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Abstract

Objectives Vaccination against feline herpesvirus-1 (FHV-1) is recommended for all cats. However, it is unknown
how adult healthy cats with different pre-vaccination antibodies respond to FHV-1 vaccination in the field. The aim
of the study was to determine the prevalence of neutralising antibodies against FHV-1 in healthy adult cats and the
response to FHV-1 vaccination within 28 days of vaccination.

Methods One hundred and ten cats (=1 year of age) that had not received a vaccination within the past 12 months
were vaccinated with a combined FHV-1 vaccine. Antibodies against FHV-1 were determined before vaccination
(day 0), on day 7 and day 28 by serum neutralisation test. Uni- and multivariate statistical analyses were used to
determine factors associated with the presence of pre-vaccination antibodies and response to vaccination.
Results Pre-vaccination neutralising antibody titres (=10) were present in 40.9% of cats (45/110; 95% confidence
interval [Cl] 32.2-50.3); titres were generally low (range 10-640). Antibody response to vaccination (=four-fold
titre increase) was observed in 8.3% (9/109; 95% Cl 4.2-15.1). Cats =2 years of age were more likely to have pre-
vaccination neutralising antibodies than cats aged between 1 and 2 years (odds ratio [OR] 24.619; P = 0.005).
Cats from breeders were more likely to have pre-vaccination neutralising antibodies than privately owned cats (OR
7.070; P = 0.007). Domestic shorthair cats were more likely to have an at least four-fold titre increase vs purebred
cats (OR 11.22; P = 0.027).

Conclusions and relevance Many cats have no detectable neutralising antibodies against FHV-1 despite previous
vaccinations and fail to develop a =four-fold titre increase after vaccination. This is likely because older cats and
cats with a higher FHV-1 exposure risk are more likely to get infected with FHV-1 and thus to have FHV-1 neutralizing
antibodies. Purebred cats more often fail to develop a =four-fold titre increase after vaccination.
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Introduction

Feline herpesvirus-1 (FHV-1) is an enveloped virus with
linear, double-stranded DNA. It is assigned to the family
Herpesviridae, subfamily Alphaherpesvirinae.! FHV-1
commonly leads to acute and subsequent chronic infec-
tion with intermittent reactivation,? potentially resulting
in inflammation of the upper respiratory tract and eyes.3
Although vaccination against FHV-1 cannot prevent
infection, it can reduce severity of disease and virus
excretion upon infection if applied before the first con-
tact with FHV-1, and it has been relatively successful in
controlling disease and recrudescence.* All cats are at
risk for infection and thus FHV-1 vaccination is consid-
ered a core vaccine.’

FHV-1 vaccines act by inducing both antibodies and
cellular immunity. The presence of neutralising anti-
bodies acquired through previous vaccination is linked
with protection against FHV-1 challenge.” Although
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quality of protection 1 or 3 years after vaccination is not
as good as 1 month after vaccination,® the duration of
FHV-1 immunity has been shown to last for at least 3
years,”10 indicating that revaccinations in short intervals
are not always necessary.

All vaccinations, including those against FHV-1, might
be associated with the development of feline injection-
site sarcomas (FISSs).!! In addition, recent studies indi-
cated that cats with frequent vaccinations might be at risk
of developing chronic kidney disease,!? and it has been
discussed that antibodies against Crandell Rees feline
kidney cell line antigen, which is often used for vaccine
production, are developed after vaccination.!® Thus, vac-
cination should only be performed if a beneficial effect
can be expected.’ In certain diseases, such as feline pan-
leukopenia, a beneficial effect of revaccination is unlikely
if antibodies are already present.* Data on FHV-1 anti-
bodies, however, are limited. So far, it is unknown how
adult, healthy cats with pre-existing FHV-1 neutralising
antibodies respond to vaccination and which factors are
associated with antibody increase after vaccination.

Therefore, the aims of the study were to: (1) deter-
mine the prevalence of neutralising antibodies against
FHV-1 in healthy adult cats by serum neutralisation test
(SN); (2) evaluate the antibody response after vaccina-
tion with a FHV-1 modified-live vaccine (MLV) by meas-
uring antibodies within a period of 28 days after
vaccination; and (3) evaluate factors that are associated
with the presence of pre-vaccination neutralising anti-
bodies, as well as with response to vaccination.

Materials and methods

Study population

Samples from 110 cats were included in the study. A nec-
essary minimum sample size of at least 96 cats had been
estimated in a power analysis, based on an assumed
FHV-1 antibody prevalence of 50%, with a 95% confi-
dence interval (CI) and a 10% margin of error. All cats
were presented for routine vaccination. The study proto-
col was approved by the ethical committee of the Centre
of Clinical Veterinary Medicine, LMU Munich (reference
number 55.2-1-54-2532.3-62-11).

The inclusion criteria were: (1) unremarkable physical
examination; (2) =1 year of age; and (3) last vaccination
against FHV-1 >1 year ago. Exclusion criteria were: (1)
immunosuppressive drugs or passive immunisation <4
weeks; and (2) infection with feline immunodeficiency
virus (FIV) and/or feline leukaemia virus (FeLV) deter-
mined using a commercial ELISA (SNAP Kombi Plus
FeLV/FIV Antibody Test; IDEXX). Signalment of the cats
is shown in Table 1.

Study protocol
Each cat received a single dose of an MLV vaccine
(Purevax RCP; Merial) on day 0, containing attenuated

FHV-1 strain F2 with a viral titre of at least 10*? cell cul-
ture infective dose 50% (CCIDsy;), as well as a subunit
feline calicivirus (FCV) component and a MLV feline
parvovirus (FPV) component; FCV and FPV were not
subject of the present study.

For the detection of pre- and post-vaccination FHV-1
neutralising antibodies, serum samples were collected
on days 0, 7 and 28, and frozen at —20°C until analysed.
In 25 cats, no serum was available on day 7 and in one of
these 25 cats also on day 28.

Data on signalment (age, breed, sex, neutering status,
body weight), origin (breeder, private household, animal
shelter, foreign country), environment (urban, rural), hous-
ing conditions (multi-, single-cat household), lifestyle
(indoor, outdoor), cohabitation with dogs and vaccination
status (previous vaccination; complete vaccination series;
time since last vaccination) were collected from the owners
on day 0. Besides obtaining a detailed history, health status
of the cats was evaluated by physical examination on days
0, 7 and 28. Vaccine-associated adverse events (VAAEs)
were recorded on days 7 and 28.

Most of the cats (n = 72/106; 67.9%) had been vacci-
nated in the past. Only 27.8% (n = 20/72) of the cats had
received a complete vaccination series according to cur-
rent guidelines.> A complete vaccination against FHV-1
was defined as a primary FHV-1 vaccination series start-
ing at an age of 6-8 weeks with subsequent booster vac-
cinations at 3—4 week intervals and the last vaccination
with at least 16 weeks. A booster vaccination had to be
given 11-13 months later. In cats >12 weeks, vaccination
was considered complete if they had received two vac-
cinations in a 3—4 week interval with a final booster after
11-13 months. After the primary vaccination series, cats
had to have been revaccinated subsequently in at least 3
year intervals.

Detection of neutralising antibodies by SN

Serum samples were heat-treated at 56°C for 30 mins
and aliquots were stored at —20°C. Samples of each
serum (100 pl) were pre-diluted (1:5) in phosphate-
buffered saline (pH 7.2) and further serially diluted at
steps of 1:2. Each dilution was mixed with an equal vol-
ume of FHV-1 isolate KS 285 (200 median tissue culture
infective dose per 0.1 ml) and incubated at 37°C for 90
mins. Subsequently, feline renal kidney cells seeded in
96-well microtitre plates were inoculated with 100 pl of
these serum/virus mixtures. Plates were incubated for
3-5 days at 37°C, 5% CO,. All samples from an individ-
ual cat were run in duplicate in the same test. Sera were
end point-diluted, which was at least a dilution of up to
1:5120. The determined titre corresponded to the dilu-
tion step. Virus titre was confirmed by back titration for
each batch of samples tested at the same day. TCID;,
was calculated according to Spaermann (1908) and
Kaerber (1921).151¢ The positive control serum was
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Table 1 Characteristics of cats and association with the presence of antibodies to feline herpesvirus-1 (FHV-1) in uni-
and multivariate analyses

Bold values indicate statistically significant results

*The factor was eliminated by the backward stepwise variable selection within logistic regression model and was thus not associated with the

presence of pre-vaccination antibodies in the multivariate analysis

OR = odds ratio; Cl = confidence interval; Ref. value = reference value indicating that this category was used as baseline for comparison for

each variable; NA = not applicable; DSH = domestic shorthair

obtained from the MegaFLUO FHYV test-kit (MEGACOR
Diagnostic) and had a titre of 1:320 and was stored in
small aliquots at —20°C. It was tested in duplicate for
each run. Variation of one dilution step was accepted as
within and between-assay variation. A titre <10 was
considered negative. A positive antibody response to
vaccination was defined as four-fold titre increase on
day 28.

Statistical analysis
Statistical analysis was performed with SPSS version 22
(IBM). Fisher’s exact test was used to assess factors

associated with (1) the presence of pre-vaccination neu-
tralising antibodies (Table 1) and with (2) a =four-fold
titre increase after vaccination (Table 2). Multivariate
logistic regression analysis was performed for signifi-
cant factors in univariate analysis with backward step-
wise variable selection based on the Wald statistic.
Levels of significance were set at P <0.05.

Results

Presence of pre-vaccination neutralising antibodies
Neutralising antibody titres of =10 against FHV-1 on
day 0 were present in 45/110 (40.9%; 95% CI 32.2-50.3)
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Table 2 Cats (n = 9/109) with a =four-fold increase in
antibodies to vaccination against feline herpesvirus-1
(FHV-1) and their respective titres on days 0, 7 and 28

Cat FHV-1 antibody titre
Day 0 Day 7 Day 28

1 <10 NA 40
2 <10 <10 40
3 <10 80 320
4 <10 NA 80
5 80 80 320
6 20 80 160
7 <10 <10 40
8 <10 80 160
9 20 20 80

NA = not applicable

cats; 35 of these 45 cats had received previous vaccina-
tions; eight had not received previous vaccinations; the
vaccination status of two cats was unknown beyond the
previous 12 months.

In univariate analysis, the factors age, sex, origin, time
since last vaccination and vaccination status were signifi-
cantly associated with the presence of pre-vaccination
neutralising antibodies (Table 1). However, in multivari-
ate analysis, only the factors age and origin proved to be
significant. Cats =2 years of age were more likely to
have pre-vaccination neutralising antibodies than cats
between 1 and 2 years of age (odds ratio [OR] 8.97;
P = 0.047). Cats from breeders were more likely to have
pre-vaccination neutralising antibodies than cats from
private households (OR 7.070; P = 0.007). The factors
‘time since last vaccination’ and ‘vaccination status’
were eliminated by the backwards stepwise variable
selection within the logistic regression model and thus
were not associated with presence of pre-vaccination
neutralising antibodies in the multivariate context.

Titre increase after vaccination

A titre increase was observed in 22.0% (24/109 cats; 95%
CI 16.8-23.7) of the cats. Only 8.3% of cats (n = 9/109)
had a four-fold or higher titre increase (Table 2).

Cats were categorised into six different groups accord-
ing to their antibody response to vaccination (Figures 1
and 2). Cats in group 1 (n = 16; 14.6%) had neutralising
antibodies <10 on day 0 and showed a titre increase
(median titre day 0: <10 [range <10-<10]; median titre
day 7: 10 [range <10-80]; median titre day 28: 20 [range
10-320]), which was four-fold or higher (6/16 cats). In
group 2 (n = 8; 7.3%), cats already had neutralising anti-
bodies =10 on day 0 and showed an increase of their
antibody titre after vaccination (median titre day 0: 20
[range 10-80]; median titre day 7: 40 [range 10-160];
median titre day 28: 40 [range 20-320]), which was

four-fold or higher (3/8 cats). Cats in group 3 (n = 49;
45.0%) had no neutralising antibodies pre- and post-
vaccination. Group 4 consisted of 19 cats (17.4%) with a
pre-vaccination neutralising antibody titre =10 on day 0
and showed no change in antibody titre after vaccination
(median titre day 0, day 7 and day 28: 40 [range 10-640]).
In group 5 (n = 3; 2.8%), cats showed an increase in their
neutralising antibody titre on day 7, but a decrease on
day 28 (median titre day 0: 20 [range 10-40]; median titre
day 7: 40 [range 10-80]; median titre day 28: 20 [range
20-40]). In group 6 (n = 14; 12.8%), cats had neutralising
antibodies =10 and showed a decrease on day 28
(median titre day 0: 40 [range 20-640]; median titre day
7: 40 [range 20-640]; median titre day 28: 20 [range
<10-320]).

In univariate analysis, only one factor (breed) was sig-
nificantly associated with a =four-fold titre increase
after vaccination (Table 3); thus, multivariate analysis
was not performed. Domestic shorthairs were more
likely to have a =four-fold titre increase than purebred
cats (OR 11.22; P = 0.027).

VAAEs were not associated with a =four-fold titre
increase. They were recorded in nine cats and limited to
a slightly reduced general condition after vaccination for
a few days.

Discussion

Overall, 59.1% (n = 65/110) of cats from the present
study had no detectable pre-vaccination neutralising
antibodies (<10), although 37/65 cats without pre-
vaccination antibodies had been vaccinated before. A
study in Florida including cats entering an animal shel-
ter found that even more cats (89.0%) had no detectable
neutralising antibodies; the vaccination status of these
cats was unknown.'” Another study in Florida found
that 79.0% of trapped feral cats had no detectable neu-
tralising antibodies.!® The presence of neutralising anti-
bodies indicates previous exposure or vaccination, but
after experimental infection, FHV-1 neutralising anti-
bodies are generally low and rise slowly. In an old exper-
imental study, only 6/15 cats (40%) developed FHV-1
neutralising antibodies within 16-20 days post-infection
(p.i.) and even 30-34 days p.i., only 11/15 cats (73%) had
developed antibodies, and titres were generally low
(between 4 and 64).1° This could be explained by the fact
that the spread of FHV-1 from infected cells is restricted
to the adjacent cells, producing only foci of virus infec-
tion and no viraemia.*?02! Antigen exposure to immune
cells is therefore limited. The reason for differences in
FHV-1 neutralising antibody responses between differ-
ent individual cats is unknown.

Similar to FHV-1 infection, development of FHV-1 neu-
tralising antibodies after vaccination also only occurs in a
small number of cats and titres are generally low, especially
if MLV vaccines are used.* However, results of different
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Figure 1 Categorisation of cats depending on median feline herpesvirus-1 (FHV-1) antibody titres and on antibody reaction
after vaccination against FHV-1. Vertical axis shows cats’ median antibody titre against FHV-1; horizontal axis shows course of
the study, at day O (before vaccination), at day 7 and at day 28 (after vaccination). Herpesvirus-1 titre could not be determined
in 23 cats on day 7. Group 1 = cats without antibodies <10 on day 0 and an antibody titre increase (n = 16; 14.6%); group

2 = cats with antibodies =10 and an antibody titre increase (n = 8; 7.3%); group 3 = cats with an antibody titre remaining <10
pre- and post-vaccination (n = 49; 45.0%); group 4 = cats with pre-vaccination antibody titre =10 on day 0 and no change

in titre after vaccination (n = 19; 17.4%); group 5 = cats with antibody titre increase on day 7 but decrease on day 28 (n = 3;
2.8%); group 6 = cats with antibody titre decrease on day 28 (n = 14; 12.8%)
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Figure 2 Number of cats with the respective feline herpesvirus-1 (FHV-1) antibody titres on day 0 (before vaccination),
day 7 and day 28 (after vaccination). Vertical axis shows the number of cats with the respective antibody titre against FHV-
1; horizontal axis shows the FHV-1 antibody titres on day O (before vaccination), day 7 and day 28 (after vaccination).
Herpesvirus-1 titre could not be determined in 25 cats on day 7, and in one of these 25 cats also on day 28

studies vary and comparison is difficult owing to different
protocols, type of vaccine and type of antibody test.

In one experimental study, only 2/11 specific patho-
gen-free (SPF) kittens that were vaccinated once against
FHV-1 (with Purevax RCPCh-FelV [Merial]; which
contained the same FHV-1 strain and doses as used in

the present study) developed neutralising antibodies
against FHV-1 within 4 weeks of vaccination.
Nevertheless, protection was observed after challenge
at 1 and 4 weeks after vaccination, despite the absence
of pre-challenge antibodies.?? In a similar experimental
study evaluating the antibody response of 15 SPF
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Table 3 Factors associated with a =four-fold increase in antibodies to vaccination against feline herpesvirus-1 in
univariate analysis

*Analysis not possible as one row is filled with zeros

OR = odds ratio; Cl = confidence interval; Ref. value = reference value indicating that this category was used as baseline for comparison for

each variable; NA = not applicable; DSH = domestic shorthair

kittens after a primary vaccination series by a blocking
ELISA (two vaccinations 4 weeks apart and one final
booster vaccination 1 year later also with Purevax
RCPCh-FeLV [Merial]) only few cats developed anti-
bodies after the first two vaccinations, while 14 /15 cats
developed antibodies after the final booster after 1
year. In contrast, in another study using an inacti-
vated vaccine, all 41 vaccinated cats developed neutral-
ising antibodies, whereas unvaccinated controls had no
detectable antibodies.??

Thus, thereis likely a difference between non-adjuvanted
and adjuvanted vaccines; killed adjuvanted vaccines
might induce a stronger response than MLV vaccines.
Also, different methods of antibody testing make com-
parison between studies difficult. In the present study,
SN was performed because it is the only test that detects
antibodies that are able to neutralise infectious particles
and prevent infection.

In the present study, 40.9% of the cats had neutralising
pre-vaccination antibodies either due to previous
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infection or vaccination. As the presence of antibodies
was significantly associated with age (higher likelihood
of infection with age) and origin of the cats (higher risk of
getting infected by other cats) but not with the cats’ vac-
cination status, it is more likely that cats” antibodies were
present owing to previous infection and not vaccination.

A titre <10 does not necessarily mean that the cats
from the present study were not protected. Cats without
detectable neutralising antibodies might still be protected
due to rapid activation of immunity by memory cells.?* As
with other alphaherpesviruses (eg equine herpesvirus-1
[EHV-1]), other immunity mechanisms are crucial for the
prevention of FHV-1 infections, not only antibodies.*? In
horses, T cells seem to be most important for clearance of
replicating EHV-1 because: (1) EHV-1 rapidly becomes
intracellular and evades the neutralising effects of anti-
bodies;?*?” and (2) primarily activity of CD8* lympho-
cytes, which can limit the spread of infectious agents by
recognising and killing infected cells or secreting specific
antiviral cytokines and CD4* lymphocytes,?® increases in
blood during EHV-1 viraemia.?’

Nevertheless, the presence of neutralising antibodies
is a surrogate of protection against disease, at least in cats
that had been vaccinated before. In one experimental
study, 72 cats were vaccinated against FHV-1 and chal-
lenged with virulent virus between 9 and 36 months later.
Most cats that possessed neutralising antibodies after
vaccination were resistant to FHV-1 challenge. The pre-
dictive value of FHV-1 presence of antibodies in SN was
91%; the predictive value of a negative result was 67%.°

Correlation of several parameters with the presence of
pre-vaccination neutralising antibodies was evaluated.
The significant association with the cats” age was an inter-
esting finding. Cats =2 years were 25 times more likely to
have pre-vaccination antibodies than cats between 1 and 2
years, independent of the cats’ vaccination history. Older
cats are more likely to have been exposed to the virus, and
all exposed cats likely become FHV-1 carriers. Antibodies
tend to rise to moderate levels after repeated exposure to
FHV-1# Thus, antibodies against FHV-1 are more com-
mon in older cats. An association between age and pres-
ence of herpesvirus antibodies has been reported
previously.!7303! DiGangi et al found that cats aged =6
months were more likely to have FHV-1 neutralising anti-
bodies than cats aged <6 months.!” In the present study,
cats from breeders were also more likely to have antibod-
ies and this is also most likely due to a higher risk of infec-
tion and reinfection in such households.3?

Response to vaccination followed different reaction
schemes. Only 22.0% of cats had a titre increase after vac-
cination, and titres after vaccination were generally low
(range <10-640). Only 8.3% of cats had a four-fold or
higher titre increase. Similar results have been reported
in experimental studies.®> However, in contrast to the
present study, Mouzin et al stated that 97.8% of cats either

had neutralising antibodies =16 before non-adjuvanted
MLV vaccination or a titre increase =four-fold after
revaccination;” thus, their number of responder cats was
much higher than in the present study.

A reason for this could be that all cats in the study of
Mouzin et al had received a complete primary vaccina-
tion series with the same vaccine prior to entering the
study.” Previous vaccination and complete primary vac-
cination series likely resulted in higher titres.3> However,
in the present study, there was no correlation with the
cats’ vaccination history and neutralising antibodies
either pre- or post-vaccination.

Differences in the viral titre of the vaccine or the vac-
cine strain could also be responsible for different anti-
body responses. The manufacturer of the vaccine used in
the Mouzin et al study reported a higher FHV-1 dose
(1073 CCIDs,; strain not specified) than the vaccine from
the present study (10*° CCIDsj). Thus, higher antigen
doses used as a booster might induce stronger neutralis-
ing antibody titres, presumably by recruiting more mem-
ory B cells into the response.

Further, the cats’ age is likely the reason for the high
antibody titres in the study of Mouzin et al.” In the pre-
sent study, cats aged =2 years were more likely to have
pre-vaccination neutralising antibodies than cats between
1 and 2 years of age. In the study of Mouzin et al,” only
cats aged >2 years were included.” The likelihood of hav-
ing a higher titre with higher age can also be explained by
a higher previous FHV-1 exposure rate of older cats. It
has been shown that after re-exposure, FHV-1 antibodies
produced by memory cells generated during primary
responses tend to rise.1%34

In the present study, all cats were vaccinated with a
MLYV vaccine. Interestingly, some studies found increases
in neutralising antibody more often following vaccina-
tion with inactivated herpesvirus vaccines when com-
pared with MLV vaccines in horses?” and in feral cats.!8
While 81.0% of cats receiving inactivated FHV-1 vaccines
developed antibodies, only 16.0% of cats receiving a
MLV FHV-1 vaccine developed antibodies 10 weeks
after vaccination.'® However, efficacy of MLV FHV-1
vaccines seems to be similar to that of inactivated vac-
cines.® Only one study found significantly fewer signs
of respiratory diseases in cats vaccinated with an inacti-
vated FHV-1 vaccine compared with cats receiving a
MLV vaccine; however, the total clinical score was simi-
lar in both groups.3® A reason for the weaker antibody
response after vaccination with MLV could be that, simi-
larly to natural infection, MLV becomes intracellular
soon after application, inducing predominantly T-cell
responses. However, MLV vaccines are generally pre-
ferred for vaccination in cats, as inactivated vaccines
usually contain adjuvants that might be associated with
FISS development, although there is still no clear evi-
dence for the causal relationship.!!
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An association between a =four-fold titre increase
after vaccination and the cats’ breed was found in the
present study. Something similar has also been reported
for feline panleukopenia.'* Owing to the small number
of cats with a =four-fold titre increase, no conclusion on
specific breeds is possible and further studies should be
performed to evaluate breed predisposition towards
vaccination failure in different cat breeds.

Interestingly, the cats’ pre-vaccination neutralising
antibody titre was not associated with a =four-fold titre
increase after vaccination. High antibodies have been
proposed to neutralise the vaccine virus before it stimu-
lates the immune system, at least in FPV vaccination;'
however, this could not be confirmed for FHV-1, likely
owing to the fact that systemic antibodies are generally
low compared with antibody titres against parvovi-
ruses.'*3” Many veterinarians today choose to test for
parvovirus antibodies to determine whether adult cats
and dogs require re-vaccination.'#%3 A semiquantita-
tive in-house test for the detection of FPV antibodies is
available. This test also measures FCV and FHV-1 anti-
bodies. However, the value of measuring antibodies to
determine cats’ immunity to FHV-1 instead of adminis-
tering regular re-vaccinations is still not determined,
and, unfortunately, the present study was not able to
answer this question fully. A definitive answer could
only be given through challenge experiments that can-
not be performed in privately owned cats.

Current efforts in human medicine aim at reducing
reactivation of herpes simplex through therapeutic vacci-
nation.* However, whether vaccination in latently FHV-
l-infected cats is of any use has not been determined yet.
Sussman et al have shown that the latency load was lower
in cats previously vaccinated than in non-vaccinated
cats.®? It would be interesting to see whether a booster
vaccines would have a similar effect in infected cats.

In bovine herpesvirus-1 (BHV-1) infection, virus
excretion of already infected cattle after vaccination was
compared with that in BHV-1-infected unvaccinated
controls. All cattle, controls and vaccinees excreted virus
after reactivation. However, inactivated vaccines
reduced virus excretion more efficiently than the MLV
vaccine.#! In EHV-1 infection, clinical signs of already
infected horses were unaffected by vaccination with
either MLV or inactivated vaccines; however, after vac-
cination with inactivated vaccines against EHV-1, virus
excretion was reduced during reactivation.*? Thus, vac-
cination of latently infected cats might be meaningful
when risk of transmission has to be minimised, such as
in cats from shelters or catteries, and it could be dis-
cussed if inactivated vaccines would be preferable.142
However, the benefits and risks have to be considered as
no data exist and the use of inactivated (adjuvants-
based) vaccines should be avoided until further studies
have been conducted.

A limitation of the study is that pre-dilution of serum
samples might have led to an underestimation of the true
FHV-1 neutralising antibody prevalence. Furthermore, a
lack of antibody titre increase is not equivalent to a lack of
development of protection against disease, as antibodies
are not the only source of protection. Cell-mediated
immunity is likely to play a key role, especially with MLV
vaccines. However, challenge studies would be needed
to prove this hypothesis, which cannot be done in client-
owned cats. Other mechanisms, such as non-neutralising
antibody-dependent cell-mediated cytotoxicity*® as well
as local immunity* might also play a role in protection.

Conclusions

Many cats have no detectable neutralising antibodies
against FHV-1 despite previous vaccinations and fail to
develop a =four-fold titre increase after vaccination.
Older cats and cats with a higher risk of FHV-1 expo-
sure are more likely to be infected and thus to have
FHV-1 neutralising antibodies. Purebred cats more
often fail to develop a =four-fold titre increase after
vaccination. Further studies should be performed to
evaluate breed predispositions towards vaccination
failure in cats.
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