in vitro species susceptibility of CPV, FPV, and MEV. The
FA technique was, however, shown to be more sensitive than
inclusion body observations in detecting CPV in cells from
various species. In this study, the presence of specifilc
fluorescence was employed to determine differences in in
yitrc specles susceptlbility for several isolates of all 3

viruses.
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MATERIALS AND METHODS

Tissue Culture Procedures

The medium used for all tissue culture procedures was
Eagle's minimum essential medium with Earle's salts, L-
glutamine and nonessential amino acldsl- To fhis, 5%
fetal calf serum and gentamycin,? at a final concentration
of 50 mog/ml, were added. The same medium, without fetal
calf serum, was used as virus and serum diluent in all
vrocedures except hemagglutination.

The fluoresocent antibody technigque was the indlcator
gystem used to determine tissue culture infectivity. Eishﬁ
chamber slides3 were seeded with 0.4 ml/well of suspended
cells, 200,000 cells/ml. Wells were 1noculated‘w1th 0.1 ml
of virus or serum-virus mixture within 2 hours of seeding
and incubated at 379C in an atmosphere of 5% COp until
fixed in acetone and stained with fluorescein tagged |
conjugate. Cells were examined for typical fluorescencs
ugingign Orthoplanu miecroscope equlpped with a‘200 watt

mercury light source and an incident-light illuminator.

1?-15. Grand Island Blological Company, Grand Island, .
New York, -

, 2Garamycin, Schering Corporation, Kenilworth, New
Jersey.

3Lab-Tek Products, Naperville, Illinois.
“E, Leltz Ino., Rocklelgh, New Jersey.




42
Virus titrations were stained at 5 days postinoculation
while SN tests were stained at 3 days.

Cross-Reactivity with PPV

Fluorescent crosg-reactivity

Cells Crandell feline kidney (CRFK) cells were used
to propagate CPV, FPV, and MEV; fPV was grown in embryonic
poroine kidney (EPK) cells. Crose-reactlvity with BPV was
included in the test design and the virus was propagated 1in
primary bovine lung (pBL) cells.

Viruses ' The CPV used was the KB straln obtalned
from & dog in Ames, Iowa that was showing typlcal signs of
canine parvoviral enteritis. The virus had deen passagedl
twice in CRFK cells. The FPV was the ICK-33 challenge straln
that had beéeen passaged 5 times in CRFK cells. The MEV, here
deslignated MEV-2, was a tissue culture adapted strain
obtained from a commerclal producer of MEV vaccline. It was
passaged once in CRFK cells after recelpt. Even though this
virus may not have been used in the production of a vaccine,
the actuel source of this virus or any other virus obtalned
from a blologics manufacturer will not be glven because of
the possibility of disclosing proprietary information. The
PPV used in this study was lot TC-3 of & virus that had been
1solated from porcine trypsin (Croghan et al., 1973) and
passaged 3 times in EPK cells. The HADEN strain of BPV
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(Abinanti'and Warfield, 1961) adapted to bovine lung cells
was used.

Conjugates The FPV conjugate was prepared from

rabblts hyperimmunized with the ICK-33 virus strain, the
PPV conjugate was prepared from a Sow vaccinate& and then
challenged with PPV, and the BPV conjugate was prepared from
a calf hyperimmunized wltﬁ the HADEN virus straln.

Test design Between 100 and 1000 TCIDgp of each

virus were lnoculated onto the applicable cell culture.
Three_daya posfinoculatlon. the infected cell culqﬁres were
fixed, stained with each conjugate, and examined for
typlcal parvoviral fluorescence. Uninoculated control

cultures were treated in a similar manner.

Serum neutralization cross-reactivity

"~ The cells and virus strains used in this study were
identical to those used in the fluorescent cross-reactivity
test except that BPV was excluded from the study. Any |
cross=-reactivity between BPV and PPV would not be a'factor
in differentiating CPV from FPV and MEV, and virel neutréi;
ization of CPV, FPV, or MEV should not occur unless cross-
fluorescence was first present, A constant serum-varying
virus neutralization test was conduced with a porcine
origin PPV antiserum with an SN titer of 1:6912 and a
porcine serum free of SN antibody to PPV. Each were

diluted 1:5 and mixed with an equal volume of 10-fold
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dilutions of virus; PPV, CPV, FPV, and MEV. After
1ncubation‘at foom temperature for 30 minutes, the virus-
gerum mixtures were inoculated, 4 wells/dilution, into 8-
chamber slides containing freshly planted EPK cells (PPV)
or CRFK cells (CPV, FPV, and MEV). Three days postinoc-
ulation,  the slldes were flxed and stained with PPV or FPV
conjugate. Each well that contalined at least one
fluorescing cell was considered positive and virus titers
were determined by the Spearman-Karber method as rafined by
Finney (1971).

The antibody titer of the PPV antiserum was determined
against each virus, Two-fold dilutions of serum were mixed
with each virus preparation diluted to contain 200 TCID50/‘
0.1 ml. The virus-serum mixtiures were then incubated and
inoculated onto cell cultures in the same manner described
for the constant serum-varying virus neutralization test.
Af ter stalning, each well that was free of fluorescing c¢ells
was considered positive and the antibody titers were

calculated by the Spearman-Karber methqd.

Hemagglutination Reactions
The effect of pH on the HA titers observed with several
stralns of CPV, FPV, and MEV was determined as was the

relationship between HA titer and infectivity titer.
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Viruses

The CPV strains utilized were FLF1-2, a challenge étrain
that had been passaged twice in embryonic feline fibrobast
cells. after being isolated from a dog in Ames, Iowa that
dled of canine parvoviral enterltis; KB straln previously
deseribed; A78-22 strainl passaged once in CRFK cells; and
the TN-233 strain? that had been passaged approximately 40
times in CRFK cells prior to receipt. The MEV strains
utilized were MEV-2, previously described; MEV-1, a mink
£1ssue origin challenge strain; and MEV-3, another tissue
culture adapted strain. The FPV straine included in
this study were the ICK-33 strain, previously described; 2
1solates of the Johnson strain, here designated FPV-J1 and
FPV=-J2; the Crawley strain, FPV-Cl; and the Gorham strain,
FPV-Gl. The 1sclates of MEV and FPV were passaged once in
CRFK cells after receipt. Virus infectivity titers for all
strains were determined by the fluorescent antibody technique

described previously.

Porcine erythrocytes

'Pén ml of porocine blood were collected in an equal

volume of Alsever's solution. The cells were placed in a

1Obta1ned from M.J.G. Appel, Ithaca, New York.

zobtained from J.W. Black, Nashville, Tennessee.
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polypropylene oeﬁtrlfuge tube and the volume raised to 50
ml by the addition of Dulbeceo's phosphate buffered sallne
(PBS) free of Ca++ and Mg+t+t. The cells were then centri-
fuged at 500 X g for 10 minutes, decanted from the super--
natant, and resuspended in Dulbecco's PBS. This washing
procedure was repeated twice but the cells ware not resus-
pended after the last centrifugation step. The packed cells
were stored at 4°C for not more than 8 Hours before being

used.

Diluent

.Dulbecco's PBS with 0.5% bovine serum albumin addeds
was used a8 diluent for wviruses and erythrocytes. The PBS
was divided into 3 lots. One lot was maintained at the
initial pH of 7.4, one lot was lowered to 7.0, and the
other lowered to 6.6 by the addition of iN Hdl,

Test design

The 12 virus strains were titered for HA activity at 3
different pH levels. The tests were conducted in 96-well U
bottom microtiter plates.l A variable volume multichannel
pipette2 was used to dellver 0.05 ml of diluent into each

well. A 0.05 ml pipette3 was used to dispense that volume

1Dynatech Laboratories Inc., Alexandria, Virginia.
2Titertek. Flow Laboratories Inc., Rockville, Maryland.

3Med1cal Laboratory Automation Inec., Mount Vernon, NY.
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of each virus into the first well. The multichannel

pipette was then used to make 23, 2-fold dilutlons, after
which 0.025 ml of a 1% suspension of packed porcine eryth-
rocytes in the appropriate pH diluent was added to each well.
The plates were incubated at 40C overnight and the HA titer
recorded as the highest dilution of virus that would agglu-

tinate cells.

In Vitro Specles Susceptibllity

Cells

The host-cell ranges of CPV, FPv; and MEV were eval-
nated in CHRFK, EPK, and pﬁL cells previously described.
frlmary canine kidney (pCK) cells, a mink lung cell line
(MVi-Lu), & ferret lung cell 1line (FeL-MA139) a dog flbro-
blastic cell 1ine (A-72), MDCK cell line, and an African
green monkey cell line (Vero) were also included in the

study.

Viruses

The 12 viruses listed for the HA reaction study were
1nclu&ed 1ﬁ'ﬁhis study. Two addltional FPV isolates were
included. They were another Crawley isolate, FPV-C2, and a
ferret tissue culture adapted isolate, FPV-F1.
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Test design

Preliminary studies in which 0.1 ml of undilﬁfed
MEV-2, ICK-33, FPV-J1, and FPV-C1 were inoculated onto pDK
cells, indicated that 1-10 fluorescing cells/100,000 cells
would be detected with all 4 viruses when high infectivity
titers were used (103'5.TCIp50 for MEV-2 to 105-1 TCIDgp
for ICK-33). In an effort to standardize this study, each
of the 14 virus preparations used were diluted to contain
approximately 1000 TCIDz0/0.1 ml. The dilutions were based
on previous titratlions conducted in CR?K cells., Elght
chamber slldes planted with each cell type were inoculated
with 0.1 ml/well, 4 wells/virus when the cells were approx-
Imately 70% confluent. Twenty-four hours postinoculation,
the cells were washed twice with tissue culture medium, the
chambers refilled with medium, and incubated for an addi-
tional 3 days. At thet time, the slides were stained with
FPV conjugate and the number of fluaoresclng cells were

determined,
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RESULTS. AND DISCUSSION

Cross-Reactivity with PPV

Fluorescent cross-reactivity

The presence of typical parvoviral fluorescence 1n
Infected cells stained with PPV, FPV, and BFV conjugates 1s
recorded in Table 1. The oross-fluorescence observed with
PPV conjugate and CPV, FPV, and MEV was considerably less
brilliant than that observed with the 3 viruses and FFV
conjugate or with the homologous PPV system (Figure 1).
The cross-reactivity appeared to be one-way since no
fluorescence was noted between PPV and the conjugate for
FPV. None of the parvoviruses appeared to cross-react with
BPV. There was no discernible difference in intenslty of
fluorescence observed between CPV, PPV, and MEV with elther
PPV or FPV conJugﬁtea. No specific fluorescence wWas

observed in the uninoculated control cells.

Sérum neutralization cross-reactivity

Alﬁhough the antibody titers obtained for PPV antiserum
against FPV and MEV were <1:2 in the varylng serum-constant
virus neutralization test (Table 2), the numbers of
fluoreseing cells detected at the 1:2 dilution were greatlf
reduced from the number observed in the 1:2 dilution of the
hormal serum and virus. The results of the constant serum-

ﬁﬁfylng?iirus neutralization test also indicated low level



Filgure 1.

Fluorescent cross-reactivlity with PPV conjugate:
(a) FPV stalned with FPV conjugate dlluted 1:20,
x 130; (b) PPV stained with PPV conjugate diluted
1:20, x 130; (c) FPV stained with PPV conjugate
diluted 1:20, x 130; (d) FPV stalned with PPV
conjugate dlluted 1:4, x 250
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Table 1. Fluorescent cross-reactivity between parvoviruses

Virus PPV FPV BPV

-conjugate conjugate conjugate
PPV + - -
CPV + + -
FPV + + -
MEV + + -
BPV - - ) +

Table 2. Serum neutrallzation cross-reactlivity between
parvoviruses; PPV antiserum

Virus Virué titerd Logio Antibody

NS AS neutralized titerb
PPV 6.5 3.0 3.5 6912
CPV 5.3 3.9 1.4 4
FPV 6.1 4,5 1.6 <2
MEV b.5 3.5 1.0 <2

8Virus titer expressed in logig TCID50/ml obtained with
normal serum (NS) and PPV antiserum (AS).

PRecripocal of serum dilution of PPV antiserum that
would neutralize approximately 100 TCID of virus.
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reduction wlth PPV antiserum. The titefs obtalned for CPV
and FPV after correcting for the 1:2 serum-virus dilution
ware significantly below (p <.05 and p <.01 respectivaly)
the expected results based on previous titrations, The
reduction seen with MEV was.not slgnificant bﬁt this may
have been due to the smell number of previous titrations
performed rather than a difference in the neutralizatlon
characteristics of MEV. The mean and standard deviatlicen of
the infectivity titer for CPV was 105-% ¥ .2 (n = 5), for
FPV 1t was 106:7 ¥ <2 (n = 11), and for MEV 1t was 10%-8 %
3 (n=3).

Although the reductions in infectivity titer of CPV
and FPV seen wlth the PPV antiserum were statistically
signiflcant, they were less than 102'0. the minimum level of
reduction commonly considered significant for sp?cific
antibody neutralization. The results obtained from both
test systems indicate serum neutralizatiom eross=-reaactivity
with PPV antiserum does not occur at a great enough level to
be used as a method of differentiating CPV, FPV, and MEV

from one another,

Hemagglutination Reactlons
The varliation in hemagglutination restions appeared as
great among individual isolates of a virus as it did between

viruses. Thls is true in both the relationship of
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infectivity titer to HA titer and in the effect of pH on HA
titer (Table 3).

The HA titer/infectivity titer ratio appeared to
decreasae as the number of tlssue culture passages of an
isolate increased. This was true regardless of whether the
virus was CPV, FPV, or MEV. The lowest ratios for the MEV
isolates were seen with the tissue culture adapted strains,
MEV=-2 and MEV-3. Llikewise, the TN-233 1solate of GCPV with
approximately 40 tissue culture passages had a lower HA
titer/infectivity titer ratio than the other CPV strains;
FLF1-2, KB, and A78-22; which had been passaged less than 3
times. With the FPV isolates, the ICK-33 straln with only
5 tissue culture passages had the second highest ratio while
the 2 Johnson vaccine strains, FPV-J1 and FPV-J2 had the
lowest.

The.HA titers of the CPV»isblates were affected less bj
changes in pH than the FPV and MEV isolates; but agsin, the
responses were not consistent among 1solapes. The HA titgr
of the tissue culture adapted TN-233 lsolate increased by
4-fold as the pH increased while the titer of the other
lsolates elther remained unchanged or decreased.

While the HA titers of all the FPV end MEV isolates
decreased as the pH increased, the rseduction range§ from a
4-fold decrease to >32-fold decrease. The 2 Johnson strains

-of FPV and the MEV-3 isolate of MEV showed the largest drops.
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3. Effects of pH on hemagglutination titers of CPV,

FPV, and MEV

Infectivlity

bHemagglutination titer.

Virus Strain pH
titer 6.6 7.0 7.4
CPV FLF1=2 5,08 1024 1024 512
CPVY KB 5.5 16,384 16,384 16,384
CPV A78-22 5.4 2048 1024 2048
CPV TN-233 6.7 256 512 1024
FPV FPV-J1 5,7 32 <2 <2
FPV FPV~J2 6.5 512 16 16
FPV ICK-33 6.1 2048 128 256
FPV FPV-C1 5.7 2048 512 256
FPV FPV-G1 4.5 512 256 128
MEV NEV-1 5.0 16, 384 4096 4096
MEV MEV-2 4.5 256 64 64
NEV MEV-3 4.5 64 8 <2
8Infectivity titér expressed in logqg TCID50/m1.
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In this test system, changes of lesa than an 8-fold were not
considered significant, thus 1 FPV 1solate, FPV-Gl, and 2
MEV isolates, MEV-1 and MEV-2, reacted similarly to the CPV
isolates. Hemagglutinatlion reactions were, therefore, not

rellable in differentiating CPV, FPV, and MEV.

In Vitro Specles Susceptibllity

All of the vliruses tested were able to replicate in
CRFK cells as evidenced by >1000 infected cells/well and a
reduction in cell numbers due to the cytopathogenlcity of
the viruses, No speclific fluorescence was detected in EPK
cells or pBL cells with any of the 14 viruses used in the
study.

Although the CPV isolates tested were able to induce
the formation of specific fluorescence in all 3 canine cell
types, the A-72 cells appeared to be the most susceptible to
CPV (Table 4), While none of the FPV lsolates showed
evidence of viral replication 1n canine cells, the challenge
strain of MEV (MEV-1) was able to induce fluorescence, but
only in A-72 cells. The lack of fluorescence with MEV-2
and MEV=-3 may have been due to elther thelr adaptation to
CRFK cells, or to the use of lower titered inoculums for
these isolates. In gplte of the low amount of fluorescence
seen with MEV-1 in A-72 cells, the data obtained indicate
that the ablllity of - CPV to replicate in A-72 cells to

approximately the same degree as 1t does in CRFK cells is a
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Table 4. Specifilc parvoviral fluorescence in canine cells

Virus Strain Titer TR c;%%s e
CPV FLFi-2 2.5% <sP <5 >1000
CPV KB 3.5 27 + 14 5-10 1000
CPV A78~22 3.5 5-10 <5 51000

" CPY TN-233 2.8 <5 - <5 © 31000
FPV FPV-J1 3.5 NSFe NSF NSF
FPV FPV-J2 3.0 NSF NSF NSF
FPV FPV-C1 3.3 NSF ' NSF NSF
FPV FPV-C2 3.8 NSF NSF NSF
FPV FPV-F1 3.5 NSF ~  NSF NSF
FPV FPV-G1 3.5 . NSF NSF NSF
FPV 1CK-33 2.8 " NSF NSF NSF
MEV MEV-1 3.8 NSF - NSF 5-10
MEV MEV-2 2.5 NSF NSF NSF
MEV MEV-3 2.5 NSF NSF NSF

8Infectivity titer of inoculum expressed in logip
TCID50/0.1 ml. Titer was determined in CRFK cells.

PAverage number of fluorescing cells/well. When the

mean was between 11 and 1000, the mean + 1 standard deviation
is given, -

'©No specific fluorescence.
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characterigtic that can be used to distinguish CFV from
FPV and MEV,
Although it appears CPV replicates bstter than FPV or

MEV in mink lung, ferret lung, and Vero cells (Table 5),
there 1s too much varlation among the isolates to make any
definite c&ﬂcluaions on the usefulness of these cells for
virus identification. One reason 1s that the amount of
fluorescence observed with MEV-3 in mink lung cells was
more indicative of an FPV isolate than MEV. Howevef, when
the history of MEV-3 was investigated, it was discovered
that the virus was obtained from R. H. Johnson. The
similarities of the HA reactions (low HA titer/infectivity
titer ratio) of MEV-3 and the Johnson isolates of FPV
(Table 3) suggest that MEV-3 may have been misidentlfiqd at
some time and that it 1s really the Johnson strain of FPV.
Ir th;s is true, then the abllity to replicate in mink lung
cells to a greater extent than ferret lung or A-72 cells
would be a characteristic of MEV that would differentiate it
from CPV and FPV. :

L.The.ferret tissue culture adapted FPV=-F1 strain 4id not
repliqage as well as expected in ferret lung cells. It may
be that the virus has. been replicated in cells other than.
lung and it is the inabllity to replicate in lung ¢ells, not
ferret cells, that is the cause of the low number of

fluorescing cells observed.
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Table 5. Specific parvoviral fluorescence in non-canine cells

Virus Strain Titer Cells .
Mlink Ferret Vero
lung lung

CPV FLF1-2 2,52 176 + 37° 26 + 8 5-10
CPV KB 3.5 >1000 >1000 27 + 7
CPV A78-22 3.5 1000 >1000 5-10

PV TN-233 2.8 56 + 13 32+9 <5

FFPV FPV~J1 3.5 <5 74 +13 . <5
FPV FPV-J2 3.0 NSF® .. 510 <5
FPV FPV-C1 3.3 <5 11 + 3 NSF
FPV FPV-C2 3.8 NSF <5 NSF
FPV FPV-F1 3.5 NSF <5 5-10
FPV FPV-G1 3.5 <5 <5 NSF
FPV ICK-33 2.8 NSF <5 <5
MEV MEV-1 3.8 28 + 6 17 + 8 5-10
MEV MEV-2 2.5 30 + 6 <5 NSF
MEV MEV-3 2.5 <5 NSF <5

8Infectivity titer of inoculum expressed in log,,
TCID50/0.1 ml. Titer was determined in CRFK cells.

PAverage number of fluoresecing cells/well. When the

mean was between 11 and 1000, the mean + standard deviation
18'givep.

®No specifie fluorescence.
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GENERAL DISCUSSION

Although the fluoresocent orosa-react;vlty with PPV
cénjugate and CPV has been confirmed, this study has shown
that an equal reaction occurs with PPV conjugate and FPV and
MEV. Thus, it can not be used to differentiate CPV, FFPV
and MEV. Likewlise, the low level serum neutrallzatlion
detected with high titered PPV antiserum 1s not unique to
any of the 3 viruses.

The abllity of CPV to agglutinate pig erythrocytes
seemed to be affected less by an increase in pH than the
agglutination capaclities of FPV or MEV. It 1s this author's
opinlon, however, fhat the magnitude of the difference 1is
not suffliclent to allow HA reactions to be used to
differentiate CPV from FPV or MEV. What 18 of interest, 1s
the low HA results obtalined with the Johnson strain of FPV
(and MEV-3 1f it is truly the Johnson strain of FPV) com-
pared to the HA titers of the other strains of FPV. This
may explain the negative HA results obtained by Johnson
with his isolate and pig erythroecytes and the low HA résnlfs.
obtalned by Carmichael et al., (1980) where the Johnson snow
'1gppgrg‘strain was used as the type strain for FPV., The data
presentéd in this study indicate that this strain 1s not-
representative of FPV,

Of the methods tested, in vitro species susceptibility
appears to be the most reliable for differentlating CPV, FPV,




61

and MEV. However, since fluorescing cells can be detected by
using inoculums with high infectivity titers, the mere pre-
sence of specific fluorescence in cells from a speclss is
not sufficient for virus identiflication. Even at 1000
TCIDso. low numbers of fluorescing cells were detected wlth
isclates of each virus in most cell types tested. Where no
speciflec fluorescence was seen, an increase ln the infec-
tivity titer of thé inoculum might have resulted in ob-
served fluorescence. It is suggested that the relatlve
abilities of a virus to replicate in certain cells Bé used
ﬁo differentiate the 3 viruses. The results of simulta-
neous titratlions in CRFK, mink lung, ferret lung, and A-72
cells should identify the viruses. Canine parvovirus should
titer well in CRFK and A-72 cells; FPV should titer high
only in CRFK ocells; and MEV should titer high in CRFK cells
and the fitration results in mink lung cells should be
greater than thé results in ferret lung cells. It 1g this
pultiple titration system that 1s being used at the Nationsl
Veterinary Services Laboratories, Ames, Iowa, for virus

identifigation.
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PART II. EVALUATION OF THE EFFICACY‘ OF FELINE
PANLEUKOPENIA VIRUS VACCINES FOR CANINE
PARVOVIRAL ENTERITIS
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INTRODUCTION

When CPV emerged in 1978 as a pathogen of dogs, 1t was
a unlque situatlon because a vaccine for the disease, in the
form of FPV vaccine, already existed. Prior to belng
licensed for use in dogs, however, the efficacy of the
heterotyplc vacecine had té be established. This was
difficult because, except in young pups, CPV produces a
mild disease experimentally. A slimilar situation most
probably ococurs after natural exposure with most infections
belng subclinical or resuitlng in only a transient loose
stool or diarrhea that is not recognized as significant by
the owner (Osterhaus et al, 1980a; Pollock and MeGregor,
1980).

Feline panleukopenla virus vaccine for use in cats 1s
consldered satisfactory by the USDA if 1t will induce
protection against a challenge that can produce a leuko-
penlia of 3#000 cells/mm3 or 525% of the prechallenge normél
{Standard requirements, 1981). Leukopenia is not a
prominent occurrence in CPV infection, so other measurable
signs of infection and criterla of significance had to be
established. Thils study deals with the development of these
eriteria and their subsequent use for evaluating the

efficacy of FPV vaccines for CPV enteritis.
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MATERIALS AND METHODS

Dogs
Fifty-five beagle dogs, 2 to 3 months of age, were
obtained from sources known to be free of canine parvoviral
infection.?t Susceptibllity to CPV was confirmed by the
. varying serum-constant wvirus SN tesat pfeviously described,

and all dogs ‘had antlbody titers <1:2.

Vaccines
Vaccines studled were commerclally prepared FPV vaccines
that contained either modified-live virus (MLV) or killed
virus (KV). The HA titers of the vaccines were determined
at a pH of 6.6 by the prefioualy described procedure. The
infectivity titers of MLV vacoines were determined in CRFK
cells by fluorescent antibody stalning 5 days postinfection.
Each vaccine was administered intramuscularly to 4 or 5 dogs.
Revaccination occurred at the shortest interval recommended
by the manufacturer (2 or 3 weeks). Sera were collected at
the time of each vaccination gnd antibody levels determined
against the KB isolata of CPV by the SN test previously %
@escyibed. The vaccines were not diluted except where

——— e

otherwise indicated.

1Th1rty-lix doge were from Cornell Dog Farm, Cornell
University. Ithaéa, New York; 15 dogs were from the
Department of Laboratory Animal Scisnce, Cornell University,
Ithaca, New York; and 4 dogs were taken by Caesarian section
from a dam obtained from [aboratory Research Enterprises,
Kalamazoo, Michigan.
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Challenge Material

Two separate CPV challenges were used in the study.
The rirst1 was & tissue culture preparation containing
105;0 TCIDSO/ml. The second was FLFl1-2, previously
deseribed, which also contained 1050 TCIDgo/ml. No
extraneous viruses were detected in elther challenge
preparation after 2 passages in pDK cells, A~-72 ocells (a
canine fibroblastic cell line used for the detection of CCV),
and Vero cells. The abllities of the challenges to produce
significant effects of CPV infection were similar.

One ml amounts of undliluted challenge were glven
orally to each dog 14 days after the last vaccination.
Food was withheld from the dogs for 24 hours prior to
challenge and the dogs were fed immediately after challenge.
Each dog was housed in a separate cage to facllitate the

evaluation and collection of feces.

Evaluation of CPV Infection
Reotal temperatures and totel and differential
leukocyte counts were obtalined from 3 days prior te
challenge to 14 days postchallenge. Fecal samples were
collected on the day of challenge and each day thereafter
for CPFV hemagglutination teating; the physical abpearance of

the feces was recorded dalily. Sera were collected on the

lobtained from Norden Laboratories, Linecoln, Nebraska.
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day of challenge and antibody levels determined as

previously described.

Leukocyte Counts
Total leukocyte counts were determined using a semi-

automated electronic cell sounter.l Duplicate counts were
obtained for each sample. If the counts did not exceed the
3% error of the instrument, the 2 counts were averaged and
corrected for coincldence, If the difference between the

2 counts was greater than 3%, the reading were disregarded
and a new set of 2 counts was obtalned.

Differential leukocyte counts were conducted on
stalned smears.2 .The absolute lymphocyte counts were
calculated by multiplying the number of lymphocytes counted
in 100 oe;ls by the corrected total 1epkocyte count and
dividing by 100.

HA testing of feces

Viral shedding wes evaluated quantitatively by
determining the amount of viral hemégglutinin present in the
feces using a modification of the technigue desocribed by
Carmichaél et al, (1980). Two- to 3-gram samples of fecal

1coulter Counter Model ZB1, Coulter Electronics Inc.,
Hialeah, Florida.

ZWright's Stain, Flsher Sclentific Company, Fair Lawn,
New Jersey,.
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naterial were mixed with 5 ml of Dulbecco's phosphate
buffered saline. The suspendqd samples were centrifuged at
1500 X g for 25 minutes, then 2 ml of the supernate from
each sample was vigorously mixed with 0.2 ml chloroform.
This ochloroform treated sample was centrifuged at 1500 X g
for 15 minutes. The supernate was removed and frozen at

-70°C until tested for HA activity.

The HA test was condupted in 96-well U=-bottom
microtiter plates. Dulbecco's phosphate buffered saline, pH
7.0, with 0.5% bovine serum albumin was used as a diluent, |
and prewashed pig erythrocytes, 1.0% in the above diluent,
were the agglutinated cells. Each fecal sample was
titrated in duplicate with 1 titratlon serles being
incubated for 30 minutes at room temperature with CPV
antiserum éapable of neutrallzing 2048 HA untts and the
other incubated with normal serum priorlto making 2-fold
dillutions, After the erythroocytes were added, plates were
incubated at 4°C overnight. The highest dilution at which
HA wag detected was consldered the endpoint tiﬁer. At least
a 16-fold reduction in titer must have occurred after
incubation with CPV antiaerum-before the HA was considered

specific.
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RESULTS AND DISCUSSION

Seronegative Control Dogs

Fif teen seronegative control dogs, in 3 groups of 5
dogs each, were glven the challenge preparaﬁion.| The
highest dally rectal temperature obtained and the largest
daily percent lymphocyte drop are presented in Table 6. In
11 of the 15 dogs, these 2 events occurred on the same day
indicating they were not random fluctuations. BEased on
these results, a febrile response of >39.7°C and a
lymphopenia of >50% of the prechallenge normal were
considered oriteria of significant CPV infection that could
be reproduced by the challenge preparation at least 80% of
the time,

The c¢linical signs of enteritis observed after
administration of the challenge preparation varied
considerably from dog to dog (Table 7). Some dogs had no
8lgns or only a translent loose pancake~like stool whlle
others developed & pronounced dlarrhea accompanied by cobious
amounts of light brown mucus and frank blood. No enteric
s8lgns were noted prior to day S5 postchallenge except with
dog 9261 which had a loose stool on days 1, 3, and 4
postochallenge. Vomiting was not a‘consistent observation,
and wag_occasionally noted prior to challenga.' Similarly,
loose panocake~like stools were observed at times other than

the postchallenge observation period. For this reason,
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Table 6. Highest febrile response and lymphopenlia in
seronegative control dogs inoculated with CPV

Percent
Dog number Temperatures ©°C lymphopenia

oI41 39,8 (5)2 82°(5)
CIhLS 39.8 (5,6) 79 (5)
CIN6 39.7 (5) 78 (5)
CI49 0.6 (6) ' 79 (5)
CI50 41.0 (5) 59 (5)
9256 39.8 (5) 67 (5)
9261 39.3 (6) 71 (5)
9285 39.9 (6) 48 (5)
9251 39.9 (5) 72 (5)
9270 39.7 (6) 71 (6)
CI9 0.0 (5) 63 (5)
CJ85 39.6 (3) 64 (7)
CKO01 39.7 (7) b3 (7)
CJ90 39.9 (5) 58 (5)
cJ83 ' 40.0 (6) 50 (6)

&Day postchallenge that highest temperature or percent
lymphopenia was observed is given in parenthesis.

_ bPercent reduction in absolute lymphocyte count from
prechallenge normal level.
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Table 7. Clinical signs of enteritis® in seronegative
control dogs inooculated with CFV

Dog number : Day postchallenge

5 6 7 8 9 1¢ 11 12 13 14

CI41

CI4s D MBD BD L L

CI46 L L D

CI49

CIS0 L

9256 V MBD BL L L L L

9261 L L L L L L D L

9285 L DV BD D LMB

9251 DB LMB IMB L

9270 M L L v

CJIY | L VIM D L L . v
cJ85 L L

CKO1 IMB IMD L LMB L

CJ90 MB MD V M

cJ83 v

%Clinlcal signs of enteritis were reported as follows:
D = dlarrhea; M = mucus in feces; B = blood in feces: I =
loose pancake-like stool; V = vomitus.
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nelther vomiting nor the presence of a loose stool were
considered as definitive signs of CPV infection. Those
signs that were attributed to the challenge inoculum were
diarrhea, defined as feces that flowed down the inclined
pan on the bottor of the cage, or the presence of mucus or
frenk blood in the feces.

None of the fecal samples collected prior to day 4 or
after day 8 postchallenge had HA titers above 1:16, The low
HA titers that were seen were not reduced by incubation with
CPV antiserum. Therefore, any HA activity seen prior to day
4 or after day B8 was considered nonspecific, Those titers
for the 3 groﬁps of controls that were consldered the result
of CPV infection are presented in Table 8. Hemagglutination
titers of >1:64 were obtained in 14 of 15 doge. Dog CJI94
developed an HA titer of 1:64, 8 days poatchalleﬁge. but the
titer was only reduced to 1:16 by incubation with
antiserum. Although the 1:64 titer was probably due to the
presence of CPV, the agglutination 4id not meet the criterion
of a 16-f0ld reduction in the presence of antiserum and was
thus considered to be nonspecific,

Based on the results obtalned with the challenge
preparation of CPV in seronegative controls, 4 eriteria of
significant infection were established. They are: (1)
rectal temperature >39.7°C, (2) lymphopenia of >50% of the

prechallenge normal, (3) presence of enteric signs of
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Table 8. Canine parvovirus hemagglutinin activity in feces
of Beronegative control dogs inoculated with CPV

Dog number

Day postchallenge

m 5 6 7 8
ciu1 2 2048P L4096 2048 e
| CI45 2048  >4096 >4096 >4096 >4096
CI46 .o 24096 >4096 coo cos
CT49 128 »4096 4096 1024 e
CI50 e ver 24096 >4096 .
9256 64 4096 4096 1024 .o
9261 .. 6l 512 6 oo
9285 ce. 1024 256 512 i
9251 128 512 >4096 >4096 .
9270 e s e 256  »4096
CI9Y . ces ees cos
cJ85 e cee >4096 512 oo
CKO1 cee . 128 6k 256
cJ90 ces 512 >4096 oo ‘es
CK83 . 128 256 .

" 8No specific hemagglutination detected.

‘bReciprocal of the highest dilution at which
hemagglutination was detected,
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11lness which were limited to diarrhea or blood or mucus

in feces. and (4) presence of CPV hemagglutinin 1in the
feces at a level of >1:64. The occurrence of these &
criteria in the 15 seronegative control dogs 1s summarlized
in Table 9. The challenge preparation was conslidered
capable of producing at least 3 of the 4 criteria in at
least 80% of the controls, and this then was established as
the minimum acceptable challenge level for a valld vacclne

immunogenicity test.

Modlified-Live FPV Vacclnes

The inltial vacclne trial in dogs was conducted with a
serlal of modified-live FPV vaccine diluted to a level that
would be minimally accqptable for cats. The diluted vacclne
had a viral titer of 103-1 TCIDgp/dose. Fourteen days after
a single vaccination only 2 of 5 vaccinated dogs developed
measurable antibody levels (1:3 and 1:4). The immunity of
the vaccinates was challenged at that time and all dogs
developed at least 2 of the 4 criteria of CPV infection.
These results indicate that a vaccine that met the minimum
acceptable titer for immunizing cats did not contain
sufficient antigenio mass initially, nor was it able to
induce sufficlent viral replication after inoculation, to
immunize dogs.

Undiluted vaccines were also evaluated 1n dogs (Table

10). The vacelines were produced by 3 different manufacturers,
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Table 9. Presence of challenge criteria 1n seronegative
control dogs lnoculated with CPV

Group Dog number Criteria Present®
1 CI4l T L H
CI45" T L c H
CI46 T L C H
CI49 T L H
CIs0 T L H
II 9256 T C H
9261 L Cc B
9285 T c H
9251 T L Cc - H
9270 T L C H
III CJI94 ‘ T L Cc
cJ85 L H
CKO1 T C H
CJ90 T L c H
cJ83 T H

gCrlteria present reported as follows: T = temperature
239.7°C; L = lymphopenia of >50% of prechallenge normal; C =
clinlcal signs of enteritis which were limited to dlarrhea or
Flood or mucus in feces; H = hemagglutination titer >1:66 in
eces. =220
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Table 10. Serologlcal and CPV challenge results in dogs
vacoinated with modified-live FPV vacclne

Vaccine Titer Dog Serology?® Results of
number One dose Two doses ochallengeP

Firm A 105-2° 9281 <2 7 T L C H
Serial 2 1284 9252 >32 >243 Protected
9253 3 2 L C E
9288 8 >243 Protected
92873 2 2 T L C H
Firm B 105-3  cp12 <3 3 Protected
Serial 1 128 CP13 <3 21 Protected
c096 5 b7 Protected
Cco97 7 - 36 Protected

8Reciprocal serum dilution that neutralized 100-300
TCIDsp of canlne parvovirus,

bResults of challenge reported as follows: T =
temperature >39,7°C; L = lymphopenia of >50% of prechallenge
normal; C = clinlcal signs of enteritis which were limited to
diarrhea or blood or mucus in feces, H = hemagglutination
titer >1:64 in feces.

CInfectivity titer expressed in TCIDgg/dose.
dHemagglutination titer.
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Table 10 (Contiriued)

Vaccine Titer Dog Serologxﬂ Results of
number One dose Two doses challengeb
Firm B 105-0  cm67 ? b7 Nce
Serlal 2 512 cM82 9 >140 NC
CM70 36 >140 NC
CM76. >140 625 NC
Firm ¢ 1055  cm80 81 naf NC
2048_ CM71 b7 NA NC
- CH69 47 NA Ne
NA NC

CM75 >107.

©Not ehallenged.

fNot applicable.
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and although the viral titers were comparable (105'0 to
105+5 TQIDso/dose) there were greater differences in the HA
titers of the vaccines (128 to 2048). The serological
responses and subsequent protection from immunity challenge
elicited by the vaccines appeared to correlate better with
the HA titers than with the infectivity titers. For
example, with the 2 serials from firm B, the better

' serologlcal responses were seen with serial 2, the serial

. with the higher HA titer but the lower infectivity titer.

As data were evaluated from vaccinatlion-challenge
trials, it became apparent that as the antlbody titer
increased, the likelihood of protection from the Effectg of
the challenge preparation also increased (Table 11). Since
1:11 was the highest antibody level shown to be non-
protective, it was decided not to challenge the dogs
vaccinated with serial 2 from firm B, or the serial from
firm C. The lowest individual antibody titer induced by
each vacclne was 1:47.

The possibility of a rectal temperature of >39.7°C -
occurring by chance instead of as a result of the cthallenge
exists and was seen in 3 of 20 vaccinates that were other-
wise considered protected. The 20 dogs did not develope a
lymphopenia of 250% of the prechallenge normal, fecal hem-
agglutinin >1:64, or clinical signs of ente¥1tis 5651;;I;é

challenge. The 3 dogs with elevated temperatures were
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Table 11. Comparison of prechallenge @erological titers
and the effects of CPV challenge

Préechallenge serology® Results of challenge®
)
<2 T H
<2 T L c H
<2 T L Cc H
<2 L C H
<2 Protected )
<2 C H
2 T c H
2 T L c H
3 Protected
3 c H
3 Protected
b c H
4 T c H
7 T Cc H
8 Protected

~ 8Reciprocal serum dllutlon that neutralized 100-300
TCIDgp of canine parvovirus.

baesults of challenge reported as follows: T =
temperature >39.7°C; L = lymphopenia of >50% of prechallengé
normal; C = clinical signs of enteritis which were 1limited to

diarrhea or blood or mucus in feces, H = hemagglutination
titer 31:64 in feces, =8
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Table 11 (Continued)

Prechallenge serology Results of challenge
10 Protected
11 L c
12 Protected
12 ‘ ' ' Protected
14 Protected
16 Protected
21 Protected
23 Protected
23 Protected
36 Protected
47 Protected
62 Protected

107 Protected
107 Protected
243 Protected
2243 Protected

>243 Protected
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excitable animals that showed similar temperatures during the
3 days prior to challenge. Although none of the 20
v;ccinates considered protected had lymphopenias of >50% of
the prechallenge normal (mean maximum lymphopenia 31 + 12%)

4 dogs had lymphopenias of >45%. To what extent viral
replication in these clinically protected dogs may have
influenced temperatures and lymphocyte counts_is not known,
but since elevated temperatures can ocour in excited dogs,
and fluctuationé in lymphocyte counts of 350% seem possible,
it was decided to consider a dog protected unless at least

2 criteria of significant parvovirus infection were present.

Inactivated FPV Vacclnes

Preinactivation titers of the killed FPV vaccines
evaluated in dogs were not available. The HA titers of the
vaccines correlated positively with the serological
responses and lmmunity to CPV infection produced by the
vaccilnes. The results (Table 12) are ranked by ascending HA
titef. Although the vaccine from Tirm X 414 not protect
dogs with 2 doses, the manufacturer had previously
demonst;ated that 1 dose of vacclne would immunize cats
against fellne panleukopenia., It therefore appears that the
minimum antigeni¢ mass necessary to immunize dogs is greater
than the amount necessary to immunize cats. '

Thé dogs vaccinated with serial 2 from firm Z were not

immunity challenged because the high neutralizing antibody
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levels produced indicated protection (see above). These
dogs were malntained in isolatlon to deﬁermine the duration
of lmmunity produced by the vaccine. The antibody titers
obtalned at monthly intervals dropped sharply, and by 2
months after the second dose, the geometric mean antibody
titer was only 1:169. After the initial drop, the antibody
titers remained fairly constant (fluctuating within a 3~-fold
range). Thée geometric mean antlbody titer 8 months after
the second dose was 1:207. Control dogs from the same
litter housed with the vaccinatgd dogs remalned seronegative,
and in vitro testing of the vacclne used to lmmunize the

dogs falled to detect any viable virus.
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Table 12. Serological and CPV challenge results 1n dogs
vaccinated with inactivated FPV vacoine

Vaccine HA Dog. Serology® Results ofP
titer number One dose Two doses challenge

Flrm X 2 cJ87 <3 4 L H
CKO02 <3 2 L H
cJB4 <3 <2 Protected
CcJ93 7 7 TL H
cJ98 3 2 L H

Firm Y 128 cJ92 <3 10 Protected

Serial 1 CJ91 <3 8 Protected
CJ95 4 23 - Protected
cJ96 - <3 - 1h Protected
cJ82 <3 3 Protected

Firm Z %12 CP15 b4 12 Protected

Serial 1 CP16 <3 16 | Protected
c098 ' 4 12 Protected
C099 <3 62 Protected

aReciprocal serum dilution that neutralized 100-300
TCID50 of canine parvovirua.

bResnlts of challenge reported as follows: T =
temperature >39.79C; L = lymphopenla of >50% of prechallenge
normal: C .= clinical signs of enteritis which were limited to
diarrhea or blood or mucus in feces, H = hemagglutination
titer >1:64 in feces.
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Vaccine HA Dog Serology® Results ofD

titer number One dose Two doses challenge

Firm Y 1024 9282 5 23 Protected
Serlal 2 9280 11 L C

9260 32 243 Protected

9286 14 107 Protected

9250 >32 107 Protected
Firm Z 2048 15 280 925 NC
Serial 2 10 187 >1398 NC
7 187 >1398 NC
13 124 NC

2935
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GENERAL DISCUSSION

The establishment of the 4 criteria of significance for
signs of experimental CPV infection made it possible to
objectively evaluate the efficacy of FPV vacclnes for CPV.
It was demonstrated that when sufflclent antigenic mass, as
measured by the HA test, was present in elther a MLV or KV
vaccine, the vaccine induced protection against clinical
CPV.

Whether a vaccine was capable of preventing infection
by CPV was not established in this study. Other workers. -
have indicated that HI titers of 1:256 (Smith et al., 1980)
and 1:80 (Carmichael and Pollock, 1981) were necessary to
prevent viral infection. Since‘the SN test has been shown
to be more sensitlve than the HI test (Pollock and
Carmichael, 1982), it 18 doubtful that an SN titer of 1:12,
which appeared in this study to be protective against the
clinical manifestations of CPV, would actually prevent
infection.

Presently, a serial of KV vaccline is consldered
satisfactory if 4 of 4 vaccinated dogs are protected from
immunity challenge. Protection is defined as the presence
of not more than 1 of the criteria of infection following
exposure to a challenge that produces at least 3 of the &
criteria in 80% of the susceptible control dogs. Early in

the evaluation of wvaccines for CPV, it became apparent that
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there was a strong positive relationship between increasing
antibody titers and protection from challenge. In cats, a
neutralizing antibody tlter of 1:4 is considered protective
by the USDA (Standard requirements, 1981) and a serial of
inactivated FPV vaccine that can generate neutrallzing
antibody titers of at least 1:8 in 3 of 4 vacclnates and
not less than 1:4 in the rémalning vacclinate is considered
satisfactory for release without immunity challenge of the
vacclnates. From the data generated by thls study, it
appears that a similar serological tesf can be instituted
for KV vacelnes for CPV, If a serlal of vaccine can
produce neutralizing antibody titers of at least 1:16 in
3 of 4 vaccinated dogs while the remaining vaccinate
develops an antibody titer of at least 1:8, the serial
could be considered satisfactory for release without
immunity challenge of the vaccinates, A seronegative dog
housed with the vaccinates would be required to remain free
of antibody as a control against postvaccinal exposure to CPV.
An even better test for Kv vacclines would be to
release serials on their HA titer. The minimum post-
inactivation HA titer necessary to lmmunize dogs could be
determined in a large number of dogs to assure accuracy (20
vaccinates and 5 controls). Once the minimum HA tlter is
established, each subsequent serlal of vaccline must have an

HA tlter equal to or in excess of the minimum level in order
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to be considered satlsfactory. Depending upon the
reproducibllity of the HA test, a reference preparation,
with an HA titer equal to the HA titer of the vaccine
tested in dogs may have to be run simultaneously with the
serial of vaccine under test.

It has been reported that FPV vaccine replicates in
the dog, often producing high persisgtent antibody tlters
(Appel et al., 1980a). This might explain the extreme
variabllity of the immune response seen with serial 2 from
firm A. In the 2 dogs with high antibody titers, the vlrus -
appﬁrently replicated. In the other 3 dogs, there abpeared
to be no §1r31 replication and the antigenic mass present 1in
the vaccine was not sufficlent to produce immunity.

Although the duration of fhe antlbody responses was
not compared, the titers generated by the modified-live FPV
vaccines used in thls study were similar to those seen with
- the lnactivated FPV vacclines. This 1s particulary true when
vgccipes with the same HA titers are compared. For this
reagon,‘lt is felt that in a large proportion of dogs,
modif;ed-llve FPV vaccines do not replicate, but act
instead like KV vacclnes.

It has been suggested by Carmichael and Pollock (1981)
that Fhe percentage of dogs in which FPV replication occurs
can be increased by }ncreaaing the infectivity titer of the
vaccine. In that study, 8 of B8 dogs glven 107-5 TCID50 of
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Ffv. 5 of 8 dogs given 105-5 TCIDgp of FPV, and 3 of 8 dogs
glven 103'5 TCID50 of FPV developed HI antibody tifers of
>1:80, the level the authors consldered protective. However,
since antibody titers of thlis level are possible after a
single dose of inactivatéd FPV vaccine (Appel et al., 1979),
the higher antibody titers seen wlth the higher tltered
vaccines may have been due to an increase in antigenlec mass
and not an 1ncréase in the number of dogs in which viral
replication occurred. Carmichael and Pollock also stated
that when viral replication does occur, the resulting
antibody titers will persist longer. However, in‘the study
cited, the persistence of the antibody response was not
determined, and therefore, an increase in viral replicatlon
with an increase in infectivity tlter was not proven.
Presently, a serial of modifled~llve FPV vacclne 1s
considered satlsfactory for marketing if 1lts viral titer is
at least 0.7 logyg above that required to induce protection
from CPV challenge in at least 19 of 20 dogs with protection
belng defined as it was for KV vacclines. If viral
replication can not be guaranteed, 1t seems more practical
to consider a serlal of vaccine satlsfactory for marketing
based on 1ts total antigenic mass and not just 1its
infectivity titer., With parvoviruses, the ability to
agglutinate erythrocytes 1s a characteristic of mature

infective virions, incomplete particles, and empty capsids,
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all of which are antigenic (Slegl, 1976). The HA test

would thus appear to be
Additional testing will
vitro tests for release

as well as KV vacclnes,

a reliable test for antigenlc mass.
determine its usefulness as an 1in

for marketing of serial lots of MLV
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SUMMARY

In this study, methods of differentiating CPV, FPV,
and MEV were examined and of the methods tested, 1ln vitro
species susceptibility was shown to be the most reliable.

A procedure was proposed in which an unidentifled virus

would be tltrated slimultaneously in Crandell feline kidney,
mink lung, ferret lung, and canine origin A-72 cells. Canlne
parvovirus should titer well in CRFK and A-72 cells; FPV
should titer high only 1n CRFK cells; and MEV should tlter
high in CRFK cells and the titration results ih mink lung
cells should be greater than the results 1ln ferret lung cells.
It 1s this multiple titration system that is belng used at
the National Veterlnary Servlices Laboratories, Ames, Iowa,

for virus ldentification,

The close serological relationshlip between CPV and FPV
suggested that existing FPV vaccines could be used to
immunize dogs agailnst the effects of CPV. A vacclnatlon-
challenge procedure was established to evaluate the efflcacy
of FFV vacclnes, The results indicated that FPV vacclines
could, lndeed, be used to protect dogs agalnst CPV enteritis,
but the minimum effectlive dose for dogs was higher than the
minumum effective dosé for cats. It was also shown that the
infectivity titer of a serlal of MLV vaccine was less
important than its total antigenlic mass, as measured by the

HA test, 1n predlcting its efficacy. Minimum standard
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requirements that utilized the HA test were proposed for

FPvaacclnes intended for use in dogs.
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