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Evaluation of efficacy and safety of an
inactivated virus vaccine against feline
leukemia virus infection
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Summary: An inactivated virus vaccine was developed
for prevention of FelV infection in domestic cats.
When given in 2 doses, 3 weeks apart, to cats that were
> 9 weeks old at the time of first vaccination, the vac-
cine prevented persistent viremia from developing in
132 of 144 (92%) vaccinates after oronasal challenge
exposure with virulent FelV. In contrast, persistent
viremia developed after oronasal challenge exposure
with FeLV in 39 of 45 (87%) age-matched nonvacci-
nated control cats. Transient viremia, indicated by
carly detection of p27 by EtisA in serum of cats pro-
tected from persistent viremia at 12 weehs after chal-
lenge exposure, was found in 10 of 132 (8%) vacci-
nates. Cats that were aviremic 12 to 16 weeks after
challenge exposure were examined for reactivation of
latent FeLV infection; 4 weekly doses of methylpred-
nisolone were administered, followed by in vitro cul-
ture of bone marrow cells. Latent infection was readily
reactivated in 6 of 8 (75%) nonvaccinated control cats
that had been iransiently viremic after challenge ex-
posure. However, latent infection was reactivated in
only 5 of 48 (10%) protected vaccinates, and in none
of 38 vaccinates in which transient viremia had not
been detected. In a safety field trial, only 34 mild re-
actions of short duration were observed after admin-
istration of 2,379 doses of vaccine to cats of various
ages, breeds, and vaccination history, for a 1.43% re-
dction rate, Results indicate that the aforementioned
inactivated virus vaccine is safe and efficacious for the
prevention of infection with Fel.V.

Feline leukemnia virus is a horizontally iransmit-
ted retrovirus of cats. The virus is associated
with persistent or transient viremia, and is capable
of establishing latent infection in cats. Persistent
viremia is strongly correlated with ultimate devel-
opment of proliferative, degenerative, or neoplas-
de changes in cells of the hemopoietic system, re-
sulting in immunosuppression, leukemia, anemia,
or tumor development. On the other hand, infected
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cats that have transient viremia may develop pro-
tective immunity, resulting in elimination of cells
with a chromosomally integrated FeLV genome, or
cats may develop persistent, latent infection.!
Flimination of latently infected cells is desirable ro
reduce the compromised neutrophil function asso-
ciated with latent FelV infection,? and to reduce
the possibility of reactivation of virus production.

An inacrivated, whole virus vaccine® has been
developed for prevention of persistent viremia and
latent infection of cats induced by FeLV. The pur-
pose of the study reported here was to document
the efficacy and safety of the vaccine.

Materials and Methods

Cats— Specific-pathogen-free male and female
cats, obtained from a commercial source, were
given primary vaccination berween the ages of 9
and 14 weeks. Cats were gang-housed without re-
gard to vaccination status before and after virus
challenge exposure. Cats were provided commer-
cial dry chow and water ad libinam. Cats were [ree
of antibody to FeLV, [eline calicivirus, feline rhi-
notracheiris virus, feline panleukopenia virus, and
feline strains of Chlamydia psittaci.

Vaccination—The vaccine was made from cell
culture fluids containing FeLV subgroup A and B
viruses collected from a chronically infected feline
cell line. Infective FelV was chemically inacti-
vated, and viral components were selectively con-
centrated before combining with an aqueous adju-
vant. Cats were vaccinated with two 1.0-mi doses
given 3 weeks apart, either M or sC.

Challenge-exposure procedure—The Rickard
subgroup-A strain of FeLV was used as the chal-
lenge virus. Vaccinates and age-matched control
cats were challenge-exposed on 2 consecutive days
2 weeks after the second vaccination by the orona-
sal route, a natural route of exposure to FeLV.3 One
week after challenge exposure, all cats were im-
munosuppressed with methylprednisolone ace-
tate,® administered M at dosage of 10 mg/kg of
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body weight. Serum samples were obtained at time
of vaccination, at time of challenge-exposure, and
at 2, 3, 4,6, 8, 10, and 12 weeks after challenge
exposure, and cats were then evaluated for viremia,
Cats notviremic 12 weeks afrer challenge exposure
were considered protected.

Transient viremia was defined as aviremia 12
weeks after challenge-exposure in a cat that had
previously been viremic. Latent infection was de-
hined as one in an aviremic cat in which viremia
could ke induced by immunosuppression, or as one
in which FelV was expressed in vitro by bone
marrow cells from an aviremic car,

Detection ef FeLV viremia—The presence of
Fel.V core protein p27 was used as an indication
of Fel.V in serum (viremia) or cell culture fluids.
Viral p27 was detected, using a commercially
available ELISAC

Latency studies—In vivo reactivacion of latent
FeLV infection in aviremic cats was attempted by
treatrnent of cats once a week for 4 weeks with 10
mg of methylprednisolone/kg given M, beginning
between 12 and 1 6 weeks after challenge exposure.
Serum was obtained weekly and examined for vi-
ral p27. Cats that were sill aviremic after 4 weekly
doses of corticosteroid were subsequently exam-
ined further by an attempt to reactivate FelV
infection from bone marrow cells cultured in vitro.
Bone marrow culture was done, using a modifica-
tion of the method of Pedersen.? At 16 to 18 weeks
after challenge exposure, a femoral bone marrow
specimen was aspirated into RPM! 1640 medium
containing 25 U of heparin/ml. After vigorous pi-
petting to break up aggregates, the bone marrow
cells were filtered through cotton gauze. Cells were
cultured at 37 C and 5% CO;y in air in T-25 fasks,
using 5 ml of remt 1640 medium supplemented
with 15% horse serum, 30 uM 2-mercaptoethanol,
10~7 M hydrocortisone and 5 ug of gentamicin/ml.
Initial cell density was 2 X 10° nucleated bone
marrow cells/ml. Two culwres were established for
each cat. After 7 days of culture, half the medium
in each T-25 flask was replaced. At 14 and 21 days,
all medium was replaced. Each culture was tested
for p27 by euisa on days 7, 14, 21, and 28.

Safety field trial—Vaccine was distributed to
participating veterinarians in 10 states. The vac-
cine was administered M or SC to healthy cats rep-
resenting various ages, breeds, vaccination histo-
ries, and both genders. For primary vaccination,
cats =9 weeks old were given 2 doses, 3 weeks
apart. Cats previously vaccinated with a FeLV vac-
cine were given a single hooster dose. Cars were
chserved for any immediate reaction after vacci-
nation by the participating veterinarian, and own-
ers were requested to report any signs of reaction
they observed after the cat returned home,
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Tuble 1—Protection from chailenge expusure-induced per-
sistent and transient viremid tn vaccinated cdats

. L No. of
Persistent viremia (No./totel} transiently
Vaccine viremic
No.* Vaetinstes Controis viccinalsg
1 014 4/4 0/18
2 on &/4 it
k] 1710 5/5 1/8
4 nd 5 213 4/5 Tn
8 1/8 4/5 1/5
7 imt 2/44 18/22 3/42
7 {scht 6/44 e 4/28
Total 12/144 [8%) 39/45 (87%) 104132 (8%)
*Each numbar wae a separately prepared vaccing. THoute of vacoine admin-
istration.
Rasults

Prevention of persistent viremia—Persistent
viremia was prevented by 7 separate lots of che
vaccine (Table 1). In 6 separate experiments, 144
vaccinared and 45 nonvaccinated age- and gender-
matched control cats were challenge-exposed oro-
nasally with FeLV. All 45 control cats were viremic
4 weeks after challenge exposure, but viremia was
transient in 6 of these cats, for a value of B7% per-
sistent viremia at 12 weeks alter challenge-expo-
sure. In contrast, 132 of 144 vaccinates were not
viremic 12 weeks after challenge exposure, 92%
protection from persistent viremia. Furthermore,
only 10 of the 132 (8%) vaccinates protected from
persistent viremia were transiently viremic after
challenge exposure. All vaccinates that were vire-
mic became so by 4 weeks after challenge expo-
sure. Vaccine 7 was more efficacious when admin-
istered M (93% protection) than when given sc
(86% protection),

Protection from latent infection-—Because the
proportion of cats with latent infection has been
shown to decrease with time,! attempts to reacti-
vate latent FelV infection in cats aviremic 12
weeks after challenge exposure were initiated
within 16 weeks after challenge exposure. Further-
more, the Rickard strain of FeLV used as the chal-
lenge virus in these studies has a high propensity
to establish latent infection.! Thus, these investi-
gations were conducted in a siruation in which the
probabiliey of establishing and detecting a latent
infecrion was high. Indeed, latent infection was
readily detected in 6 of 8 (75%) transiently viremic
control cats (Table 2). In contrast, latent infection
was not detected in 38 protected vaccinates that
had never been viremic. Latent infection was,
however, detected in 3 of 10 transiently viremic
vaccinates. Thus, examination of all transiendy
viremic vaccinates from the studies (Table 1) indi-
cated 50% rate of latent infection. Two persistently
viremic cats were tested to ensure adequacy of the
detection procedures.

Safety of the vaccine, as indicated by detection of
adverse reactions—Forty-two veterinarians in 10
states administered 2,379 doses of vaccine to cats
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Tuble 2w Activation of latent FeLV infection after chailenge
ceposure of vaccinated und control cats

No. of Ho. of
No. of sarum  bone mervow  No. with
cuts samples samplas tatont
wxamined 227 pon  p27 Pos infection
Vactinates 43 1 4 5 (0%
Transigntly virgmict 10 1 4 5 {50%)
Never viramic 18 0 i 0 {6%)
Trangiently viremic
controis 8 4 2 8 {75%)
Viramic controls 2 2 2 ..
“Numbet in parenthesas is the percanisge of cats wxamined, $0nly 10 6f 132
[B%) of protected vaccinates had transient vicemis,

Table J—Vaccinzgerformance ina field safety trial invelv-
ing 2,010 cats and 2,379 doses of vaccine”

Adverss Concurremt  Runction
reaction Durstion No.  vaccination ate
Locel
Soreness 24 to 48 hours k] 3 0.13%
Sweliing <2 days k) 2 0.13%
Systemic
Luthargy 24 t048 howrs 23 17 0.38%
Favar 24 to 48 howrs k] 3 0.13%
Ematia/diarhes 12 hours 1 1 0.04%
Drocling 0.5 houe 1 1 0.04%
Tatsl 33 27 1.43%
“Primary vaceination invoived 389 cats {n ~ 2 doses aach}, and 1,641 cats
wore given a boostar vaccination,

of multiple breeds, ages, and vaccination histories.
Three-hundred sixty-nine cats were given 2 doses
as primary vaccination and 1,641 cats were given
a single booster dose; 97.9% of the vaccinations
were given sC. Sixty-four percent of the vaccina-
tions were given concurrenily with another li-
censed vaccine. Reported adverse reactions other
than these of an immediate local nature were de-
termined (Table 3). Thircy-four mild, short-term
reactions were reported, for a reaction rate of
1.43%. Twenty-seven of the 34 (79%) adverse re-
actions were associated with concurrent adminis-
tration of another licensed vaccine at a separate
site, making an unambiguous interpretation of the
role of the vaccine in these reactions difficult.

Discussion

The vaccine provided consistent protection
from persistent viremia and transient viremia after
FelV challenge exposure that induced persistent
viremia in 87% of age-matched control cats, The
92% protection from persistent viremia afforded by
the vaccine was obtained after oronasal challenge
exposure, a natural route of FelV transmission.
Thus, the challenge-exposure model used in these
studies resulted in Fel.V infection in a manner that
is natural for at-risk cats, and requires the vaccine
to interrupt a normal pathogenic process. In addi-
tion to using a natural route of challenge exposure
with FeLV, vaccinates and controls cohabitated in
random manner during the entire duration of the
study (Table 1). Therefore, because all control cars
were viremic by 4 weeks after challenge exposure
and, thus, were capable of shedding FeLV, the

vaccinates potentially had multiple exposures o
Fel.V over the remainder of the abservation period.
However, persistent or transient viremia in all vac-
cinates was established by + weeks after challenge
exposure. Vaccinates that were not aviremic at 4
weeks subsequently became viremic, which indi-
cates that vaceinates protected from initial orona-
sal instillation of challenge virus may also have
been protected from natural contact exposure over
the remaining 8 to 12 weeks of observation,

[n additicn to atfording 92% protection from
persistent viremia, the vaccine also provided a high
degree of protection from transient viremia, Only
8% of vaccinated cats aviremic by 12 weeks after
challenge exposure were ever viremic. The impor-
tance of protection from transient viremia is indi-
cated by the observation that latent Fel V infection
was detected only in cats that had been transiently
viremic (Table 2). Latency was not observed in 38
vaccinates that had never been viremic, but was
found in 50% of vaccinates that had transient vire-
mia. Therefore, because only transienily viremic
vaccinates were likely to have latent infection, it
follows thar 92% proteciion from rransient viremia
and 50% protection from latency in transiently
viremic vaccinates indicates 96% protection from
latency overall. The 75% incidence of latency in
controls was not unexpected because the Rickard
strain used as the challenge virus has been shown
to induce high incidence of latent infection.!
Because the incidence of latency decreases over
time,* our results are difficult to compare with
those of a study on prevention of latency by another
FelV vaccine. Thar study was conducted 2 to 4
years after challenge exposure.* Moreover, that
study did not documen ability to detect latenr in-
fection in age-matched control cats.

A field srudy involving administration of 2,379
doses of vaccine resulted in a 1.43% reaction rate.
The 34 reported reactions were all mild and of
short duration. In agreement with a recent study for
another Fel .V vaccine,? concurrent administration
of another feline vaccine (either multivalent feline
vaccines, rabies vaccine, or both) increased the in-
cidence of reactions. Local immediate reactions
reported as discomfort of short duration were of a
[requency and severity that was expected with any
vaccinarion administered sc.
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