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Abstract

Feline calicivirus (FCV) is a highly infectious respiratory pathogen of domestic cats. The prevalence of FCV in the general
cat population is high, particularly in multi-cat households, largely because many clinically recovered cats remain persistently
infected carriers. In order to assess how FCV circulates in such groups and to assess the contribution that each individual animal
makes to the epidemiology of the disease, we have carried out the first detailed analysis of long-term shedding patterns of FCV in
individual cats within naturally infected colonies. The prevalence of FCV in each of the groups on individual sampling occasions
ranged from 0% to 91%, with averages for the individual colonies ranging from 6% to 75%. Within each of the colonies, one to
three distinct strains of FCV were identified. Individual cats showed a spectrum of FCV shedding patterns over the sampling
period which broadly grouped into three categories: those that shed virus relatively consistently, those that shed virus
intermittently, and those that appeared never to shed virus. This is the first report identifying non-shedder cats that appear
resistant to FCV infection over long periods of time, despite being continually exposed to virus. Such resistance appeared to be
age related, which may have been immune-mediated, although by analogy with other caliciviruses, factors such as host genetic
resistance may play a role. Given that a proportion of the population appears to be resistant to infection, clearly the cohort of cats
that consistently shed virus are likely to provide an important mechanism whereby infection can be maintained in small
populations.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

* Corresponding author. Tel.: +44 151 795 6033; Feline calicivirus (FCV) is a ubiquitous respiratory
fax: +44 151 794 6005. and oral pathogen of domestic cats (Gaskell et al.,
E-mail address: kpcoyne@liv.ac.uk (K.P. Coyne). 2004a). Other clinical signs reported include lameness
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(Bennett et al., 1989; Dawson et al., 1994; Pedersen
et al.,, 1983), a recently reported virulent systemic
disease (Coyne et al., 2006a; Hurley et al., 2004;
Pedersen et al., 2000; Schorr-Evans et al., 2003) and a
possible association with chronic stomatitis (Knowles
et al., 1989; Thompson et al., 1984). Vaccines against
FCV are widely used in the domestic cat population,
and although reasonably effective in conferring
clinical protection, they do not prevent infection
(Dawson et al., 1991; Gaskell et al., 1982, 2004b;
Pedersen and Hawkins, 1995).

Of critical importance in the epidemiology of FCV
is the development of an asymptomatic carrier state
following recovery from acute disease characterised
by more-or-less continuous virus shedding from the
oropharynx (Povey et al., 1973; Wardley, 1976). The
duration of this carrier state is variable, ranging in
individual animals from months to years (Gaskell
et al.,, 1982; Povey et al., 1973; Wardley, 1976;
Wardley and Povey, 1977a). Povey et al. (1973)
arbitrarily defined the FCV carrier state as an animal
excreting virus for a minimum of 30 days post
infection. Some experimental studies have shown that
most cats are shedding virus at 30 days post infection,
but by 75 days only about 50% of these are still
persistently infected (Gaskell et al., 1982; Wardley
and Povey, 1977a). The decline in the proportion of
cats shedding virus appears to be exponential, with
only a minority of animals becoming long-term
carriers. In other experimental studies however, the
carrier state has been less easily established, suggest-
ing various host or virus factors may also play a role
(Knowles et al., 1991; Pedersen and Hawkins, 1995).

FCV carriers have been shown to shed a fairly
constant amount of virus which fluctuates around a
mean for an individual cat. Such carriers have been
defined as high, medium or low-level shedders,
according to the mean titre of virus recovered from
the oropharynx (Wardley, 1976). High-level carriers
are easily detectable and are thought to be of
considerable risk to susceptible cats. In contrast,
low-level carriers may be more difficult to detect and a
series of swabs may be required to detect shedding
over the minimum 30-day period defined for FCV
carriers (Povey et al., 1973).

Previous studies on the epidemiology of FCV in the
general healthy cat population have been largely
cross-sectional. Such studies have demonstrated that

overall FCV prevalence ranges from approximately
15% to 31%, depending on the population of cats
sampled, with higher prevalences generally being
associated with larger groups of cats (Bannasch and
Foley, 2005; Binns et al., 2000; Coutts et al., 1994;
Harbour et al., 1991; Helps et al., 2005; Knowles et al.,
1989; Pedersen et al., 2004; Radford et al., 2001b).
Such figures are broadly similar to those found in
prevalence studies carried out in healthy cats prior to
the introduction of vaccination (Wardley et al., 1974),
and support the finding that vaccination does not
prevent infection or the development of the carrier
state (Dawson et al., 1991; Gaskell et al., 1982, 2004b;
Pedersen and Hawkins, 1995). In general, most of the
infected animals in such studies are thought to be
persistently infected carriers, although it has been
recognised that some may be cats undergoing re-
infection, or subclinical infection with an avirulent
strain (Wardley et al., 1974).

Clearly FCV carrier cats provide an important source
of infection for susceptible animals, particularly in large
groups of cats such as in breeding, pet and rescue
colonies. However, how FCV circulates in such groups
of cats, and the contribution that each individual animal
makes in terms of virus carriage to the epidemiology of
the disease is not clear. In order to address this, an in-
depth longitudinal study of FCV prevalence and viral
shedding patterns in five naturally infected cat colonies
over a 15-46-month period was carried out. Demo-
graphic characteristics and other individual cat and
colony factors were also obtained in order to determine
possible risk factors for FCV carriage.

2. Materials and methods
2.1. Study sample

FCV isolates were obtained from five geographi-
cally distinct, naturally infected colonies of domestic
cats. All cats within each of the colonies were annually
vaccinated against FCV, using either a commercial
live-attenuated vaccine or a commercial killed
vaccine. Each of the five colonies was privately
owned and had been in existence for approximately 5—
15 years. The characteristics of each of the five
colonies are summarised in Table 1. Additional details
are provided elsewhere (Coyne, 2005).
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Table 1
Summary of management characteristics of the five colonies studied
Colony ID Characteristics Breed type Classification® Number of cats
(minimum-maximum)
A Breeding Devon Rex Semi-open 21-30
Showing DSH
Pet
B Breeding Oriental Semi-open 11-13
Showing Siamese
C Breeding BSH® Semi-closed 6-19
Showing
D Pet DSH Open 29-34
DLH?
E Breeding BSH Semi-open 18-39
Showing DSH
Pet

# The classification of each colony is based on cat movement and colony management procedures. Open: all cats having external access and
unrestricted contact with all other cats within the colony; semi-open: some cats having external access and contact with some other cats within
the colony; semi-closed: all cats within the colony having no external access and limited contact with some of the other cats within the colony.

® DSH: domestic short haired.
¢ BSH: British short haired.
4 DLH: domestic long haired.

2.2. Sampling procedure and virus isolation

A questionnaire relating to each sampled cat,
including demographic characteristics, medical history
and vaccination status as well as colony management
procedures were recorded at the first visit. The presence
or absence of clinical signs was also noted.

Oropharyngeal swabs were taken into 2 ml of virus
transport medium and virus isolation carried out for
FCV and feline herpesvirus-1 (FeHV-1) as described
previously (Binns et al., 2000; Coutts et al., 1994;
Knowles et al., 1990). Individual compliant cats from
each colony were sequentially sampled over a 15-46-
month period (Table 2). The prevalence of FCV in each
colony was determined for each sampling visit as the
number of positive cats divided by the number of cats
sampled on that specific occasion. Serological studies
could not be carried out in this study since serum
samples were not available from these private colonies
due to UK Home Office licensing regulations.

2.3. Viral titrations
Viral titres for each positive sample were deter-

mined as described previously and expressed as log;g
50% tissue culture infective doses (TCIDs) per 0.1 ml

of sample (Knowles et al., 1990). In order to assess the
error rate associated with titrations 25% of the samples
were subjected to repeat analysis. Of these, 98% were
repeatable within 0.3 (log,( TCIDs) of the original
titre (data not presented).

2.4. Sequencing of viral strains

In order to identify the number of distinct strains of
FCV circulating in each of the colonies, molecular
analysis of FCV isolates obtained from individual cats
was performed, essentially according to previously
published protocols (Coyne et al., 2006b). Briefly, a
529-nucleotide region of the FCV capsid gene,
spanning variable region C and hypervariable region
E (Neill, 1992; Seal et al., 1993) were amplified using
a single stage PCR, using either previously published
primers (PercP1 and PercP2; Coyne et al., 2006b) or a
primer set consisting of forward primer ArmsP1 (5'-
CCCTTCGTCTTTCAGGCCAACCG-3') and reverse
primer ArmsP2 (5-CCTCGCCAATCCCAGTG-
TAGCC-3’); all other conditions remained the same
as previously described (Coyne et al., 2006b). All
amplicons were purified (QIAquick PCR purification
kit; QIAGEN Ltd.) and sequenced bi-directionally
using corresponding PCR primers according to
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Table 2
Summary of FCV prevalence observed in each of the five colonies
Colony ID
A B C D E
Time (months) FCV Time FCV Time FCV Time FCV Time FCV

prevalence (months) prevalence (months) prevalence (months) prevalence (months) prevalence
0 11/16 (69%) 0 4/6 (67%) 0 0/5 (0%) 0 10/20 (50%) 0 2/18 (11%)
4 5/15 (33%) 1? 4/5 (80%) 3 1/4 25%) 1 15/23 (65%) 3 1/14 (7%)
19 4/20 (20%) 4 6/11 (55%) 6 2/5 (40%) 6 12/28 (43%) 5 0/11 (0%)
23 11/21 (52%) 9 9/11 (82%) 10 0/10 (0%) 14 12/21 (57%) 5 0/21 (0%)
28 4/17 (24%) 15 10/11 (91%) 13 1/19 (5%) 20 17/27 (63%) 8 1/24 (4%)
30° 6/10 (60%) 17 0/7 (0%) 25 13/25 (52%) 12 0/18 (0%)
30 3/9 (33%) 24 0/12 (0%) 33 13/27 (48%) 15 2/25 (8%)
31 12/27 (44%) 39 3/21 (14%) 21 3/29 (10%)
37 9/22 (41%) 46 3/25 (12%)
Overall FCV prevalence 65/157 (41%) 33/44 (75%) 4/62 (6%) 98/217 (45%) 9/160 (6%)

FCV prevalence was calculated as the number of cats positive for FCV/the number of cats sampled on that specific occasion (%).
# FeHV-1 also isolated at this time point at a prevalence of 1/5 (20%).
® FeHV-1 also isolated at this time point at a prevalence of 5/10 (50%).

standard protocols (ABI Prism BigDye terminators
Version 3.0 cycle sequencing kits; Applied Biosys-
tems). Consensus sequences were assembled (Chro-
masPro v 1.32; Technelysium Pty) and analysed using
programmes available in the GCG package (Deveraux
et al., 1984). All sequences generated in this study
have been submitted to Genbank with accession nos.:
DQ397674-DQ397814.

2.5. Statistical analysis

Risk factors for FCV carriage were carried out on
individual cats from endemically infected colonies
who had a minimum of two swabs taken at least 30
days apart (Povey et al., 1973) and the colony to which
they belonged was consistently infected with FCV (i.e.
had at least one positive cat present on each sampling
occasion).

Statistical analyses were carried out using Minitab
for Windows 14 (Minitab Inc., USA). Comparisons
between viral titres were analysed using the Mann—
Whitney test. Univariate associations were examined
using binary logistic regression for 2 x 2 tables and
x*-test for 3 x 2 tables. The critical probability was
taken as p < 0.05 for a two-sided alternative hypoth-
esis. Individual cat predictor variables screened for
association with FCV carriage included the age of the
cat categorised into two groups, i.e. 3 years and under

and over 3 years; gender; breed; vaccination status and
history of upper respiratory tract disease (URTD).
Colony predictor variables included colony identifica-
tion (e.g. A, B, C, D, or E) and classification (semi-
open, semi-closed or open).

3. Results
3.1. Characteristics of study sample

The age and sex distributions within each of the
colonies are shown in Figs. 1 and 2. Considerable
variation was seen between the colonies, depending on
the nature of the colony and its purpose, e.g. whether it
contained actively breeding animals or purely pet cats.

3.2. Feline calicivirus prevalence

The prevalence of FCV infection over the sampling
period in each of the colonies ranged from 20% to 69%
for colony A, 55% to 91% for colony B, 0% to 40% for
colony C, 12% to 65% for colony D, and 0% to 11%
for colony E (Table 2). Although colonies A, B, and D
had a markedly higher overall prevalence (41%, 75%,
and 45%, respectively) than C and E (both 6%), there
appeared to be no association for overall prevalence
with classification of colony type.
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Colony A

co8888838

o388588838

Colony B

Colony E

Fig. 1. Histograms showing age distribution as a percentage of cats within each colony sampled. The number above each column represents the

number of cats in each age category.

3.3. Clinical signs

The majority of cats that were shedding FCV
during this study were clinically healthy, except for a
number of cats in colonies B and D. In colony B signs
included chronic oculonasal discharge, sneezing and
coughing, and in colony D, varying degrees of chronic
gingivitis were observed.

On one occasion, in each of colonies A and B,
feline herpesvirus-1 (FeHV-1) was also isolated from a
small number of cats (5/10 colony A; 1/5 colony B)
(Tables 2 and 3). Acute clinical signs of URTD were
observed in colony A on this occasion.

3.4. Feline calicivirus shedding patterns

Individual cats within the five cat colonies
appeared to show a spectrum of FCV shedding
patterns that broadly grouped into three categories
(Table 3a—e). At one end of the spectrum, cats were
identified where the majority of the swabs (>75%)
were positive for FCV over the whole sampling period
(““consistent shedders’’). In contrast at the other end of
the spectrum, some cats appeared to be consistently
negative (‘“‘non-shedders”). In between, other cats
were identified with a more intermittent shedding
pattern, where the number of positive swabs ranged
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Fig. 2. Histograms showing gender distribution of cats as a percentage of cats within each colony sampled. The number above each column

represents the number of cats in each gender category.

from 12% to 73% over the sampling period (“‘inter-
mittent shedders”). These criteria are descriptive
rather than absolute, as a number of factors will
influence shedding patterns, including the precise
sampling procedure.

3.5. Viral strains

One hundred and forty-seven of 195 (75%) FCV
isolates collected during the course of this study were
sequenced successfully (Table 3a—e); in-depth
sequence analysis of these isolates is presented
elsewhere (Coyne, 2005). Each colony appeared to
be infected with between one and three distinct strains,
on the basis of previous reports where distinct strains
of FCV appear to be separated by uncorrected
nucleotide distances of >20% in hypervariable region

E of the FCV capsid gene (Radford et al., 1997, 2000,
2003); a range of variability was also seen within a
strain (Coyne, 2005). Thus colony A contained two
strains, Al and A2; colony B three strains, B1, B2 and
B3; colony C one strain, C1; colony D two strains, D1
and D2; colony E two strains, E1 and E2. The
shedding patterns of each of these strains by individual
cats are shown in Table 3a—e. Interestingly, in colony
E, one cat appeared to be infected with a virus similar
to that present in the live-attenuated vaccine used in
the colony (cat 2, colony E, strain E1). Not all isolates
were sequenced successfully, and it is possible that
other strains were present in some cats/colonies which
may not have been detected by the primers used. Such
PCR failure has been reported in other studies with
FCV as well as for other caliciviruses (Green et al.,
1995; Radford et al., 2001b).
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Of the cats that were classified as consistent
shedders, 59% (13/22) appeared to be infected with
only one strain of virus during the course of the study
(e.g. Table 3d, cat 2), whilst 23% (5/22) shed two
different strains (e.g. Table 3d, cat 3). A similar pattern
was also observed with the group of cats that were
classified as intermittent shedders; 65% (30/46) shed

Table 3

the same strain of FCV during the study period (e.g.
Table 3d, cat 10) and 15% (7/46) shed more than one
strain (e.g. Table 3d, cat 13). Thus both groups
(consistent and intermittent shedders) appear to
contain a mixture of animals, with some consistently
shedding the same virus strain, and others undergoing
re-infection with a different strain. Co-infection of

(a—e) FCV viral shedding and strain patterns of individual cats within each of the five colonies
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Table 3 (Continued)
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In each colony cats are broadly divided into three groups, consistent shedders (C) positive on >75% occasions; intermittent shedders (I) positive
on <75% occasions; non-shedders (N) never positive for FCV. For all colonies coloured squares represent FCV isolated, viral strain identified
and viral titre (expressed as log;o TCIDsq per 0.1 ml sample); empty square ([]) represents no FCV isolated; grey square (/) represents FCV

isolated but no strain information available; grey square (/) represents mixed FCV infection with two distinct viral strains; ns indicates that cat
was not sampled; "~ Indicates cat was not part of the colony at the time of sampling; na represents cat was FCV positive but viral titre was not

available; “FeHV-1 isolated. For individual colonies: (3a) Colony A, black square (M) is strain A1 and orange square (H) is strain A2; (3b) Colony
B, brown square (M) is strain B1, green square (M) is strain B2, and blue square (1) is strain B3; (3¢c) Colony C, purple square (M) is strain C1;
(3d) Colony D, red square (M) is strain D1, and blue square (Hl) is strain D2, recombinant virus is cat 24; (3e) Colony E, pink square () is strain
El and yellow square ( ) is strain E2.
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more than one distinct FCV strain was detected in two
individual cats (cat 5, colony B; cat 1, colony D). A
recombinant strain was also detected in colony D
(Table 3a, cat 24) and has been reported elsewhere
(Coyne et al., 2006b).

3.6. Viral titres

Viral titres in individual cats on each sampling
occasion ranged from 0.3 to 3.3, for colony A; 0.3-2.7
for colony B; 0.3—1.0 for colony C; 0.3—4.0 for colony
D; and 1.3-3.5, for colony E (Table 3a—e) (titres
expressed as log;y TCIDsy per 0.1 ml of sample).
Interestingly, cats which were involved in an acute
outbreak of disease at 30 months (colony A) shed
higher levels of virus (2.0-3.3) at that time.

In some cats, individual titres were relatively
consistent throughout the sampling period (e.g. cat 3
colony A, cat 4 colony B, and cat 7 colony D), whereas
in others titres tended to fluctuate (e.g. cat 4 colony A,
and cats 14 and 15 colony D). Four cats (1-4; colony
D) which had relatively high titres initially, tended to
show a decline in viral titre prior to cessation of virus
shedding at 39 months (Table 3d, Fig. 3).

The overall mean titres for the sampling period for
each cat ranged from 0.3 to 2.2, for colony A; 0.3—-1.8
for colony B; 0.3—1.0 for colony C; 1.2-3.3, for colony
D; and 2.4-2.7 for colony E (Fig. 4). Cats in colonies
D and E shed significantly more virus than those in
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Fig. 4. Comparison of mean viral titres of FCV shed by individual
cats within each colony. Solid circle (@) represents consistent
shedders (>75% samples positive over the whole sampling period);
open circle (O) represents intermittent shedding (<75% samples
positive over the whole sampling period); grey circle (&) represents
non-shedders (never positive for FCV over the whole sampling
period).

colonies A, B and C (p < 0.01), and cats in colony E
shed significantly more virus than those in colony D
(p < 0.01) (Fig. 4).

Previous studies have classified individual cats into
high, medium and low-level shedders depending on
the mean monthly amounts of virus shed from the
oropharynx (Wardley, 1976). In this study only two
cats (4 and 24) in colony D shed mean amounts of
virus equivalent to Wardley’s high-level shedders
(>3.0), whereas the remaining cats were equivalent to
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Fig. 3. Plot of viral titres for four cats in colony D, showing a decline in the amount of FCV shed prior to cessation of viral shedding.
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medium (1.2-2.9) or low-level shedders (<1.2). It
should be noted that Wardley’s figures appeared to be
higher as they included a correction factor of log 1.3 to
account for dilution of the saliva sample in the virus
transport media.

Wardley (1976) also suggested that cats shedding
virus intermittently tended to shed lower levels of
virus. However, in our study, the intermittent shedders
did not shed significantly less virus than consistent
shedders (p > 0.05), either overall, or within a colony
(Fig. 4).

3.7. Risk factors for FCV carriage

Seventy-nine cats fulfilled the criteria for analysis
of risk factors associated with FCV carriage. These
cats belonged to colonies A, B and D; colonies C and E
were excluded from the analysis, as FCV was not
consistently isolated from them. Of these 79 cats, 21
(27%) were classified as consistent shedders, 40 (51%)
cats were classified as intermittent shedders, and 18
(22%) were classified as non-shedders. Age was found
to be significantly associated with FCV carriage, with
cats older than 3 years less likely to be shedding virus
than those that were 3 years and under (p =0.03;
OR =0.29). In addition, colony ID was found to be
significantly associated with consistent FCV shedding
(i.e. shedding virus on >75% occasions over the
sampling period), with cats from colony B being more
likely to be consistent shedders than those cats in
colonies A and D (p =0.016; OR = 6.25). There was
no relationship between vaccination status (past or
current) and FCV carriage (p =0.35; OR =0.36,
p =0.12; OR 2.27, respectively).

4. Discussion

Previous studies on the prevalence of FCV in the
general cat population have essentially been cross-
sectional in nature. Prevalence has ranged from 8% to
47%, largely depending on the population of cats
sampled, with higher levels found in larger groups of
animals (Binns et al., 2000; Coutts et al., 1994,
Harbour et al., 1991; Helps et al., 2005; Wardley et al.,
1974). In order to increase our understanding of how
FCV circulates in large groups of cats and the
contribution that individual cats make in terms of viral

carriage to the epidemiology of the disease, we have
carried out an in-depth analysis on FCV prevalence
and viral shedding patterns over time, in five different
cat colonies over a 15-46-month period.

The prevalence of FCV in this study varied
considerably, both over time, and between and within
colonies. Thus in some colonies, prevalence was
very low over the whole sampling period (e.g. colony
E, 0-11%) whereas in others, prevalence was much
higher (e.g. colony B, 55-91%): such differences did
not appear to be related to the colony classification,
which included cat movement and colony manage-
ment procedures, although a recently published study
reported that less than excellent hygiene within cat
colonies increased the prevalence of FCV (Helps et al.,
2005). Virus was also present in each of the colonies
despite active vaccination. Such variation in pre-
valence may be influenced by a number of host,
population, management and viral factors, including,
for example, the level of pre-existing immunity within
the cats. It is also possible that colony prevalence was
influenced by factors such as the sampling regimen,
and the sensitivity of the cell culture detection system,
which could have led to under estimation of the true
prevalence.

Individual cats within the five colonies appeared to
show a spectrum of FCV shedding patterns over the
sampling period. These broadly grouped into three
categories: those that shed FCV relatively consistently
over long periods of time (consistent shedders), those
that shed virus intermittently (intermittent shedders),
and those that appeared not to shed virus throughout
the study period (non-shedders). These distinctions are
descriptive rather than absolute as a number of factors
including sampling protocol may influence the results
for an individual cat. Whether or not the cat that
appears negative either on some or all occasions are
truly negative, or whether it is a sampling artefact, is
not clear. Nevertheless it does seem likely that animals
vary in their sensitivity to FCV infection despite being
in the same colony with similar exposure factors. This
is clearly demonstrated by three adult cats in colony D
that were siblings (cats 2 and 4, both consistent
shedders, and cat 27, an intermittent shedder).
Interestingly, similar spectrums of viral shedding
patterns have been reported previously for feline
coronavirus infections in cats (Addie and Jarrett,
2001; Foley et al., 1997).
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It is likely that the consistent shedders, in particular,
will play an important role in the epidemiology of FCV,
acting as a reservoir of infection within the colony and a
mechanism for maintaining infection in small popula-
tions. Identifying such cats would be crucial to
eliminating virus from infected colonies. Why some
animals appear to shed virus more consistently than
others is not clear. There are a number of possible
reasons, apart from the sampling procedure, that may
account for this. For example, Wardley (1976)
suggested that intermittent shedders may shed lower
levels of virus, which sometimes fall below the
sensitivity of the cell culture test, rather than truly
fluctuating between a positive and negative state.
However, in our study there was no significant
difference in mean viral titres between the consistent
and intermittent shedder groups. In addition, viral
shedding patterns did not appear to be influenced by
whether individual cats were infected with the same
strain of virus over time, or were undergoing re-
infection with a different strain.

Previous studies have shown that only a limited
number of strains tend to predominate within such
endemically infected colonies, in contrast to rescue
shelters where many strains are present (Coyne, 2005;
Radford et al., 2001b, 2003). This present study
confirmed such findings in that each colony appeared
to be infected with between one and three distinct
strains of virus. It is possible that other strains were
also present in some colonies, as not all isolates were
amplifiable on PCR, possibly because of sequence
variability particularly in the hypervariable region E of
the FCV capsid region of the genome used for PCR
(Neill, 1992; Radford et al., 2001b; Seal et al., 1993).
Interestingly, one of the strains identified in colony E
appeared to be the vaccine strain F9. This colony was
known to use live F9-based vaccine, resulting in the
possibility that F9 virus may have become established
in the colony from the vaccine. Virus closely related to
vaccine strain F9 has also been reported in other
groups of cats (Horimoto et al., 2001; Radford et al.,
2001a).

The sites and mechanism of persistence of FCV
infection are unclear. FCV may be detected in
epithelial cells in oropharyngeal and other tissues in
persistently infected cats (Dick et al., 1989; Wardley
and Povey, 1977b). In has been suggested that such
sites of viral persistence may partially be protected

from immune surveillance allowing a low level of
virus replication to occur (Povey et al., 1973). As a
consequence the emergence of distinct viral popula-
tions may occur, contributing to viral persistence.
Previous studies have shown that alterations in the
antigenic profile of FCVs isolated from carrier cats are
highly suggestive of positive selection that is likely to
be immune driven, and which may ultimately lead to
the elimination of virus (Kreutz et al., 1998; Radford
et al., 1998, 2003). In this context, we observed a
decline in viral titre shed by four cats in colony D prior
to the apparent elimination of virus, as has been seen
in similar circumstances in foot and mouth disease
virus (Hughes et al., 2002).

The majority of cats in this study shed medium or
low levels of virus as defined by Wardley (1976). Only
two cats could be classified as high-level shedders and
as such would be likely to be of greater epidemio-
logical importance. However, within endemically
infected colonies, where there is generally close
contact between cats, it is likely that all carriers have
the potential to transmit infection. There was also
evidence to suggest that the overall titre of virus shed
in certain colonies was higher than others. For
example, cats in colonies D and E shed significantly
more virus than cats in A and C. This suggests that
differences between the colonies such as host, viral or
environmental factors may affect the amounts of virus
shed and hence transmissibility.

This study also identified for the first time a “‘non-
shedder” group of cats, i.e. those that appear resistant
to FCV infection over long periods of time, despite
being continually exposed to virus. In this context, it is
interesting that the two mostly negative colonies are
British Shorthairs (colonies C and E) whilst the
colonies with relatively high prevalence are either
domestic shorthairs or of oriental type (colonies A, B,
and D). Such resistance to infection may be as a result
of genetic or acquired immunity. For human calici-
viruses (noroviruses), resistance/susceptibility of an
individual to infection with a given strain is associated
with variability in the expression of surface carbohy-
drates belonging to the ABH histo-blood group
antigens, which are used by the virus for cell
attachment (Harrington et al., 2004; Hutson et al.,
2003; Lindesmith et al., 2003). Recently the junctional
adhesion molecule 1 (JAM-1) has been suggested to be
a receptor for FCV (Makino et al., 2006) and it would
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be interesting to investigate JAM-1 polymorphisms in
susceptible and resistant cats.

There is also evidence from our study that there may
be an immune-mediated mechanism for the acquisition
of resistance to infection in that older cats (more than 3
years) were significantly less likely to be shedding FCV
than younger cats (less than 3 years). However,
immunity following experimental FCV infection is
not normally sterile (Dawson et al., 1991; Gaskell et al.,
1982; Knowles et al.,, 1991). This study therefore
suggests that other factors, such as repeated challenge
or genetic differences (as above) may also play arole in
generating resistance to infection. It is possible that
serological studies might have clarified the immune
status of the cats and whether there were differences
between the shedding and non-shedding groups.
However, since all of the cats in this study were
regularly vaccinated, interpretation of antibody titres
would have been problematic, since it would have been
difficult to distinguish between neutralising antibodies
present due to vaccination and those due to field
infection. Based on risk factors for FCV carriage, there
was no relationship between vaccination status (past or
present vaccine) and FCV shedding.

Although most of the cats in this study were
clinically normal there was some evidence of both acute
and chronic disease in some of the colonies. Chronic
disease was apparent in two of the colonies (B and D). In
colony B clinical signs included chronic oculonasal
discharges, sneezing and coughing. FeHV-1 was also
detected in this colony on one occasion from one cat and
is associated with acute and chronic URTD (Gaskell
etal.,2004a). In colony D there was evidence of chronic
stomatitis in some of the cats. This clinical syndrome
has previously been associated with FCV infection
(Knowles et al., 1991; Thompson et al., 1984).
However, the significance of this association remains
unclear. Although FCV has been shown to be associated
with acute faucitis (Reubel et al., 1992) attempts to
recreate this chronic syndrome experimentally have
been unsuccessful (Dawson et al., 1991; Knowles et al.,
1991; Poulet et al., 2000). Additional host factors, such
as concurrent feline immunodeficiency virus (FIV)
infection may also play a role in the aetiology of this
disease (Dawson et al., 1991; Knowles et al., 1989).
However, the FIV status of the majority of cats in colony
D was recorded as negative at the beginning of the study
(data not presented).

Acute disease was also seen in one of the colonies
(A), coinciding with a relatively high prevalence of
FCV in the colony and generally higher viral titres.
However, in addition to FCV, FeHV-1 was also
isolated and it was not clear which of the two viruses
accounted for the acute clinical signs. FeHV-1 is
generally associated with more severe disease than
FCV and in this outbreak the clinical signs were more
compatible with FeHV-1 (Gaskell et al., 2004a).

In summary, this work describes the first detailed
analysis of long-term shedding patterns of individual
cats in naturally infected populations. The study
shows that FCV can remain at a relatively high
prevalence in colonies of cats over long periods of
time, despite widespread use of vaccination. The
observed high prevalence is maintained by large
numbers of generally asymptomatically infected cats
in colonies where a small number of distinct FCV
strains are circulating. A spectrum of FCV shedding
patterns were identified with cats broadly grouping
into three categories; consistent shedders, intermittent
shedders and non-shedders. The basis of the apparent
resistance of the non-shedders remains to be
determined, but may either be immune-mediated, or
possibly host receptor driven.
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