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Antibody titres to canine distemper (CDV), canine parvovirus (cpv) and canine adenovirus (cAV) were
measured in 144 adult dogs that had not been vaccinated for between three and 15 years. Protective
antibodies to cpv were present in 95 per cent of the population, to CDV in 71-5 per cent and to CAV in 82 per
cent. The prevalence of protective titres did not decrease with increasing time interval from the last
vaccination for any of the three diseases studied. Booster vaccination increased the dogs CAV titres. For
comparative purposes, 199 puppies were sampled at the time of their first and second vaccination. In the
case of cpv and cAv a significantly higher proportion of the adult dogs were protected than of the puppies
immediately after they were vaccinated. Natural cpv boosting was strongly suspected because the dogs had
significantly higher titres three years after their primary vaccination than two weeks after it and three
unvaccinated dogs had acquired protective antibody levels uneventfully. There was no evidence of natural
exposure to CDV.

THE widespread use of effective vaccines since the late 1940s
has led to a great reduction in the incidence of the common
infectious diseases of dogs in the UK (Patronek and others
1995). The sudden severe impact of the canine parvovirus
(cpv) epizootic in 1978, for example, has almost passed into
folklore because the disease is now effectively controlled by
live attenuated vaccines. Clinical cases of distemper are rare.
Vaccine technology has evolved, making some modern vac-
cines significantly more effective than older ones. For exam-
ple, in the case of cpv vaccines, early killed feline-derived
vaccines resulted in low titres that persisted for six months
or less, whereas puppies vaccinated with inactivated canine
vaccines developed significantly higher titres that persisted
for up to 12 months (Wallace and McMillen 1985).
Attenuated cPv vaccines stimulate higher titres in a larger pro-
portion of vaccinated dogs (Olson and others 1996) and one
is now licensed for biannual use (Nobivac DHPPi; Intervet).
However, the outbreaks of distemper in the early 1990s in
Finland show that the efficacy of modern vaccines cannot be
taken for granted (Ek-Kommonen and others 1997). In the
case of canine adenovirus type 2 (CAV-2) vaccines, little infor-
mation on their efficacy or duration of immunity is available,
despite modified live CAV-2 having replaced canine adenovirus
type 1 (CAV-i) in all commercial adenovirus vaccines licensed
in the UK, to limit the risk of vaccine-induced uveitis (Bass
and others 1980).

From the early 1990s, articles expressing concern about
possible vaccine side effects appeared in the professional as
well as the lay press and pet owners are increasingly ques-
tioning whether annual vaccination is necessary or even
potentially harmful (Kass and others 1993, Duval and Giger
1996, O'Driscoll 1998). Suspected side effects in dogs include
type I (immediate) hypersensitivity reactions (Gray 1998,
Greene 1998a), immune-mediated haemolytic anaemia
(Duval and Giger 1996, Astrupp and others 1998, Gould and
others 2001), thrombocytopenia (Straw 1978, Greene 1998a),
uveitis and corneal oedema (Bass and others 1980), cutaneous
vasculopathies resulting in alopecia (Wilcock and Yager
1986), metaphyseal osteopathy (Mee and others 1993, Abeles
and others 1999, Harrus and others 2002) and polyradicu-
loneuritis and encephalitis (Greene 1998a). In the absence of
an outbreak, the benefits of vaccination are less obvious. In
an attempt to decrease the possible risk of side effects while

maintaining reasonable immunity, a compromise of booster
vaccination at three-year intervals for adult dogs has been
suggested (Greene 1998a, Ford and Schultz 2000).

This survey aimed to provide up-to-date UK-specific infor-
mation on the persistence of immunity to canine distemper
virus (CDV), canine adenovirus (cAv) and cPv in pet dogs by
measuring the antibody titres of dogs that had not been vac-
cinated for three or more years. The results were compared
with the titres of pet puppies shortly after their primary
vaccination.

MATERIALS AND METHODS

Vaccinated dogs
One hundred and forty-seven pet dogs from the south of
England were sampled; only dogs that had not been vacci-
nated in the three previous years were accepted. Of the 147
dogs sampled, 143 satisfied this criterion for cPv, and 144 did
so for CDV and CAV. There were 92 females and 52 males. None
of the dogs was suffering from an active infection or was cur-
rently receiving immunosuppressive or chemotherapeutic
drugs. Complete vaccination records were available for 120 of
the dogs for cPv and 125 for CAV and CDV. Three dogs that had
never been vaccinated were sampled at the owners' request to
allow them to decide whether they needed to be vaccinated.

Every puppy examined by a first-opinion Manchester
practice between 2000 and 2002 was sampled on the day it
received its first recorded vaccine (modified live CDV, CAV-2,
cPv and canine parainfluenza components mixed with a
killed leptospira bacterin). Most ofthem ( 189 of 199) were 10
to 14 weeks old. They were sampled for a second time on the
day they received their second vaccine (leptospira bacterin),
10 to 21 days later for most of them. They all received the
same commercial vaccine.

Serological tests
A single 1 to 6 ml sample of blood was taken from a jugular
or cephalic vein, placed into serum gel tubes and centrifuged.
The samples were analysed by the Canine Infectious Diseases
Research Unit, University of Glasgow.

All the serum samples were inactivated at 56°C for 30 min-
utes, and the samples for cPv serology were further adsorbed
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Breed

Border coilies
Crossbreeds
Golden retievers
Basset hounds
German shepherd dogs
Large munsterlanders
Rottweilers
Whippets
Cocker spaniels
Jack Russell terriers
Shih tzu
Bearded collies
Boignese
Labrador retrievers
Springer spaniels
Caim terriers
Bemese mountain dogs
Cavalier King Charles spaniels
Dalmatians
Great danes
Lurchers
West Highland white terriers
Beagle, beramasco, bichon fis, boxer, flat-coated

reriewr, giant schnauzer, greyhound, liish setter,
old English sheepdog, pointer, rough colie, smooth
collie, soft-coated wheaten terrier, Tibetan terrier,
toy poodle

Number

25
15
15
9
9
7
6
6
5
5
5
4
4
4
4
3
2
2
2
2
2
2

with equal volumes of 50 per cent pig red blood cells to
remove non-specific inhibitors. Antibody titres for cPv were
determined by the haemagglutination inhibition (HI) test
described by Thompson and others (1988). Antibody titres
for CDV and CAV-2 were determined by serum neutralisation
(SN).

Neutralisation tests for the assessment ofCDV were carried
out in microtitration plates, using a method based on that
described by Appel and Robson (1973). Four-fold dilutions
of test serum from 1:8 to 1:16,384 were made up in medium
M199 with hepes buffer and 5 per cent fetal bovine serum,
using 25 ,ul serum and 75 [t M199. Each four-fold dilution
of serum was tested in four wells. Approximately 100 TCID50
of the Onderstepoort-Bussell strain of CDV in 75 pl were
added to each well. The serum/virus mixture was incubated
at room temperature for one hour in the dark followed by one
hour at 40C to allow neutralisation to proceed; 50 iil of a sus-
pension of 104 Vero cells per ml was added to each well and
the plates were incubated at 37°C in an atmosphere contain-
ing 5 per cent carbon dioxide in a humidified incubator for
three days. Each well was then examined microscopically
and the proportion of wells showing the characteristic
cytopathogenic effect was recorded for each serum dilution
which reduced the proportion of wells infected from 100 per
cent to 50 per cent. Serum and virus controls were included
on each occasion that the test was carried out.

The serological tests for CAV-2 were carried out in a simi-
lar way except that the dilutions were made in minimum
essential medium with Earle's salts. The stock virus at
approximately 100 TCID50 was the Manhattan strain of C-2.
The serum/virus mixtures were incubated at 37°C followed
by one hour at room temperature. The cell substrate was
Madin Darby canine kidney cells and the end-points were
determined after five days incubation in a humidified incu-
bator.

The serological results were classified into three categories.
Dogs with CDV and CAV titres of 16 or less were considered
susceptible; those with borderline titres between 16 and 64
were considered possibly protected and those with titres of
more than 64 were considered almost certainly protected. In
the case of cPv, these categories were defined by titres of less
than 64,64 to 128 and more than 128.

20.
0

- 15.
0

10.

0

3 4 5 6 7 8 9 10 11 12 13 14 15 17
Age (years)

FIG 1: Age distribution
of the dogs sampled
more than three years
after their last
vaccination

Statistical analysis
The results were analysed by comparing the proportions of
susceptible dogs, classified by their vaccination history. The
proportions were compared by likelihood ratio using PRO,C
LOGISTIC in the SAS software system.

RESULTS

The adult dogs had a wide range of ages (Fig 1). Border col-
lies were over-represented among the breeds sampled (Table
1) because a large proportion of the owners found out about
the study through dog training classes. Nevertheless, the
breeds and ages sampled were broadly representative of the
UK pet dog population.

Of the dogs vaccinated three or more years previously,
94 4 per cent (135 of 143) were protected against cPv infec-
tion; eight ofthe dogs had borderline titres, but none had low
to undetectable titres. The 95 per cent confidence interval for
the population with borderline titres was 1-8 to 9 4 per cent,
indicating that between 1-8 and 9 4 per cent of all the dogs in
southern England that had been last vaccinated three or
more years previously, ofwhich the dogs sampled were taken
as a representative group, would have had borderline cPv
titres. In the case of CDV, 103 of 144 (71-5 per cent) had pro-
tective titres, 26 (18-1 per cent) had borderline titres and 15
(10.4 per cent) had low to undetectable titres. The 95 per cent
confidence interval for the low and borderline titres was
between 21 - 1 and 35-9 per cent. In the case of CAV, 118 of 144
(82 per cent) had protective titres, 14 (10 per cent) had
borderline titres and 12 (8 per cent) had low to undetectable
titres. The 95 per cent confidence interval for the low
and borderline titres was between 118 and 24-3 per cent (Fig
2).

The incidence oflow or borderline titres did not appear to
increase with increasing time after the last vaccination for any
of the antibodies assayed (Fig 3), and a logistic regression time
trend model fitted to the data confirmed this.

Puppies
Before their first vaccination, 54 of 197 puppies (27.4 per
cent) had protective cPv titres, 53 (26.9 per cent) had
borderline titres and 90 (45.7 per cent) had low titres. After
a single vaccination, 156 (79-2 per cent) had protective titres,
30 (15-2 per cent) had borderline titres and 11 (5.6 per cent)
had low titres (Fig 4a). In the case of CDV, 16 of 194 puppies
(8.2 per cent) had protective titres, 12 (6-2 per cent) had bor-
derline titres and 166 (85.6 per cent) had low CDV titres before
they were vaccinated. After a single dose, 162 (83.5 per cent)

* Protected * Borderline * Susceptible
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FIG 2: Antibody titres to
canine parvovirus (CPV),
canine distemper virus
(CDV) and canine
adenovirus (CAV) in 143
or 144 adult dogs three
or more years after
their last vaccination
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FIG 3: Effect of the
interval since they were
last vaccinated on the
(a) canine parvovirus
(CPV) titres of 143 dogs,
(b) canine distemper
virus (CDV) titres of 144
dogs and (c) canine
adenovirus (CAV) titres
of 144 dogs
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had protective titres, 24 (12-4 per cent) had borderline titres 0

and eight (4-1 per cent) had low CDV titres (Fig 4b). Before Puppy titres Puppy titres Three or more Adult dogsat first at second years after three or
they were vaccinated 25 of 198 puppies (12-6 per cent) had vaccination sample primary more years
protective CAV titres, 13 (6-6 per cent) had borderline titres vaccinaction after
and 160 (80-8 per cent) had low titres. After a single vaccina- vaccination

tion, 125 (63.1 per cent) had protective titres, 20 (10.1 per FIG 4: Effects of puppy vaccinations and the persistence of
cent) had borderline titres and 53 (26.8 per cent) had low CAV titres to (a) canine parvovirus (CPV) (b) canine distemper virus
titres (Fig 4c). The 95 per cent confidence intervals for the (CDV) and (c) canine adenovirus (CAV)
true rate of puppies with low to borderline titres were 15-1
to 26-5 per cent for cPv, 11-3 to 21-7 per cent for CDV and 30-2
to 43-7 per cent for CAV. vaccination histories, 67 were given only a primary vaccine

Considering dogs that had received only primary vaccina- (group C) and 58 received one or more boosters (group D).
tions, adult dogs three or more years after vaccination had sig- Fourteen of the dogs in group C (20-9 per cent) had low or
nificantly higher cpv titres than puppies immediately after borderline CDV titres, and 17 (29-3 per cent) of the dogs in
vaccination (P=0-006) (Fig 4a). However, there was no signif- group D were similarly at risk (Fig 5b); there was no signifi-
icant difference between these two groups for CDV and CAV. cant difference between these groups. In addition, there was

Comparing the puppies immediately after vaccination no significant difference between the proportion of dogs with
with all the adult dogs (Figs 4a, c), a significantly higher pro- low CDV titres in groups C and D. In the case of CAV, the dogs
portion of the adult dogs had protective cpv and CAV titres in group D were significantly (P=0-0052) more likely to have
(P=0.0002 for cPv and P<0-0001 for CAV). protective titres than those in group C (Fig 5c). There were 20

borderline or low titres in group C (29-9 per cent) and five
Booster vaccinations (8-6 per cent) in group D.
Of the 120 adult dogs with a complete cPv vaccination his-
tory, 60 had been given a primary course of two cPv vaccines Unvaccinated dogs
(group A) and the other 60 had been given at least one booster Two of the three unvaccinated dogs had protective cPv and
(group B). In both groups four of the dogs had borderline CAV antibody titres, but none of them had detectable CDV
titres (Fig 5a). Of the 125 dogs with complete CDV and CAV titres.
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DISCUSSION

Although challenge studies are considered the 'gold standard'
when tying to assess immunity in dogs, antibody titres were
used in this study; high antibody titres have been shown to
correlate reasonably with protective immunity for the diseases
in question (Greene 1998a). Challenge studies would be eth-
ically impossible in pet dogs.

Defining the protective titres was pivotal to the validity of
the study. Because the variation inherent in the biological
systems dealt with made it impossible to define a titre that
distinguished between protected and unprotected dogs
absolutely, a range of borderline titres was included in the
data analyses. The dogs with titres above this borderline range
were almost certainly protected against a virulent challenge
and probably would not have responded to booster vaccina-
tion with a further increase in titre. Dogs with titres below the
borderline range were considered to be at great risk of devel-
oping clinical disease if exposed to field virus and would
almost invariably have responded to vaccination with an
increase in their antibody titre. Some of the dogs with titres
in the borderline range would have responded to vaccination
or might have become ill when exposed to wild virus, and this
number would probably have increased as the antibody titre
fell. It was impossible to predict which individuals with bor-
derline titres would fall into which category without chal-
lenging the dogs (Pyrdie 1966, Pollock and Carmichael 1982).
The titres chosen as indicative of protection erred on the side
of caution and were higher than those usually recommended
by the laboratory used.

For cPv, titres above 128 were chosen as protective, in part,
on the basis of studies done at the Canine Infectious Diseases
Research Unit in Glasgow. In one, puppies were challenged
with virulent cPv. Puppies with maternal antibody titres of
4 or less developed parvoviral enteritis after a five-day incu-
bation and died of their disease; puppies with titres of 16 to
64 had a longer incubation period but still developed the dis-
ease; puppies with titres above 64 remained healthy
(Macartney and others 1988, H. Thompson, unpublished
observations). During a challenge study of puppies vaccinated
with a killed commercial cPv product, the same workers
observed that dogs that developed a titre of 64 or more
remained asymptomatic when exposed to a virulent challenge
and did not excrete virus. Some puppies with a titre of
between 16 and 32 developed clinical signs and excreted virus,
and all the puppies with a titre of 8 or less became ill (H.
Thompson, personal communication). The cut-off titre cho-
sen is slightly higher than the HI titre of 80 used in other stud-
ies. This choice may be overcautious in the case of adult dogs
which are inherently more resistant to clinical parvoviral
enteritis (Thompson and others 1985, Hoskins 1998).

For CDV and CAV there are no results of challenge studies
similar to the above available. The cut-off titre used routinely
by the laboratory is 64 for both antibody titres. The protec-
tive CDV titre chosen for the study (91 or above) was only
slightly higher because the SN test is more repeatable (Appel
and Robson 1973). In the past, the titres considered protec-
tive when using versions of the above SN test have ranged from
16 to 32 (Olson and others 1988, 1997, Coyne and others
2001). Krakowka and others (1978) challenged 12 puppies
and found that those with maternally derived antibody titres
of 2 to 20 survived. Chalmers and Baxendale (1994) were able
to vaccinate puppies with titres of 64 or less; puppies with
titres of 128 or above resisted a virulent challenge.

There are even fewer data available on CAV. Protective
CAV-I titres quoted range from more than 16 (Olson and oth-
ers 1988) to 30 (Coyne and others 2001). Olson and others
(1988) showed that maternally derived antibody titres of 20
to 30 interfered with vaccination. Bass and others (1980)
showed that 20 puppies vaccinated against CAV-2 that survived
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FIG 5: Effect of the
number of vaccinations
on the titres to
(a) canine parvovirus
(CPV), (b) canine
distemper virus (CDV)
and (c) canine
adenovirus (CAV)

a virulent CAV-1 challenge had CAV-2 titres of 12 to 23 and
CAV-1 titres of 90 to 112.

None of the puppies that had titres defined as protective
according to the study criteria seroconverted after being
vaccinated. As no prior history was available for most of the
puppies, it was impossible to distinguish which had previ-
ously been vaccinated, which had responded to infection
(Thompson and others 1988) and which still had detectable
maternal antibodies. Puppies with initial titres of 256 or more
were unlikely to have maternal antibodies of this titre at this
age (Greene 1998a).

The persistence of wild-type virus in the environment
affects not only the degree of exposure of pet dogs, but also
the degree of natural boosting and the likelihood of an unpro-
tected animal becoming infected. The extent of dogs' expo-
sure to the viruses will be determined by the length of time
shed virus particles remain infective and by the dogs' expo-
sure to infected wild hosts.

cPv is ubiquitous in both urban and rural areas of the UK,
and there are cases of the disease every year. The virus is very
stable in the environment and as most common disinfectants
fail to inactivate it (Hoskins 1998), it seems likely that pet dogs
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will occasionally come into contact with cPv shed by clinical
cases. The observations that two of the three unvaccinated
dogs had protective titres to CPV and that there was a signifi-
cant increase in the proportion of protected dogs from 79-2
per cent immediately after primary vaccination to 93 3 per
cent three or more years later provide evidence in support of
this suggestion. Lastly, one asymptomatic individual in a
group of 11 dogs that were sampled twice 14 to 17 months
apart had an increase in its cPv titre from 64 to 2048, sug-
gesting that it may have had contact with cpv.

CDV iS susceptible to ultraviolet light, heat and drying out
but will survive for weeks in near freezing conditions; it is ini-
tially transmitted in respiratory secretions and then excreted
in the urine for up to two to three months (Greene and Appel
1998). All three viruses can infect other canids, for example,
foxes, and CDV can infect mustelids, for example, mink and
ferrets (Greene and Appel 1998). In 1997 to 1998,468 badgers
were surveyed serologically in the south west of England,
because European badgers are known to harbour the virus.
None had antibodies to CDV (Delahay and Frolich 2000). It
is thus likely that CDV is rare in the UK to date. The observa-
tions that there was no significant difference between the pro-
portion of protected dogs immediately after the primary
vaccination (83.5 per cent) and the proportion three or more
years later (79.1 per cent), and that none of the three unvac-
cinated dogs were immune are consistent with this. It is
also clear that there is a large population of naive wild hosts,
that share their habitat with suburban and rural pet dogs,
that might amplify and spread the disease if it were reintro-
duced.

CAV-1 is also inactivated by heat, but it is resistant to many
disinfectants and can survive for months in near freezing con-
ditions (Greene 1998b). Animals recovering from infectious
canine hepatitis can shed the virus in their urine for at least
six to nine months after infection (Greene 1998b), increas-
ing the environmental contamination and possibly the level
of exposure of pet dogs. Foxes are thought to be a significant
reservoir of CAV-1 in the UK (H. Thompson, personal com-
munication). Antibodies to CAV-2 cross-protect against
CAV-1. Little is known about the epidemiology and incidence
of CAV-2 infections. The observation that two of the three
unvaccinated dogs had protective titres to CAV suggests that
natural exposure to either CAV-1 or CAV-2 may have occurred.

In this study, 95 per cent (95 per cent confidence interval
[CI] 90 6 to 98-2 per cent) of the animals surveyed had pro-
tective CPV antibody titres three or more years after their last
vaccination. In contrast, in a survey of Swedish dogs by Olson
and others (1988), less than 40 per cent of all the vaccinated
dogs, and only five of 32 dogs more than 36 months after their
last vaccination, had protective cPv titres. This difference was
probably due to the less immunogenic killed feline parvovirus
antigen commonly used in vaccines at that time. About a
decade later, a survey by the same authors showed that 70 9
per cent of the vaccinated Swedish dogs sampled had protec-
tive cPv titres (Olson and others 1996) and workers in the USA
found that 73 per cent of pet dogs brought to a teaching hos-
pital had protective cPv titres (McCaw and others 1998). At
this time, attenuated canine parvovirus antigen was used in
vaccines but different companies' products still varied
markedly in efficacy (Larson and Schultz 1997). The differ-
ence between the results of McCaw and others (1998)
and those of the present survey were probably due to less
immunogenic vaccines having a higher market share in the
USA at the time. The effect of different vaccine brands could
not be determined for this population because complete vac-
cination histories were available for only 125 dogs and
because a variety of vaccine brands had been used in most of
the dogs. The relative proportions of vaccine brands used
were broadly consistent with the manufacturers' market
shares in the UK (D. Sutton, personal communication).

Of the dogs studied, 71-5 (95 per cent CI 64-1 to 78-9 per
cent) had protective CDV titres. These results are very similar to
those of an Icelandic survey in which 70 per cent of 30 dogs
had protective titres four to nine years after being vaccinated
(Olson and others 1997). In a Swedish study, 70 per cent of 30
pet dogs had protective CDV titres 36 months or more after
being vaccinated (Olson and others 1988). Pyrdie (1966) found
that 40 of a kennel of 46 stud dogs (87 per cent) had protec-
tive titres three or more years after their last vaccination. These
dogs would have been kept in optimal health and on a high
plane of nutrition and may thus have been better able to mount
an immune response than the'average' pet dog. Pyrdie deter-
mined the puppies' antibody titres after their first vaccination
and they were given a booster if they had not responded. Thus
all the puppies were known to have protective CDV antibody
titres after their initial vaccination. In contrast, in the present
survey the results show that it is likely that some of the adult
dogs had never responded to their initial vaccination.

Of the dogs surveyed, 81-9 per cent (95 per cent CI 75-7 to
88-2 per cent) were protected against CAV. These results fall
between those of two previous studies. Fishman and Scarnell
(1976) found that seven laboratory dogs all had protective
titres from seven to 11-5 years after their last CAV-1 vaccina-
tion; it would have been necessary to have sampled at least
19 dogs to be 95 per cent sure of finding at least one unpro-
tected dog, assuming that the true incidence of unprotected
dogs in the population was 15 per cent. Olson and others
(1988) found that 21 of 32 dogs (65.6 per cent) had protec-
tive CAV titres three or more years after being vaccinated; the
variety of antigens used to vaccinate these dogs (ML CAV-1,
killed CAV-1 and ML CAV-2) may be responsible for the lower
result. The extent of natural boosting is unclear in both this
Swedish survey and in the present study.

With all three diseases there was no evidence that the pro-
portion of protected dogs decreased with the time since their
last vaccination. However, the numbers in each age group may
have been too small to detect slight trends.

Dogs that had received one or more booster vaccinations
were not significantly more likely to have protective CPV and
CDV titres than the dogs that received only primary vaccina-
tions. The CAV titres increased significantly after a repeat vac-
cination. The observation that a booster vaccination did not
increase the proportion of dogs protected against cPv agrees
with the results of a study of dogs at a UK teaching hospital
in which the vaccination status of adult dogs did not influ-
ence the presence or titre of CPV antibodies (Tennant and
others 1991). The situation in puppies is very different; repeat
vaccination is vital to ensure that an active protective immu-
nity is stimulated as soon as possible after the maternal anti-
bodies have waned (Greene 1998a).

In the case of CDV, Rikula and others (2000) found that
in Finland the repeated use of highly immunogenic vaccines
did not increase the percentage of protected animals after two
doses had been administered. They found that 231 of 257
dogs (90 per cent) had detectable antibody titres after one
dose of vaccine, 286 of 289 (99 per cent) after two doses and
76 of 78 (97 per cent) after three doses; with less immuno-
genic vaccines, repeated vaccination increased the proportion
of the population with detectable antibodies from 39 per cent
after one dose, to 47 per cent after two doses and to 78 per
cent after four doses. Olson and others (1988) found that both
CAV and CDV titres increased after booster doses of vaccine.

The results of this survey indicate that the chances of an
adult dog in southern England, which had had at least its pri-
mary vaccines, being infected by cPv, CDV or CAV are low,
mainly because the vaccines trigger seroconversion in a large
proportion of animals. The benefit of vaccination in pre-
venting disease outbreaks and the death of individual pets has
been clearly demonstrated (Patronek and others 1995) and
primary vaccination remains essential.
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There was no significant increase in the proportion ofpro-
tected dogs after booster vaccinations for cpv and CDV, but
booster vaccination did increase CAV titres. The proportion of
puppies that did not seroconvert within 10 to 21 days in
response to CAV vaccination was unexpectedly high, possibly
because the vaccine strain is overattenuated or because CAV-2
is not as immunogenic as initially thought. Alternatively, if the
serological response in a significant proportion of individ-
ual dogs took more than three weeks to peak, the survey may
not be a true reflection of vaccine efficacy. The fact that three
unvaccinated dogs had protective cPv and CAV titres indicates
that some dogs can acquire a natural immunity to cPv and
CAV uneventfully, and the fact that the cpv titres had increased
significantly three to 15 years after the dogs' primary vacci-
nation, demonstrates that this is not an unusual event in the
case of cpv. Young dogs are more susceptible, particularly to
parvoviral enteritis and show more severe signs (Thompson
and others 1985, Hoskins 1998), and the administration of a
booster six to 12 months after the primary course to young
dogs should therefore be considered to ensure that immunity
is acquired in a controlled manner, minimising the risk of
clinical disease.

It was not possible to determine an interval after vaccina-
tion after which the dogs' immunity seemed to wane signifi-
cantly. It is possible that a much larger survey would be able
to determine such an interval. After the booster at 15 months,
owners and vets could choose to continue vaccinating their
pets against CDV, CPV and CAV biannually, and until quanti-
tative bench top assays for antibodies against these diseases
become available, this is likely to be the cheaper approach. It
is unlikely to harm many dogs but will benefit few. The alter-
native would be to identify the dogs that may benefit from
vaccination by determining their antibody titres at regular
intervals after they reach two years of age, vaccinating only
those dogs with borderline or low titres. This would be a more
specific, but also a more labour-intensive approach. Regular
health checks with annual leptospirosis boosters in endemic
areas remain an essential part of preventive health care.
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Indirect transmission of bovine viral
diarrhoea virus at calving and during the
postparturient period

A. LINDBERG, M. STOKSTAD, T. L0KEN, S. ALENIUS, R. NISKANEN

Two trials were designed to investigate whether bovine viral diarrhoea virus (BVDV) could be transmitted
after the birth of persistently infected calves, even if they were removed immediately after birth. In trial 1, 11
calves were actively exposed to fetal fluids and uterine lochia collected from cows that had delivered calves
persistently infected with type 1 BVDV. One calf that was exposed to a sample taken on the day of calving
seroconverted. In trial 2, six calves were housed in stables where persistently infected calves were being
born and then removed immediately from their dams and from the stable unit within two to three hours.
One of four calves in close contact with the cows after delivery seroconverted and one of two calves housed
within the same stable unit became infected.
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BOVINE viral diarrhoea virus (BVDV) infections are endemic
in cattle worldwide (Liess 1990). The virus causes substan-
tial economic losses to the cattle industry through its impact
on reproduction and health (Houe 1995). Systematic efforts
to eradicate BVDV without vaccination have been imple-
mented, starting in Sweden and Norway in 1993, and in
Finland and Denmark in 1994 (L0ken and Krogsrud 1992,
Husu and Kulkas 1993, Olsson and others 1993, Bitsch and
others 1994). These schemes are now in their final phase.
Similar schemes have been launched in other European coun-
tries (Synge and others 1999, Rossmanith and others 2001).

Experiences from these schemes have confirmed reports
that transiently infected animals are inefficient in transmit-
ting the virus, which spreads within herds almost exclusively
during periods when persistently infected animals are present
(Houe 1992, Lang-Ree and others 1994, Lindberg and Alenius
1999, Niskanen and others 2000,2002). When the persistently
infected animals are removed, the circulation of the virus
essentially stops, but it may still be present in the herd if one
or more animals have become infected in early pregnancy,
resulting in persistently infected fetuses, and it will start to
spread again as soon as one of them is born.

The virus has been shown to be present in the amniotic
and/or allantoic fluid of sheep and cattle (Casaro and others
1971, Hewicker-Trautwein and others 1994, Lindberg and
others 2002). Thus, at the birth of a persistently infected calf
there is a potential for the virus to spread within the herd,
even if the calf is stillborn, dies or is removed soon after birth.
If a susceptible dam becomes infected by such fluids in early
pregnancy and develops a persistently infected fetus, the
infection will start to circulate again as soon as the cow calves.
This route of transmission could, at least in part, explain how

seroconversions have continued to occur during periods of 10
months or more in the absence of identified persistently
infected animals (Barber and others 1985, Moerman and
others 1994, Edwards 1997).

There have been few reports of the investigation of indi-
rect routes for the transmission of BVDV. Lang-Ree and oth-
ers (1994) showed that the virus could be transmitted by
using rectal gloves on a persistently infected animal and later
on susceptible animals. Flies, hypodermic needles, nose tongs,
injectables, permanent straw bedding and ambient air have
also been investigated as potential vehicles for spreading BVDV
from persistently infected animals to susceptible animals
(Tarry and others 1991, Gunn 1993, Mars and others 1999,
Niskanen and Lindberg 2003). It is not known whether, or for
how long, BVDV may retain its infectivity in fetal fluids and
uterine lochia expelled during and after the birth of a persis-
tently infected calf.

The aim of this study was to investigate the potential infec-
tivity associated with the birth of calves persistently infected
with BVDV type 1 if they are removed soon after birth to avoid
further virus transmission and if there are no other persis-
tently infected animals present. These circumstances would
be typical of a herd that is being cleared of BVDV infection,
after the removal of any initially identified persistently
infected animals (Lindberg and Alenius 1999). The study
involved first, exposing susceptible calves to fetal fluids and/or
uterine lochias from cows that had given birth to persistently
infected calves; secondly, exposing them to such cows and
their calving pens after their calves had been removed; and
thirdly, housing susceptible calves in premises where persis-
tently infected calves were born and remained for a short time
before they were removed.
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