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SUMMARY

The aim of the studies described in this thesis was to
develop a vaccine against feline leukaemia (FelV) based on
inactivated virus, Previous attempts to produce an economical,
inactivated virus vaccine which would protect kittens against
Fel.v infection had not been successful.

In the present study a vaccine was prepared which protected
over 80% of weanling kittens against a viral challenge which
induced persistent felLv infection in 80-130% of unvaccinated
kittens. Among the reasons for the comparative success of the
vaccine described here were believed to be:

1 The use of FelV of subgroup A produced in large gquantities by
the F422 Line of feline Llymphosarcoma ceils.

2. Inactivation pf the virus with a concentration of
paraformaldehyde which preserved or enhanced the
immunogenicity of the antigen.

3. The use of ALCOH)3 and Freund's incomplete adjuvant in the
vaccine.

4. A schedule for vaccination and challenge by FeLV which
allowed the efficacy of a vaccine to be assessed clearly.

In this thesis, the General Introduction is a review of the

biology of FetV and of previous attempts to produce vaccines

using FeLV antigens. Chapter 1 describes the general materials
and methods used throughout the study.

In Chapter 2 the conditions for the preparation of FeLV for

use in vaccination are described. It was found that the optimum

conditions for producing virus from F422 cells were to seqd the




cells at 1.2 X 100 cells per mL of L~M medium and harvest.the

ftuid after 24 hours. . In the second expariment of this chapter,
the conclusion was that virus production was better in L-M. medium
than RPMI and the amount of virus harvested at 72 hours increased
with increasing FCS concentration.  In the last experiment, it
was found that virus harvested at 24~48 hours after subculture
was of optimum antigenicity.

Chapter 3 describes the inactivation of FeLV pseudotypesof
murine sarcaoma virus CMSV(FelLV)] with several chemicals. It was
found that for complete inactivation of virus, paraformaldéhyde
(PF)} should be used at 0.05%, & mixture of PF .and gLutaraLdEHyde
at 0.004% (or Lless) and acetylethyleneimine (AEI) at 0.5%. An
agent which stabilises disulphide bonds (2,2-dithichis, 5-
nitropyridine (DTNP)) was also found to inactivate virus, but not
completely at the concentrations used. In this chapter, the
adsarption of virus to ALUWOH) ; yas examined. Approximately 75%
of virus was absarbed under conditions employed.

Chapter 4 reports the first vaccination experiment in which
fFeLV preparations inactivated with PF, AEY or PTNP and PF were
compared as vaccines. A vaccine prepared Wwith PF-inactiVafEd
F422 cells was also used and AL(OH)3 and saponin were used -as
adjuvants. The result was thst the most effective vaccine
appeared to be that inactivated with PF and the Least effective
was the F422 cellular vaccine. A scoring system was uSgﬁwto
assess efficacy of the vaccines. Three further lessons were
learned from this experiment and were incorporated into: the
second vaccine experiment (Chapter 7). First, the challenge dose

of FelLV should be increased in order to produce viraemia inall




of the unvaccinated cats. Secondly, a larger number of cats -per
group should be used to increase the chance of demonstrating
difference between vaccinated graoups. Thirdly, the adjuvant
saponin should be used at a Llower concentration to avoid side—
effects found during i1ts use.

An innocuous dosc of saponin was determined in Chapter 5.
The dose of saponin which was harmless was 100 ug per cat,
compared to 1500 ug which had been used previously in Chapter &,
Chapter & deals with the preparation and determination of an
appropriate challenge dose of FelV. The virus was prepared from
" feline embryb cells infected with FeLV~-A/Glasgow~1 and was
concentrated by ultracentrifugation. Cats were infected
oronasally with a dose of 6.5 X 10% FIU and all of the cats
became viraemic.

Chapter 7 contains the results of the second vaccination
experiment, incorporating the improvements described above, in
whicﬁ a comparison of adjuvants was done, using PF-inactivated
FeLV. In this chapter MSV{(FeLV) was first inactivated with
several cancentrations of PF at 259 {o obtain more informétion on
the optimum concentration of PF to use. Secondly, FelV was
inactivated in the sam2 way using the established optimum PF
concentration. Traces of the inactivating agent were removed by
ultrafiltration and the inactivated, washed antigen was usgd.yith
two adjuvants, saponin and incomplete Freund's adjuvant. The
results of this experiment indicated that the vaccine using the

incomplete Freund's adjuvant was sltightly superiar to the vaccine

with saponin.




Chapter 8 contains tnhe result of the final vaccination
experiment in which a comparison of antigens was done. The
antigens and vaccines were prepared as in the previous experiment
except that two viruses were used: F422 virus or FeLV~A/GLa$gow-
1, grown in feline embryo fibroblast cultures. A comparison of
F422 virus using unconcentrated virus and virus concentrated
tenfold was also made. It was found that the unconcentrated, PF-
inactivated F422 virus protected 5/6 kittens from a challenge
with FeLVwhich caused viracemia in 6/% of unvaccinated kittens.
The response to concentrated F422 virus was not better. The
FeLV-A/Glasgow=1 virus vaccine did not significantly protect the
cats. In this experiment it was éLso found that 4 of 5
vaccinated cats which resisted cHaLLenge had a tatent FelLV
infection in the bhone marrow.

The results in Chapter 9 are from experiments to attempt to
assess in vitre the antigenicity of FelV exposed to four types of
chemical dinactivating agents (Pf, Fformaldehyde, AEI-and
betapropiolactone EBPLI). This was achieved by measuring the
binding of monoclonal antibodies to FelV treated with these
agents, using an enzyme immunoassay. These results indicated
that, as expected, the effect of formaldehdye and PF was similer
but different to that of AELl or BPL. At the concentrations used,
AEL and BPL had a less harmfut effect on antibody binding
capacity than formaldehyde or PF. These two Latter agents
markedly reduced antigenicity at high concentrations ( 1 or 2%4)
but enhanced antigenicity {(by up to 65X) at concentrations
similar to those used in the successful vaccines described in

Chapters 7 and 8.




Persistence of FelV neutralising antibodies in naturally
infected cats was studied in Chapter 10. These results appeared
to show that the titre of FeLV neutralising antibodies is
maintained in cats for a period of over one year whether or not
the cats are continuously exposed to cats excreting FelLV. These
results indicate that following contact infection a cat becomes a
low or a high responder.

Chapter 11 is a general discussion which reviews the resutts
in this thesis and compares the results with these of previous

experiments hy others. Suggestions for future work are proposed.
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GENERAL INTRODUCTION

Feline Lleukaemia virus (Fel.V) was discovered in 1964
(Jarrett et al, 1964a) and has become the subject of much
veterinary and comparative interest and research throughout the
world., FelV infection is common among cats 1in situations where
contact is freguent and may be a major cause of death. The virus
is responsible for diseases of the haemopoietic system including
lymphoid and myeloid malignancies and degenerative diseases such
as anaemia, marrow aplasia apd immunosuppression. FéLV
transmission is by contact (horizontal transmission) (Hardy et
al, 1973; Jarrett et al, 1973} or congenitally from the mother to
her kittens {vertical transmission) (Jarrett and Russelt, 1§?BL
Since some cats which are exposed to FelV dEVeLOp;FELV
neutralising antibodies and become naturally resistant to Fely
infection, it is considered that it may be possible to develop an
effective vaccine. Previous experiments led to the development
of several prototype vaccines but none of these has yet been
developed for field use., The aim of the present studies was to
pnrepare a potent and sate FelLV vaccine in the Light of previous
experiments which would be simple and inexpensive to produce and
would protect cats against FelV infections and limit FelLV disesse

spread.

1« Discovery of FelV

FelV was first discovered in 1964 in association with a
cluster of cats that had Lymphosarcoma (Jarrett et al, 1964a;
1964b). The observed clustering of feline Lymphosarcgma cases

led to extensive research into the nature of fel.V and the means




by which it is transmitted from cat to cat.

2. FeLV related diseases

Experimental and epidemioclogical studies have revealed that
FeLV 1is spread contagtously between cats living in their natural
environment, as described below. The virus has the ability to
transform hasmopoietic cells into tumour cells and can also ‘cause
a number of fatal non-neoplastic diseases mainly involving the
haemopoietic system.

FeLV-infected cats which are apparently healthy have an
increasad chance of developing FelLV-related diseases (Hardy et
al, 1973). The incubation period for disease development after
infection varies from weeks to years. The main diseases
associated with FeLV infection are summarized in Table 1.

The most common tumour in cats is Lymphosarcoma of which
there are four main forms (Crighton, 1968). These are thymig¢
Lymphoéarcoma, multicentric Lymphosarcoma, alimentary
Lymphosarcoma and lymphatic leukaemia. The second type of
malignant haemopoietic diseases involves the myeloid cells and
includes myeloid leukaemia, erythroleukaemia and acute
erythraemia (Jarrett and Mackey, 1974). Non-malignant
haemopoietic discases include two types of anaemia (haemolytic
anaemia and erythroid hypoplasia) marrow aplasia and
immunosuppression. The second type of non-malignant disease is

infertility, mainly foetal resorption.




TABLE 1

Main Disecases Associated with FeLV Infection

Malignant haemopoietic diseases

Lymphoid tumours: thymic lymphosarcoma
multicentric "
alimentary

ffyeloid tumours: myeloid Leukaemia

erythraleukaemia

acute erythraemia

Non—malighant haemopoietic diseases

Anaemia; haemolytic anaemia

erythroid hypoplasia
Immunosuppression: thymic atrophy
ftarrow aplastia

Myelofibrosis and osteosclerosis

Non—haszmopoietic conditions
Reproductive failure: foetal resorption

abortion




Malignant haemopoietic diseases
Lymphosarcoma

tymphosarcoma is the most common malignant tumour of the cat
and accounts for approximately one third of all feline tumours
(Hardy,1981a). The discase occurs with an annual incidence of
about 45 per 100,000 cats at risk (Dorn et al, 1968).
Lymphosarcoma does not have a predilection for any particutar
breed or sex, but often occurs in young cats Less than 3 years
old. Lymphosarcoma is c¢lassified according to the distribution
of the major gross lesions in the following & groups (Mackey and
Jarrett, 1972; Jdarrett and Mackey, 1974):
a, Alimentary Llymphosarcoma

This is the most common form of the tumour which is ususlly
found either in one site in the intestinal wall orisassociated
witﬁ spread to the mesenteric lymph nodes and kidneys.
b. Thymic tymﬁhosarcoma

This form is characterised by a Large mass of malignant
lymphoid cells infiltrating the site of the thymus gland in the
anterior mediastinum., Atl thymic Llymphosarcoma consist of T
cells. Tumour cells are seldom found in the blood.
t. Mutticentric lymphosarcoma

This is the third most common type of lymphosarcoma. Lymph
nodes ati over the body are usually involved, in addition to the
Liver and splteen. Multicentric Lymphosarcoma mostly occur§ in
young cats (average age 4 years) and is characterised by gross
entargement of the lymph nodes due to infiltration of malignant

Llymphoid cells. At post-mortem examination or biopsy the

affected Lymph nodes are pale with loss of cortico~-medullary




differentiation.
d. Lymphatic Leukaemia

This form may be considerad as (ymphosarcoma which occurs in
the bone marrow. Growth of malignant cells in the marrow results
in dmpairment of haembpoiesis, so that anaemia and
thrombocytepenia are often seen. The tumour cells spread to
other organs by the blood, hence are found in the bloed, {iver
and spleen. This kind of Lymphosarcoma is often characterised by

a great increase 1in the white -blood cell count.

Myeloid leukaemias
a. Myelo%d teukaemia

FeLV also causes a group of primary bone marrow neoplastic
disorders involving myeloid cetls. In myeleid Lleukaemia,
malignant myeloid cells in various degrees of differentiation are
found in the bone marrow, tiver and spleen and relatively mature
granulocytes may ba frequently found in the blood.
b. Erythroleukaemia

FeLV infects and replicates in erythroid progenitor cells
which still have nuclet and causes both degenerative and
proliferative diseases. In erythroteukaemia both erythroid and
myeloid cells are involved in the malignant process.
¢. Acute erythraemia

In this type of Lleukaemia the major malignant cell fype is

an early erythroid cetl.

T




Non-malignant haemopoietic diseases

I. Anaemias

a. Haemolytic anaemia: Anaemia in cats is more common than in
other pet animals because of several factors, thes most important
of which is FelLV. FeLV-related anaemia may be a primary effect
of Fel.V on hasmopoiesis or an indirect consequence of the effects
of either lymphoid or myeltoid Leukaemias on haemapoiesis{(Mackey
et al, 1975).

The main types of FelLV-related anaemia uwhich are recognised
are erythroid hypoplasia and haemolytic anaemia. Often
anaemias related to FeLV infection remain undiagnesed until the
severe final stages of the condition. It has been suggested that
one sixth of cats with a haematocrit of itess than 0.20 will have
this type of anaemia (Hardy, 1981bJ.

b. Erythroid hypoplasia: this anaemia is frequently diagnosed
in cats and is analogous to pure red cell aplasia in man, in
which oﬁly cells of the erythroid series are affected. The
numbers of erythroblasts, normoblasts and reticulocytes in the
bone marrow and the blood erythrocytes rapidly decrease, while
the production of blood granulocytes and platelets is still
‘normat (Hoover et al, 1974; Mackey et al, 1975; Onions et at,
1982). ALl these abnormal haematological processes happen due to
a complete block of erythropoiesis. This type of anaem{a.is

often termed "non~regenerative'" anaemia.

IT. Immunosuppression

Fel.v is responsible for several secondary diseases which

develop as a result of immunosuppression. FelV causes both




specific C(anti-viral) and non-specific (generatl)

immunosuppression. The mechanism of immunosuppression is complex
and not yet fully understood.

One contributing factor may be the effect of the virus on
the thymus resulting in thymic atrophy and hence defects in the
maturation of T Lymphocytes (Anderson et al, 1971). Another
suggestion for immunosuppression development is the effect of the
viral envelope protein pl15E which may act directly on lymphocytes
preventing their participation in immune responses (Pe}ryman_gg

al, 1972; Olsen et al, 1980).

1II. Marrow aplasia

This condition is characterised hy hypoplasia of myeloid and

erythroid cells in the bone marrow which leads to Leukopaesnia and
anaemia. Following leukopaenia there may be rapid invasion of
the intestinal epithelium by bacteria causing dysentery. This
condition may be confused clinically with panleukopaenia but is
often secen in cats vaccinated against feline panteﬁkppdenia

virus (Mardy, 19381b).

IV. Other diseases

These diseases include conditions of the reproduction system
particularly resorption of foetuses and infertility in queens,
and less frequently abortion. Another disease thougﬁt to be
jndirectly related to FeLV infection is glomerulonephritis
{Anderson et al, 1971; Mackey, 1975) which may be caused by'ﬁhe
accumulation of immune complexes containing Fel.V antigens and
complement in the gtomeruli of some cats with persistent FeLV ;

viraemia (Weksler et at, 1975).




Structure and biclagy of feline leukaemia virus

Viral structure

felLV is a type € retrovirus, simitar in structure to other
retroviruses which cause leukaemia 1in chickens, cattie and mice
(Jarrett et al, 1964b). The viral particle is approximately
spherical and 110 nm in diameter. The viral genome is RNA and
is enclased in an internal protein core. Surrounding the core is
a phospholipid envelope from which project small spikes (Laird et
al, 1968a).

Fel.Vv RNA i3 single-stranded and two identical molecules are
present in the viral core(O. Jarrettetal, 1971). Bound to the
RNA are several molecules of a reverse transcriptase enzyme which
is a BNA-dependent DNA polymerase. The RNA contains three genes
catled gag, pol and env. The gag gene codes for the viral
internal proteins (group-specific antigens). The pol gene codes
for the reverse transcriptase, and the env gene codes for the
proteins of the viral envelope.

The four internal proteins which are the products of the gag
gene are termed pl15, pl2, p27 and pl10 on account of their
molecular weights which are 15,000, 12,000, 27,000 and 10,000
respectively {Green et al, 1973). These proteins are found at
specific sites in the viral particle. Thus p13 dis in the
exterior of the viral core, pl12 is located just inside the viral
envelope, péf is the major component of the viral core shell and
pi1d is a nucleoprotein which is associated with the viral RNA.

The envelope proteins are gp?0 which is a glycoprotein with

a molecular weight of about 70,000 and p15E which is a non-




glycosylated protein with a motecular weight of 17,500 (but
15,000 in SpS-polyacrylamide gel electrophoresis) (Neil, 1978).
The pt5E is very hydrophobic and is strongly associated with the
envelope. This molecule acts to anchor the gp70 to the envelope
by disulphide bonds. The gp70 constitutes the wviral spike which
projects from the viral surface. The spikes have threz dmportant
functions: they contain the antigenic determinants which induce
the production of wirus nzutralising antibodies; and they carry
the sites which determine viral subgroup (A, B or C) and the
ability to infect certain cells by binding to their specific

surface receptors.

Subgroups of FelLV
Feline Lleukaemiaz viruses occur in 3 subgroups, A, B.or C
(Sarma and Log, 1973). ALL FeLV isolates made from cats with
Lymphosarcoma or clinically healthy carrieré contain FelV of
subgroup A (FeLV-A) and in addition approximately half also
contain virus of subgroup B (FelLV-8) (Jarrett et al, 1973; Sarma
t al, 1973)., Viruses of subgroup C (FeLV-C) are relatively

rare, occurring in only 1-2% of isolates (Jarrett et al, 1978)
but are quite common (28%) in cats with severe anaemia (Onicns et
al, 1982). Thus, the possible composition of FeLV jsolates:is
FelLV-A, FelV-AB, FelLV-AC or FelV-ABC.

Several reasons have been put forward for the apparent
dependence of FebV-B and FeLV~C on FebV=A. Sarma and Log (1973
showed that the reason was not because these viruses were

defective and required FelV-A as a helper virus since they could

be separated and grown in cat cell cultures in the absence of




FelL¥-A., Jarrett and éusseLL (19738) found that FelLV-B was not
transmitted horizontally to tracer kittens which had been made
virzemic by experimental inoculation with FeLV-B alone. However,
both FeLV-A and FelLV—~B were transmitted naturally from cats which
were viraemic with FeLV-AB. These authors suggested that Fel.V-B
is only transmitted within pnenotypic mixtures with FelLV-B
because target celts for only Fel.V-A are available in the
oropharynx.

A different reason was suggested for the dependence of Felv-
C on FeLV-A by Russell and Jarrett (1973b}). This was that FelV~(
viruses arise de novo in cats as recombinants of FelLV-A, acquired
by exogenous infection, and endogenous FeLV-Llike DNA sequences. in
normal cat cell DNA (6kabe et al, 19763, Russell and Jarrett
(1978b) considerad it unlikely that FelV-C viruses were actuatly
transmitted between cats in nature,

The subgroups of FeLV are distinguished by interferentce
tests (Fischinger and O0'Connor, 1969; Sarma and Log, 1%71).
There are also differences in the host range of each subgroup.
Fel.Vv=A infects only cat cells while FeLV~8 ahd C have a wider
host range {(Jarrett et al, 1973). Antigenically, by
neutralisation tests, all FelV-A viruses are monotypic but there
is some antigenic variation between individual isolates of FelV-B
or FetV¥-C and there is considerable cross-reactivity between

subgroups {Russell and Jarrett, 1978a).

Replication of FelV
Infection of the host cell by FeLV begins by the attachment

of the spikes of the virus envelope surface to specific receptors




on the host cell membrane. fhe Virus genome benetrates inside
the cell by a method which is not completely understood. The
reverse transcriptase enzyme uses the RNA as a template to make a
single-stranded DNA copy. A double-stranded 6NA molecule is then
synthegsised which integrates 1into cellutar DNA to form a
provirus. The provirus in the cell chromosoma can be activated
to produce virus.

The production of a progeny virus by the infected cells
occurs by synthesis of mRNA which in turn produ;es the virat
protetns in the cell cytoplasm. Complete infectious virus
particles are assembled from the viral proteins and new RNA at
the cell membrane and particles are made.by budding through the
membrane without causing damage, hence there is no cytopathic

effect (Laird et al, 1968a). This cccurs both i

vive and in

infected cell cultures., While FelLV has the ability to transform

infected feline cells in vivo it does not have this ability in

vitro.

4. Transmission of FelLV

FeLV is transmitted contagiously among pet cats in two ways.
The first means of transmission is horizontal (Hardy et al, 1973;
Jarrett et al, 1973> by close ceontact via licking or b{ting

between cats by means of contaminated saliva (Francis et al,

19772. This enabkles the virus to infect ¢ats through the oral
and nasal epithelium.

The second means of transmission is epigenetic or congenital
transmission in which the virus is transmitted from the infected

queen to the develtoping foetus across the placenta dur?ng




pregnancy {Jarrett and Russell, 1978),

5. Pathogenesis of FelV

Persistently viraemic cats are the main source of FelLV
infection. Subsequent to direct contact infection, the virus
grows in the cells of the oropharynx and is transported to the
bone marrow via the blood in mononuctear celis (Rojko et al,
1979). Bone marrow cells are very susceptible to the virus and
large quantities of FeLV are released into_the blood. The wvirus
then may spread haematogenously to other tissues such as the
upper respiratory tract epithetial cells and salivary glands and
thus again to the mouth.

Although FeLV is distributed in this way éLL over the body
of the infected cat, its pathogénic effects are mostly on the

haemopoietic cells.

6. Quteome of FelLV infection

Cats exposed to FeLV, either experimentally or naturalily,
become persistently infected or recover (Hardy et al, 1973).
Recovered cats either completely recover and elimiﬁate thevirus
or have a latent infection in the bone marrow (Rojko et al,
1982). There are two main factors which determine the outcome
of FeLV infection. These are the age at which the cat is
infected and the dose of the virus to which it is exposed. Thus,
developing foetuses and newborn kittens are most susceptible and
have a greater chance of becoming persistentlty infected than
adult cats (Hoover et al, 1976). The dose of virus, under
natural conditions, 4is dependent of the circumstances in which

the cats Live., As described below, among free range cats the
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dose of virus transmitted is Low while in mutticat households ;he
degree of contact is high and the dose of virus is large.

It is almost certain that these factors influence the immune
response to FeLV infection and hence the ability of the cat to
overcome the infection. Young kittens do not mount aneffective
immune response and untess protected by maternal antibody (Hoover
et al,1977a; Jarrett et al, 1977) are immunosuppressed to FelV,
Older kittens seem to be mare immunologically competent and the
outcome depends on the balance between viral growth and rate of
development of an immune response to the virus.

Cats exposed to FelV have the following characteristics.

a. Persistently infected cats

Animals which are infected with FelV and fail te mount an
effective immune response dévelop a permanent infection with a
persistent viraemia. These cats continuously excrete the wvirus
from the mouth and are the main source of FeLV infection among
the cat population. These viraemic cats have a high risk of
developing Felv-related diseases. The studies of McClelland et
al (1980) showed the outcome 1in three different types of
households during a 3.5 year period.

In the first households which were FeLV-free, 32 (17%) of
191 uninfected cats died of disease during the observation
per‘i‘od. In contrast, 159 (B3%) were still alive after the same
period. The second households contained cats which were viraemic
and those which were exposed but non-viraemic. The non-viraemic
cats were isolated from the viraemic cats. Of 46 infected cats

which were fisolated from the 233 uninfected cats, 36 (83%) died




of disease during the observation period whereas only 29 (12%) of
the 233 uninfected cats died of disease during the same period.
In the third type of household which contained both infected and
uninfected cats living:together, of the 50 infected cats, 42
(89%) died of disease, in contrast to only 21 (24%) of the 88
uninfected cats which died of disease durihg the observation
period, This study showed that there was a five-fold higher
mortality rate among FelV-infected cats than among uninfected

cats in the households.

b. Recovered cats

Recovered cats are of twe types. Fir§t, the cats may have
completely eliminated FeLV and in these there is no viraemia, no
virus may be isolated from the bone marrow cells, no infectious
FeLV is excreted from the mouth and there is a low risk of FelLy~
related diseases developing (Hardy et al, 1973). Secondly, a
state of tatent infection may develop in .whicth there is no
viraemia but virus can be isclated from bone marrow cells in
culture (Rojko et al, 1982). 1In these cats no infectious FeLV;is
transmitted (Madewell and Jarrett, 1983). - The risk of FeLV~-

related diseases in these cats is not yet known.

¢~ Transient viraemia

Some cats which recover from FeLV infection have a transient
viraemia which may last from a day or two up to 8 weeks or longer
(Jarrett et al,1982a; Pedersen et al, 1979). During this per:""i!od
the cat may also excrete the virus from the mouth and.QiraL

antigen and infectious virus may be found in the blood:

Following experimental oronasal infection, the peak of transient
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viraemia is at 3 weeks after infection and is usually foillowed by

the development of high titres of neutralising antibodies
(Jarrett et al, 1982a.J. Under natural conditions of exposure the
tength of the transient viraemia is more variable (Pedersen.et

at, 1979).

7. Feline Leukaemia virus immunity

The recovery of FelV infected cats, whether they become
Latently infected or eliminate FeLV, appears to depend on both
humoral and cell medjated immunity (Madewell and Jarrett, 1983;
Rojko et al, 1982).

Serum of recovered cats contains two types of FeLV-specific
antibodies: wvirus neutralising antibodies and antibodies to the
feline oncornavirus-associated cell membrane antigen (FOCMA)
(Essex et al, 1971). Virus neutralising antibodies are directed
against FelV gp70 and inactivate the virus in vitra and in wivo
(Hoover et at, 1976; Jarrett et al, 1973; Russell and Jarrett,
1978a). Also, these antibodies are presumably responsibie for the
maintenance of the latent state of FeLV infection by their action
on FeLv-infected cells in the bone marrow (Rojko et al, 1982).
These antibodies protect the cats from FeLV infection and prevent
viraemia in young kittens (Hoover et al,1977a; Jarrett et al,
19¢72.

FOCMA was originally defined as an antigen on the surface of
the FL74 cell=line of feline lymphosarcama cells which rea;fed
with antibodies in the sera of cats recovered from feline sarcoma

virus infection (Essex et al, 1971) or exposed to FetV .( Riggsy.

1971) . Anti~FOCMA antibodies appear to protect cats from




Lymphosarcoma (Essex et al, 1976) but not from FeLV infection and

viraemia (Hardy et al, 1977).

The molecular nature of FOCMA or its genetic basis have not
yet been resolved. Initially it was claimed that FOCMA was a
tumour-specific antigen which was encoded in the genome of feline
sarcoma virus and induced in tumour cells by FelV (Stephenson et
ﬂ,(:l9.7=?),$..liski & Es.sgx,.(.:1979) and Hardy et al (1977) suggested
that FOCMA was not a FeLV structural antigen, mainly betause
purified FeLV or FelV proteins could not absorb anti-FOCMA
antibodies from viraemic cat sera. It should be noted, however,
that the FeLV which was used in these experiments belonged to
subgroups A and B only. Russell (1977) showed that in the sera
of cats eggosed to Fel.¥ there was a strong correlation between
antibody titres to FOCMA and neutralising antibody titres to
FelLV-C but not to titres to FelLV-A or B. In the L{ght of these
results he suggested that there might be a relationship between
FOCMA and FeLV=~( envelope antigens, and indeed showed that the
major antigen on FL74 cells, which are the target cells in the
FOCMA test, and released FeLV of subgroups A, B and C, was a
FeLV-C antigen. Recently Vedbrat et al (1983) used both selected
cat sera and mouse monoclonal antibodies to FeLV-C to show that
the distribution of FOCMA could only be explained on the basis
that it was an antigenic determinant related to FelLV-C.

Recent studies have found that cell mediated immunity. Wmay
play an tmportant role in recovery from FelV infections. The

cells involved are Llymphocytes which play an- impeortant part 4n

maintaining Llatent infection in the bone marrow and Llyse cells




which produce virus in bone marrow cultures, derived from cats

with latent infections (Rojko 2t al, 1982).

8. The epidemiclogy of feline leukaemia virus

Chronically {persistently) infected cats are the main source
of infection in cat populations. FelV is spread mainly by close
contact between cats by means of Licking or biting in which

saliva conteining virus is transferred. One milltilitre of saliva

may contain 5 X 103 to 2 X 108 infectious virus particles
(Francis et al, 19¥7). In this way the virus infects the. cat by
.uay of the mouth and nose thorizontal transmission) (Hardy et al,
1973; Jarrett et al, 1973). The other route of spread of FeLV is
across the placenta to the foetus.

The epidemiclogical pattern of FeLV infection is related to
the housing situation in which cats are maintéined of which there
are two main types: open houses and closed houses. In the first
type, cats are usually kept singly or in small numbers and range
freely. Thus, contact between cats is frequent but fintermittent
and low doses of virus are transmitte& from infected to healthy
cats, hence the prevalence of exposure is high (50-70%) {Jarrett
et al, 1973). By contrast, persistent infections are infrequent
(1%) (Rogerson et al, 1975). In the second pattern, cats are
generally kept in multicat households in which several cats are
kept together and are isclated from the general cat population.
Since they are in close contact with each other, the introduction
of FelLV into these households by means of a carrier Leads to
widespread dissemination of the virus. In this way a high

proportion of the cats {(about 40%) develops persistent infections




(Hardy et al, 1973; Jarrett et al 1978}, The main features. in

both types of cats are shown in Table 2.

2. Féline Leukaemia virus control

In the light of epidemﬁotogicéL studies, it appeared that
control of FelLV shoutd be possible by removing the source. of
infection from the multicat households. Programmes of control to
establish and maintain FelLV-free cat households have been
developed (Hardy et al, 1976; Weijer & Daams, 1978). As described
above, persistently viraemic cats are the main source of
infection, hence isolation or destruction of these cats is the
first important step to control the infection (Hardy et at,
1976). |

Three diagnostic methods are currently used to deféct
viraemic cats.
a. An immunofluorescence (IF) method is simple, rapid and
inexpensive (Hardy et at, 1973). FelLV antigen is detected in the
cytoplasm of blood neutrophils in a fixed blood smear. |
b. An enzyme-linked immunosorbent ‘assay (ELISA? uhjch;is
commercially available in kit form (Leukassay F? detbcts-EeLVJpé?
antigen free in the plasma which is presumabiy released by virus-
producing cells in the bone marrow.
c. Virus isolation (VI) is somewhat expeénsive and takes 6 days
to carry out. However, it is very reliable since it-detéﬁté
infectious virus in the plasma (Jarrett et al, 1968; Jarretf“gl
al, 1982b).

The next step in the control programme 'is to effectively

disinfect the cat housing, Litter, pans and feeding bowls. The
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TABLE 2

FeLVY spidemiclogical situations

Closed multicat households
High expasure rate: > 8D% anti-FOCMA antibodies
High viraemia rate: 40% viraemia

High incidence of disease

free~range cats
High exposure rate: 50% anti~FOCMA antibodies
Low viraemia rate: 1% viraemia

Low incidence of disease




third step is to retest the cats at least 12 weeks after removal
of the viraemic cats to establish whether any positive cats which
have been retained are still positive and therefore have a
permanent infection. More importantly, retesting the negative
cats is done to ensure that they are stitl negative and were not
incubating an infection at the injtial test. Further testing
periodicatly every 6 months ensures that the negative cats remain
so, and detects if there are any new cases of infection. Also to
protect against re~entry of FeLV¥, no new cats shoutd enter the
house before testing and satisfactory guarantine has been carried
out.

The measures have been very successful in eradicating FelV
from many multicat households (Hardy et al, 1976; Weijer ~ and
Daams, 1978).

10. Anti-feline leukaemia virus vaccination

To complete a FeLV disease eradication programme -an
effective vaccine would be extremely useful. 1In a household from
which virus had been eradicated, introductions, such as kittens
born in the house or bought in from another source, could 'be
protected against future exposure to FelV at, for example, stud
or cat shows. From epidemiclogical studies of FelLV it is clear
that many cats form protective titres of virus neutralising
antibodies as a conéequence of a previous FeLV exposure and are
known to be resistant to reinfection with virus suggesting the
possibility of vaccination. Also we know that most FelLV
transmission occurs horizontatiy, by close contact, so that the
transmission cyclte might be broken by vaccination.

Immuncprophylaxis is one of the major ways of preventing
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infectious diseases in animals and man. The main means of
achieving active immupity 1is the use of potent, safe and
economical vaccines. The viral vaccines in current use are of
two main types, attenuated (modified Live) or inactivated (dead
or kitled). In addition subunit vacc%nes consisting of subviraL
antigens free of nucleic acid have been developed for a Limifed
number of viruses (Bolognesi, 1976; Salerno et al, 1978;
Balcarova et al, 1981). A fourth type of vaccine which is now
being investigated comprises synthetic peptides which correspond
to the relevant antigenic determinants of viruses (Bittle et al,
19823,

Modified Live virus vaccings contain viruses which are non-
pathogenic but retain the antigen(s) of the carresponding
virulent virus which isfare) responsible for inducing a
protective immune response. These attenuated viruses have been
obtained in several ways, the most common of which are passage
of virus for long periods in vitro, passage of virus in celts. of
a heterclogous host or growth of a virus at low temperatures. 1n
the cat, Live vaccines are ussd for immunisation against feline
panleukopaenia virus; feline calicivirus and feline herpesvirus.
There are several potential advantages of Ljve vaccines.
Firstly, small doses of virus may stimulate an effective immune
response because the virus replicates in the host. Secondiy, the
immune response to the vaccine may be similar in type to that
produced following natural exposure to fietd virus. Thirdly,
usually only one administration of vaccine is required. The

major potential disadvantage of Llive virus vaccines is that the
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virus may revert to virulence following growth in vaccindted
animels and spread té other animals.

Inactivated virus vaccines are theoretically safer than
attenuated vaccines since they cannot grow in the animal and
therefore cannot cause any discase or revert to virulence. fhis
assumes that the virus has beeh sufficiently well inactivated.
Recently inadequate inactivation of a foot-and-mouth discase
virus vaccine ted to inoculated pigs being infected in France and-
the subseqguent spread of Live, virulent virus to the Channel
Islands and the Isle of Wight in 1981 (Donaldson et al, 1982).
In cats, inactivated viruses are used in a vaccine against feline
panlelkopaenia virus, feline calicivirus and feline herpesvirus
(Vaxicat Plus: Tasman Vaccine Laboratorjes). In ﬁractice; the
main disadvantages of inactivated virus vaccines compared to: live
virus vaccines are that several, usually two, inoculations of
vaccine are required and a much Larger amount of virus must be
incorporated into the vaccine in order to provide sufficient
antigenic mass for immunisation.

The chojce of the type of vaccine which could be used in the
field for immunisation against FeLV 1infections is restricted at
present to inactivated preparations, for three main reasons.
Firstly, attenuated FelLV strains have not yet been developed and
are unlikely to be produced in the near future since testing FelV
for non=pathogenicity would require several years owing tc the
long incubation periods of most FelLV isolates (Mackey _E.ELI
1972). Secondly, subunit vaccines derived from purified FelLV

particles would be prohibitively expensive, since laryge amounts

of purified virus would have to be produced. Thirdly, vaccines
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based on synthetic peptides aré still at the experimental stage.
Another, non-scientific, reason is that it is very unlikely that
product Licensing authorities would permit the use of a tive
vaccine for a wvirus which is oncogenic in a species which Lives
closely with human beings.

V. Jarrett and his colleagues were the first to attempt to
develop a FelLV vaccine Uarrett et at, 1974). In aninitial study
they inoculéted cats with tive feline lymphoblastcid cells of the
FL74 Line and obtained high titres of anti~FOCMA antibodies,
Some of these inoculated cats were subsequently challenged with
tive FelLV of a highly pathogenic strain and resisteéed "the
infection while another group of c¢ats given the chalienge virus
became infected (Jarrett et al, 1975). In the same experiments,
purified virus released from fL74 cells was inoculated-into
another group of cats. In addition cats were vaccinated with
paraformatldehyde—inactivated FL74 cells. The results were that
purified virus did not induce FOCMA antibodies in cats, while
cats vaccinated with Pf~inactivated FL74 cells deVelopéd FOCHA
antibodies. No virus could be jsolatd either from .the
inactivated vaccine or from the vaccinated cat tissues. The
conclusion from these experiments was that FL74 cells were
immunogenic but reLeaséd Low infectivity virus and mighf be of
value in devising vaccines against FelV.

Another FeLV vaccine preparation was made by Pedersen and

his co-workers (Pedersen et al, 1979) who vaccinated cats with

Living virus released from FL74 ceits, formaldehyde~inactivated

virus from the same source or formaldehyde-inactivated FL74 cells




and challenged the cats with virulent FeLV by contact. Their
results were that neither -inactivated vaccine produced a
measurable anti~-FOCHA or virus neutraLiSing antibody response nor
completely prevented natural infection with virulent FeLV,
However, the live virus vaccine dramatically decreased the
proportion of infected kittens. The cell vaccine did not
protect against challenge.

A third attempf to develop a FelV vaccine was made by
Salerno and his co-workers (Salerno et al, 1978). They
apparently pursued the development of a subunit vaccine against
FelV as a guideline to preparing similar vaccines for human
beings in the event that retroviruses were %ound to be causes of
leukaemia in man. A subunit vaccine was chosen to avoid the use
of a tive oncogenic virus or the oncogenic viral RNA. The
antigen selected far subunit vaccine preparation was the viral
envelope glycoprotein, gp70. The glycoprotein was purified from
FelV-AB virus and was given to cats and guinea pigs with and
without adjuvant. An aqueous vaccine dinduced neutralizing
antibody 3in only 50% of guinea pigs while an adjuv;nted vaccine
induced higher Llevels. In contrast to guinea pigs, cats
immunised with twice the guinca pig dose produced Little or no

response with the aquecus vaccine and even tess of an immune

response than guinea pigs when vaccinated with an AL{QH)3
adjuvanted vaccine. At the same time this glyfoprotein Was
inoculated into goats and induced a high titre. of antibody which
specifically neutralised FelV.

Finally, Olsen and his co-workers have prepared several FelLV

vaccines. First, they immunised cats with thermally inactivated
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FL74 cells and these cats produced high titres of ant1body to
FOCMA and were protected fram oncogenic feline sarcoma virus
challenge. However; the vaccine did not induce virus
neutralising antibody, nor did it prevent FelLV viraemia following
challenge (Olsen et al, 1976). A second attempt to preépare a
FelV vaccine was made by giving the cats a dual vaccine*compssed
of killed FL74 cells and killed FelV (fonmabinﬂtredtadfor
ultraviolet Light inactivated) in an attempt to prevent both
viraemia and ensuing neoplastic disease. The unexpected result
of using this vaccine was that the cats became more suscep;ib}e
to FeSV challenge than the unvaccinated control catse It was
considered that the combination of both FelV and tumour cell
vaccine abrogated protective tumour immunity. Thefr,explanation
of this resuLt was that a small molecular protein (p15E) ffom
FelV which was in the vaccine was immunotoxic and Led "to
suppression of the cats' lymphocyte functions renderingithe
vaccinated cats more susceptible than the controls. At the same:
time these workers vaccinated cats with killed ?eLU or killed
FL74 cetls with the result that virus neutralising anfibdﬁﬁeé*
were induced in adult cats, but not in young kittens at first
vaccination. Proteciive immunity against the s_ub‘s-.eq_l._x_gn-:t
neoplastic disease was avident, but the vaccine did nof*pﬁ@?éht
FetV viraemia (Disen et al, 19803),

| In the light of these experiments, Olsen and his co~workers
subsequently developed a sobtuble tumour cell vaccine ccntaiﬁfng
viral proteins and "FQCMA", which was prepared from concentrated

spent media of FL74 cells grown in serum-free medium. “This




material was non—infectious and was used with complete or

incomplete Freund's adjuvant, or AL(OH)3 ta vaccinate cats. The
vaccination results were that potent anti—-FOCMA antibodies were
induced and a high proportion (80%) of the cats were protected
from FelLV virasmia and related diseases after chaltenge with the
Rickard strain of felV. 1In contrast all control cats developed
FeLV viraemia after challenge (0lsen et al, 1980a), The
vaccinated cats made antibody to FeLV gp70, FelV p27 and FeLV

p15, as shown by immunoprecipitation of radiolabelled viral

proteins.,

The present'study

The primary aim of the studies described in this thesis was
to develop a vaccine against FelV infection based on chemically
inactivated whole virus.

In the thesis, Chapter 1 deals with the general materials
and methods used in these studies while specific materials and
methods are described in the individuat chapters. Chapter 2 is
an account of studies to find the optimum conditions for
producing cetls and virus for use in the preparation of vaccines.
Chapter 3 describes the results of studies on the inactivation
of FelLV pseudotypes of mouse sarcoma virus to find the conditions
to inactivate FelLV. Using these results, several FelLV vaccines
were prepared with these agents and compared for efficacy in an
experiment described in Chapter 4. Some problems involving side-
effects of the adjuvant and the challenge dose of virus were
encountered in this experiment, and Chapters 5 and 5 present the

results of experiments to overcome these problems.
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Chapter 7 and 8 describe two further vaccination
experiments. In the first, a comparison was made of two
different adjuvants, saponin and incomplete Freund's adjuvant.
In the -second, Freund's adjuvant was used and FeLV produced fram
twoe sources, suspension cultures or mohoLayercuLtures, was
compared as an antigen. Chapter 9 is an account of experiments
in which attempts were made to develop an in wvitro test of
antigenicity of FelV antigen treated with chemical inactivating
agents. Ffinally, in Chapter 10 an experiment is described wh{ch
examined the persistence of FelLV antibodies in cats which had

recovered from natural feLV infection.




CHAPTER 1

MATERLALS AND METHODS

Materijals
1. Media

The Glasgow (BHK21) modification of Eagle's Minimal
Essential Medium (MEM) was supplied by the Institute of Virology,
University\of Glasgow. Growth medium (EFC) was Eagle's MEM with
10% foetal calf serum (FCS). CQccasionally medium with 20% FCS
was used (EFC20), FCS was purchased from Gibco~Europe Ltd and
batches were selected for their capacity to support the growth of
FelLV pseudotypes of murine sarcoma virus (MSV(Fel.V)).

Leibovitz L-15 medium was purchased from Gibco~Europe Ltd.
This medium is ‘independent of CO2 for buffering and for this
reason was used to make dilutions of viruses and sera during
assays.

McCoy's Sa medium (Gibco-Europe Ltd) was used with an equal
volume of Leibovitz L=12 medium and 15% FCS to-grow suspension
cell cultures. This growth medium was termed L-M medium.
Penicitlin (100 units/ml) and streptomycin (100 units/ml) were

used in all media.

2. Cell cultures

The following celis were used.
a. FEA cells: These feline smbryonic fibroblast cells were used
be&ueen passage 15 and 35 (Jarrett et al, 1973-). The cells were
routinely grown in 250 ml glass bottles with 12 ml of EFC medium

and one quarter of the total cells were sub-cultured twice a

week.




b. €81 cells: The cltone 81 cells were originally dgriveq-fﬁom

the Crandell feline kidney fibroblast cell Line'(QCC) and.c§htain
the génome of Holoney~mouse sarcoma virus (MSV)(Fischingepugg
al, 1974). These cells were grown and sub~cultured as-abéve;:

c. FL?74 cells: These are neoplastic Lymphoid celts-derived from
a tymphosarcoma tumour of the kidnEy of a cat infected with FelV
(Theilan et al, 1969). The cells were grown in suspension and
were sub-cultured with L=M medium’at 1 X 10 6 per ml denéfty:and
were sub-~cultured twice a week. The cells continuously release
FeLV-ABC/KT strain in targe quantities. -

do F422 cells: This cetl Line was established from a thymic
{ymphosarcoma of a kitten inoculated with the second passage of
the Rickard strain of FetV (Rickard et al, 1969). The celLs}géou-
in. suspension culture with L-M medium and release felV of sub~

group A.

3. Feline Lteukaemia viruses

The fotlowing feline leukaemia viruses were used. .
a. FelV-A/Glasgow=-1 was ariginatly iscolated from a cat with
alimentary lymphosarcoma. The virus was released fto@
chranically infected FEA cell cultures (arrett et al, 1973).

h. FelLV-A/F&422 was retleased from F422 suspension cultures.

c. FelV-ABC/FL74 was produced from FL74 cells.

4. FelV pseudotypes of mouse sarcoma virus
A FelV-A/Glasgaw-1 pseudotype of Moloney mouse sarcoma virus
was used (MSV (FelLV~-A/Glasgow-1). The Moloney mouse sarcoma

virus was rescued from C81 cells by FelV-A/Glasgow—1 (Ruyssell and

Jarrett, 1976J.




5. Experimental cats

The experimental kittens were obtained from the specific
pathogen free cat colony of the Veterinary School of Glasgow
University. Generally these kittens were 8 weeks old at the

beginning of the experiments.

Methods

1. Cell growth and sub-cultures

ALt celtls growing in suspension culture were at a cell
density of 1 X 10%/ml in 3 ounce glass botties or 25 pmz plastic
flasks (Nunc) with 12 mt L-M medium and were sub~cultured every.
3~4 days. Seeding of these cells was restricted to tiving cells
which were indicated by using Trypan blue (1%) to stain the dead
cetls. In some cases where there was a high percentage of dead
cells, a Ficoll-Hypaque solution was uséd to remove these cells

from the culture. A volume of 15 ml of suspansion culture was

Layered gently on top of 20 ml of Ficoll—-Hypaque (Pharmacia) in a
50 ml centrifuge tube which was spun at 2000 rpm for 10 minutes.

The Live cells which collected in a band at the interface were -

removed, resuspended in 20 mb L-M medium and spun again at 1000

rpm for 10 minutes. The cells were finally resuspended in L=M
medjum at the appropriate density and were incubated at 37°-

To make sub—-cultures of FEA cells growing as monolayers in 8
cunce glass bhottles, the old medium was removed, the MOnoFayer
was washed with 5 ml of trypsin~versene prepared by adding 5 ml

D.01% trypsin to 20 ml 0.02% versene (EDTA). The washing was

repeated and then 1 ml of the trypsin—-versene solution was added




to the bottle which was incubated at 37 ¢ for 5 minutes. Then
the detached cells were suspended in medium, were carefully
dispersed and one~fourth of the cells was seeded in 12 mi E€FfC
medium in 8 ounce glass bottles. A mixture of 5% €05 in air was
added and the culture was incubated at 37°% Sub-cultures Qere

made twice a week.

2. Preparation of FelLV

Two FelV stocks were prepared by different methods. The
first method was to sead FeLV~A/fGlasgow=1 jnfected FEA cells in 9
cm plastic plates at a cell density of 6 X 102 per plate with 10
ml EFC2D medium and to harvest the culture fluid 3 days later.
The fluid was spun at 2000 rpm for 10 minutes and the supernatant
fluid was stored at =70° in volumes of 5 mL or 1 ml. The stock
prepared in this way had a titre of 1.8 X 102 focus inducing
units (FIU) per ml.

The second method was similar except that McCoy's 5a medium
with t0% FCS was used .and the cutture fluid was harvestéd 2 days
after seeding. The titre of this virus was 9.4 X 10% Fiu/mt
afterconcentration by ultrafiltration as described in détait-in

Chapter 7.
3. Assay of FelLV

a. One—stage assay

Five cm plates were seedsed with 3 X 10° cells of FEA/C81
mixture at a 10:1 ratio in 4 ml EFC., Twenty four hours later
each plate was inoculated with 1.0 mil of a virus dilution in EFC

with 4 ug/ml polybrene after removing the old medium. The cells
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were incubated at 379 for two hours and the inoculum was replaced
with 4 ml EFC. Three days after inocculation the medium was
replaced with & mt fresh EFC and the results were scored four
days Llater. Virus transformed ceil foci were counted

microscopically.

h. Two—stage assay

Clone 81 cells were seeded in 4 ml EFC containing 8 X 104
cells and were incubated at 37° 4pn 5% cop 1N air. After 24
hours dilutions of virus were made in EFC containing 4 ug/mi
polybrene (PB). The old culture medjum was removed and § ml of
diluted virus was added to each plate. The plates were incubated
at 379 for 90 minutes. The inoculum was then replaced with 4
mi EFC and the plates were reincubated. Three days Later the
medium was replaced with &4 ml EFC containing 1 X 10° FEA cells
and the plates were reincubated at 37%. Foci were counted
microscopically after a further 4 days. The number of foci in a
plate multiplied by the dilution factor gave the titre in fIU per
mi. The titre was usualty catlculated from counts of plates

containing about 20-30 foci.

4, Preaparation of MSV (FelV)

Five cm plastic plates were sceded with 8 X 10% c81 cells
per plate in 4 mL EFC and were. incubated at 37° in 5% C02-in
air. On the next day the plates were inoculated with 1 mi of
FeLV diluted in EFC containing &4 ug/mt PB. The plates were
incubated for 90 minutes at 37°  The inoculum was then replaced
with 4 ml EFC -and the plates were reincubated. |

Three days later the medium was removed and replaced with
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1 % 10° of FEA cells in 4 ml EFC. The plates were reincubsted at
379, Two days later the fiuid was harvested, centrifuged at
2000 rpm for 10 minutes and the fluid was stored 9n gtass'vials
in 0.2 ml volumes at -70°,

The titre of virus prepared by this procedure was 4 X 106
focus forming units (FiEU)!mL.

S. Assay of MSV (FeLV)

The method of Russell and Jarrett {1976) was fqllowed. In
the assay of MSV (FelLV-A) 3 X 10% cells chronically infected with
FelLlV-B were seeded in 4 mL EFL in S cm ptastic plates and were
incubated at 37°%. After 24 hours tenfold dilutions of MsV
(FelV) were made in EFC20 with & ug/ml P8. The old medium was
removed and 2. ml of each dilution was inocutated on to each
culture plate which was incubated overnight at 379, Next day
the medium was removed.and each infected culture was seeded with
1=1.2 X 10% FEA cells in 4 ml E€FC20 and the plates were
reincubated. After a funther 3 days the plates were stained with
0.54 crystal violet in 5% methanol and 104 formalin for 15
minutes. The plates were then washed in water, dfied and the
foci were counted macroscopically. The titre was expressed in

facus forming units (FFU)Y per mdi.

6. Isolation of FelV from plasma

Fel.V was isolated from heparinised plasma as described by
Jarrett et al (1982b), Cells were seeded at 4 X 107 cells.per
well in 24 well plastic cluster plates (Nunc) in 0.5 mL EFC with
4 ug/ml PB. The plates were incubated at 379 . for 24 hours., A

volume of 0.1 ml plasma was then added to each well and ihcuhated
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for 2 hours. The old medium with the inoculum was then repigced

with a fresh 1 ml of EFC medium, Three days later the mediQm_uas
removed and the inoculated culture was seeded with 1 X 105 FEA
cetts in 1 mL fresh EFC per well and reincubated. After 4 days
the welis were examined microscaopically for cell transformation
and were scored as positive or nzgative for FelLV.
7. FelV neutralisation test

To establish the presence of virus neutralising antibodies
to FebV~A in the sera of the cats used in the experiments, ghe
following assay was usad.uhich was a2 modification of the method
of Russell and Jarrett (1978s)., FEA cells infected with FeLV~B
were seeded at 4 X 105 ceils per well in 0.5 ml EFC20 with &
ug/ml PB in 24-well plastic plates and incubated at 379 HNext
day a volume of 50 ul serum diluted in L-15 containing 19% FCS
medium was mixed with an equal volume of MSV (FeLV~A) diluted
Wwith the same medium in 96'ueLL U-bottomed plastic plates. The
mixture was incubated at 37° for 90 minutes and 25 ul of each
reaction was then inmocutated into one well of the FEA/FelLV-B
cells. Next day the infected culture was seeded with 1T ml EFC20
¢ontaining 1 X 105 FEA cells per well after removing the old
medium. The plate was reincubated under the same conditions.
Three days Later the plates were stained with 0.5% crystal violet
as abave, washed with tap water, dried and the foci were counted,
Positive neutralisation was scored when the number of foci. was
reduced to less than 25% of the number in the virus control

Wwithout serum. Approximately 30 foci were present in the virus

control.




CHAPTER 2

CONDITIONS FOR PREPARATION OF FeLV FOR VACCINES

Introduction

To begin to prepare an effective vaccine an apprapriate
antigen should be identified and metheds for its production
establishad. Previous research workers used either Live whole
FeLV, inactivated whole FeLV, FelLV gp?0 or inactivated FelLV~-
infected cells (Jarrett et al, 1974; Olsend Lewis,{1981);Pedersener al
1979; Saterno et al, 1978). In each case the source of antigen
was FL74 lymphoblastoid cells or the FeLV of subgroups A, B8 and C
which is released by these cells. Some of the results were not
comptetely satisfactory for the reasons which were described
above and are discussed further in Chapter 11.

For the present series of experiments it was decided te
concentrate on FeLV of subgroup A as the antigen. There were two
main reasons for this choice. First, it appeared that FelLV-A
viruses are monotypic based on neutratiza-tion tests involving
19 individual isolates (Russell and Jarrett, 1978a) so that an
immune response induced by one isétate might be expected to be
effective against any other FelV=-A. Secondly, since the
horizontal transmission of FeLV-B and the appearance of FelLvV~(
are depandent on FelLV—-A (Jarrett and Russell, 1978; Russell and
Jarrett, 1978b) immunity to FebLV-A should also protect against
contact infection by viruses of the other twe subgroups.

The sources of FelLV=A which were considered were the
Lymphosarcoma suspension cell Lline, F422 (Rickard et al, 1969

and FEA monolayer cells chronically infected with FelLV-A/Glasgow—



1 Warrett 2t al, 1973). The advantage of F42Z cells is that

large guantities of viral particles are released which may-be
useful in providing sufficient antigenic mass tor vaccine
preparation. About 5 mé of viral protein is recovered from 1
titre of culture fluid (MNeiit, 1978). A possible disadvantage of
using these cells is that the virus which is released has a low
specific infectivity, compared to virus grown in monolayer
cultures. This may indicate a défect in F422 viral gp70 whiﬁh
may not be efficient as an immunocgen. In contrast, using
infected FEA cells has the advantage that FelLV released.from
these cells is more infectious and perhaps more'immunagenic, hut
at the same time has the disadvantage that therg is a low viral
mass {about 530 ug of.virat praotein in 1 litre of culture fluid).

The present chapter describes 3 experiments designed to
establish the optimum conditions for the growth of these .cells

and viruses before they were used in the preparation of vaccines.
Results

Experiment I: Optimum conditions for the production of F&22
cells and virus

F422 cells were grown in plastic flasks (25 cn?y 4p 5 ml of
L-Mmedium in each flask. Five different cell densities were
used with 2 flasks for each density. The densities were 3 X'fOS,
6 X 10°, 9 X 10°, 12 X 107 and 24 X 105‘5 per ml. The cultures
were incubated at 37° and culture samples were coLLected.at 24,
48, 72, 96 and 120 hours after seeding. The fluid was

centrifuged at 2000 rpm for 10.minutes and the supernatant was
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storad at -70° for FelLV assay later. At the same time s viable
cell count was made. The results of cell counts, virus titration
and ratio of infectivity per cell are shown in Tahle 2.1 and Ffig.
2.1.

From these results it is seen that the highestvirus titres
were inthe samples collected from the cultures seeded at a cetl
density of 12 X 105/mt, 24 and 72 hours after seeding
(5 X 10%FIy/mi). The highest cell count was in the sample
collected fram the culture at 24 X 105/ml, 120 hours after
seeding (1.0 X107/ml).  The highest ratio of virus to cell was
obtained from the celt culture seeded at 12 % 105/m{, 24

.

hours  after seeding (34 X 1073,

Experiment 2: Growth of F422 cells in different media and FCS
concentrations

The F422 cells were grown in 25 cm? ptastic fltasks with 10
ml of growth medium supplemented with FCS at 5%, 104 or 15%. Two
mediawere compared: L-M and RPMI 1640. Three 25 cmé plastic
. flasks were seeded with F422 cells at a density of. 7 X 1USImL 0
10ml L-M medium. Each flask contained 5%, 104 or 15% FCS.
Anaother 35 flasks were set up in the same manher using RPMI 1640
medium, but in this case all flasks were gassed with 5% 002 in
air before incubation. Subsequently, 24, 48, 72 and 96 hours
later, the cell concentration in each culture was determined by
taking two 0.5 ml voiumes from each flask, dispersing the cells
and mixing 0.1 ml with an equal volume of 1% trypan blue for cell
counting. Culture fluids were collected from all the flasks 72

hours after seeding, centrifuged at 2000 rpm for 10 minutes and
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IABLE 2.1

Optimum conditions for the growth of 422 cells and virus

Starting .cell Time after seeding (hours)
concentration 24 48 712 96 126
3 X 10° cells 3.8 4.4 6,6 10,2 9.8
virus 0.2 0.6 0.8 0.3 0.2
vic 6 14 12 3 2
6 X 10° cells 7.8 10.2 16.8 22.7 27.3
virus 2.5 .9 2.5 2.0 1.3
vic 32 18 14 9 5
9 X 10° cells 11.0 14.8 27.2 35.2  32.6
virus 3.0 3.0 2.5 2.0 1.0
vic 29 20 9 6 3
1.2 X 106 cells 14.6 19.2 36.3 45.3 57.2
virus 5.0 4.5 5.0 2.0 2.5
vie 34 23 14 4 4
2.4 X 10° cells 28.0 35.2 77.1 97.8 107.8
virus 4.5 3.8 4,5 4.3 3.8
vic 15 11 6 4 4
Cells: X 107 cells per ml

Virus: X 10% FIU per ml

Virus/cell ratio : X 107
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the 'supernatant fluid was stored at -70° -before being assayed

for Fel.V.

The results of cell counts and virus titrations for all 6
cuttures are shown in Table 2.2. |

The results obhtained from this experiment indicated that L=M
medium with 15% FCS was better than RPMI 1640 medium-for both
cell growth and virus production. The highest c¢ell count was in
the sample coltected from the L-M culture with 15% FCS,-96hcurs
after segeding and the highest virus fitre wWwas obtained from. the

same sample.

Experiment 3: Conditions for the optimum growth of FEA/FelV=A
cells and virus

Eight 5 cm plastic plates were seeded with Felv-A infeﬁted
FEA cells at 3 X 10° cells per plate in & ml EFC medium and were
incubated at 37% 4n 5% €0, in air. After 24 hours culture fluid
samples were ﬁoLlected and cells counted from the first 2 platés.
_ These samples were centrifuged at 2000 rpm for 10 minutes and
storad at -70P. This process was repeated after 48, 72 and.96
hours using 2 plates each time. The stored culture fluid samples
were assayed for FelLV,

The second part of the experiment was done in the same way
except that media for all plates was changed daily. In the third
part of the experiment cell counts and collection of cuttgre
fluid were done 72 and 96 hours after seeding and the mediumhuas
changed every other day.

Cell counts and results of virus titrations of atl 3 parts

of the experiment are shown in Fig. 2.2 and Tabte 2.3. . From
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TABLE 2.2

Growth of F422 cells and virus in different media

Medium FCS Cell count at (hours)®: Virus® (FIU/ml)

(%) | 24 48 72 96

LM s |1i.0 20.0 29.0 30.8 1.2 X 10°
10 [ 12.4  20.8  30.5 42.1 2.3 X 10°
15 | 14.1  20.2  37.2  46.0 2.2 X 10°
RPMI 5 113.1 20.7 21.8 25.5 0.7 X 10°

19 11a.0 17.3  23.4 29.2 1.7 X 10°

15 | 13.5 23.1 28,5 32.5° 2.0 X 10°

a Cells X 105

b Virus sampled -at 72 hours.
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TABLE 2.3

Growth of FEA/Fel.V~-A cells and virus

Canditions of

Time after seeding (hours)

medium 24 48 72 96
Continuous cells 6.8 14.3 16.9 21.7
virus 4.5 5.1 4.1 3.0
v:C 65 36 24 14
Changed cells - 16.6 29,3 29,6
daily virus - 5.8 7.1 B.6
V:C - 34 29 29
Changed cells - - 35.7 34.9
every other virus - - 6.4 5.1
day V:C - - 18 15

CELLS: X 10°
4

VIRUS: X 107 FIU per ml

VIRUS:CELLS, * X10™°




these results, the highest cell count and virus titre ueré foundg
in samptes collected 96 hours after seeding in the cuttufeé-in
which madium was changed daily ¢8.6 X 10% FIU/mL) and the highest .
cell count was in the 72 hour cutlture in medium changed every 2
days (3.6 X 106). The greatest ratio of infectious virus per

cell was in the sample collected 24 hours after. seeding (65 X-1D*j).

Discussion

Three types of experiments were done to select the best.way
of obtaining good quantity and quality of cells and virus which
might be usz2d for FelV vaccine production. The quantity of virus
in a cell culture is obviously important for vaccine preparation
because an inactivated vaccine must contain sufficient antigenic
mass to immunise. However, the quality df the virus. may be
equally important. With retrbViruses, the antigenic determinants
of the gp70 are crucial in immunity. Although it is not knognl%f
the antigenicity, or immunogenicity, of the gp70 of FeLV declines
éfter the virus is produced from the surface of the cell, there
is evidence from slectron microscopy that the envelope spikes
which are composed of gp?0, are prominent when the virus is first
produced but become lLess obvious as the viral pa?tiﬁte matures
{Laird and Jarrett, personal communication). - The infecfivi?ffof
the virus also dectines. This may indicate also a toégfof
antigenic structurc. Therefore, in these exper%ments it was
considered that the amount of infectious vihu§-produced9by the

cells might be an important indicator of its immunogenicity, .and
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that the ratio of cells to virus in a culture might give a guide
to the efficiency of the cell culture.

In the first experiment it was found that F422 cells grow at
the sama rate for each starting concentration (Fig. 2.1} and that
in the range of starting concentrations betwesn 3 X }Os.and 1.2 X
109 celts per .ml there was a reasonable correlation at all
sampling times between the concentration of cells and the amount
of iJnfectious virus in the culture fluid. However, with
increésing time the amount of virus per cell declined which
probably reflects a decrease in the production of virus with time
as «w2ll as increasing activation of virus due, perhaps, to the
action of proteases and nucleases feleased from the celts. This
cxperiment also showed that in all cultures within the range.
6 X 10° to 2.4 X 105, the highest ratio of virus to cells was at
24 hours after seeding. This probably is because a higher
proportion of the cells are in mitosis during this intitial
period comparad to later times and it is known that FeLV 1is
produced by the cells principally during mitosis (Toth, 1980).
Thus the main conclusion from these results was that the optimum
conditions for producing virus from £422 cells were to seed ‘the
cells at 1.2 X 10° ceils per ml and harvest the fluid after 24
hours. This would appear to be the most economical way of
producing a Llarge amount of wvirus, since the virus +ts of
relatively high infectivity and it is, therefore, most likely to
be antigenically active.

In the second experiment the aim was to find if RPMI-1640

medium was adequate for growing F422 cells compared to L~M




medium. RPMI-1640 is5 widely used far the groufh of suspansion
cultures of Leukaemic cells (Creemars ¢t al, 1978) and is less
expensive than L-M medium which is a major consideration in
vaccine production. The first conclusion of this experiment weas
that, with each medium, increasing FCS concantration gave better
growth presumably by supplying greater quantities of essential
growth factors. Secondly, it was found that FéZZ cells grew
reasonably well in RPMI-1640 but not as well as in L-M medium.
For example a concentration of 15% FCS was required with RPMI~
1640 to give the same growth rate as L-M with 5% serum. Thirdly,
in general, virus production was better in L=M than in RPHI and
the amount of virus harvested at 72 hours increasgd with
increasing FCS concentration. The main conclusion was that L-M
with 10 or 15% FCS should be used for F422 virus production.

In the third experiment ‘involving a monolayer of FEA cells
infected with FelLV~A the results of the first part in which the
cells were grown without medium change indicated that the initial
increase in cell growth slowed after 48 hours, perhaps due to
exhaustion of nutrients and growth factors in the medium, since
cells in cultures in which the medium was changed daily continued
toe increase in number. In this case the cell numbers reached a
plateau after 72 hours. The continued stimulus of medium changes
appeared to lead to the production of targe amounts of virus and
the virus:zcell ratio did not aLtér much from 48ﬁ§6 hours. It
appeared, therefore, from this experiment that in continuous
medium, the rate of inactivation of virus was balanced by rate of
production. In cultures in which the medium was changed daily,

there was a higher rate of virus production, or Lower rate of
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inactivation, perhaps due to removal of proteases and nucleases.

fFinally in the third part of this experiment in which the
medium was changed two days after seeding, the cell counts and
infectious virus as welt as the virus:cell ratio were essentially
the same at 72 and 96 hours. In spite of the rapid increase in
cell numbers between 48 and 72 hours in these cultures, the cells
quickly became confluent and there was not a corresponding
increase in the production of virus. Alsc the ratia of cells to
infectious virus remained rather low compared to cultures in
which there was continuing growth of celis.

The conclusion of this experiment was that, as fof F422
cells, the highest virussicell ratio is at 24-48 hours. Thus it
is Llikely that virus harvested at 24-48 hours after subculture is

of good antigznicity.




CHAPTER 3

INACTIVATION QF FelV PSEUDQTYPES OF MURINE SARCOMA VIRUS

Introduction

The aims of this study were to gain infermation on.the
inactivation of FelLV by several chemical agents, and to examine
the binding of virus to the adjuvant, AL(OH)z 98t. .

The 4nitial choice of virus for studies.on inacfivation of
FelLV was not FelV itself but MSV (FelV)., These pseudotype
viruses have heen widely used in studies on FelV because‘thgy‘can
be obtained with particular FelLV envelope antigsns (Fischinger
and 0'Connor, 1969) and so can be used in FelV subgrouping using
interference tests (Sarma and Log, 1973), in determining the hést'
range of FeLV strains (Fischinger and 0'Conneor, 1970; Jarrettﬁgg
al, 1973) and in detecting and titrating virus neufraLiSﬁng
antibodies (Sarmad Log, 1973; Russell and Jarrett, 1978a). This
wide range of uses of MSVl(FeLV) is mainly because the virus can
be assayed more =asily and with greater -precision than FeLV
(Russell and Jarrett, 1974). In this study, inactivation of MSv
(Fel.V) rather than FelLV was used for these reasons and also
because the M5V (FelLV) assay can be read macroscopically-aftér 4
days (Russell and Jarrett, 1976) while thé FelV assay takes &-7
days and has to be read microscopically Warpett gz.ggv19625).

It is very Llikely, however, that the dnactivation kinetics
of MSV (FelLV) and FelLV are very similar since the envelope of. the
pseudotype virus is identical to that of FelLV and should react':in

the same way with proteotropic inactivating agents. Also, the

RNA genomes of the two viruses are simitar in size and would be




expected to have similar responses to nucleotropic inactivating
agents.

The reasons for the choice of paraformaldehyde (PF), PF and
glutaraldehyde (GA) together (PF + GA), acectylethyleneimine
(AEI), and 2, 2-dithiobis, S-nitropyridine (PTNP) as inactivating
agents were as foltows. PF was used previouslyby Jarrettetal
(1975) with success in inactivating FL74 cells for use as a
cebluiar vaccine against FelV. PF + GA is widely used as a
fixative in electron microscopy and gives good marpholegical
preservation of the envelope spikes of FelLV (Laird et al, 1967,
so it might be expected also to preserve antigenicity. The
action of DTNP is to stabilise disulphide bonds between proteins
and in particular has been shown to cross~Link retroviral gp70
and p15E (Pinter &Fleissner, 1971.. This actionmight-have advantages
in the preparation of a FelV vaccine in two ways. First, it
might preserve the structure of gp?0 on the viral envelope since
it is anchored by the p15E dinto the Llipid of the envelope

{(Bolognesi et al, 1978). Secondly, it might prevent the

breakdown of the envelope and release of pi5E which may be
immunosuppressive (Olsen et al, 1980) and act against effective
immunisation. AEL has been used successfully for foot-and-mouth
disease virus vaccines (Brown et al, 1963b; Graves and
Arlinghaus, 19267; Wild and Brown, 1968; Doslt and Baccarinit,
1981). AEIL and the other imines mainly react with the viral
nucteic acid. |

The second aim of the experiments described in this chapter

was to determine the adsorption of MSV (FeLV) to AL(OH)3 gel.

It was decided to use this substance as an adjuvant because of
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its capacity to delay the release of the antigen from the site
of injection. This adjuvant has been used previously in FelLV
vaccines by Jarrett ot al (1974, 1975) and by Pedersen g L

(1979,

Materials and Methods

I. Preparation of M5V (FetV-A/Glasgow-1)

A FelLV pseudotype of MSV was obtained by rescuz of MSV from
81 cells after superinfection with FelLV. In the initial
experiment, eight 5 cm plastic plates were seeded with €81 cells
at 8 X 10% cells in 4 ml EFC per plate and were incubated at 37°
in 5% €05 in air. Twenty four hours later the cells were
inoculated with ¥ ml of FeLV in EFC containing & ug/ml PB and
incubated for 20 minutes. The inoculum was then replaced with 4
mi EFC medium and the plates were reincubated at 37° Samples of
culture fluid were collected 24, 48, 72 and 96 hours after
inocutation and stored at -70% These samples were titrated as
described above-and the highest MSV (FelV) titre obtained was
found to be in the sample collected 72 hours after inoculation
(1.30 X 10° FFU/ml) as shown in Table 3.1. Feor the preparation
of a stock of virus, C81 cetls were infected with FelV as above
and after 72 hours when MSV (FeLV) production was maximal, the
medium was replaced with &4 mL EFC containing 1 X 10° FEA cells
per plate and the culture fluid was harvested 2 days later when
transformation involved all the cells. In this case the titre

obtained was 4 X 106 FFU/mL.
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TABLE 3.1

Releage of SV (Fel.V) from FelV-infected C81 cells

Time after MSV (FeLV) titre
infection {hours) (FFU/ml>




2. MSV (FeLV) ‘inactivation.
(a) Inactivation of MSV (FeLV) with PF

A stock solution of & % PF was made as follows. Two grammes
of paraformaldehyde powder (8DH) was suspended in 20 ml__--"'o'f
distilled water and heated to 60° with stirring. The temperature
was maintained at 60° and 0.1 N NaOH solution was édded drop. by
drop with stirring unt¥l the solution became clear. The solution
was then removed from. the heat and 30 m{ of - D.25M phosphate
buffer (pH 7.2) and 425 mg of NaCl was added. Whén this was
dissolved the solution was filtered, cooled and stored at 49. ’

In the inactivation experiment MSVY (FelLV) wa§ treated with
0.1, 0.05 or 0.Q1% PF by adding 100 ul of either 1%, 0.5% or
0.1% PF, made from the stock sotution, to 1 ml MSVY (FelLV) 1in
glass botties. A volume of 100 ul of L~15 medium was added to 1
mlL MSV (FelV) as_a virus control. The experiment was incubated
at room temperature for 24 hours. Samples of 150 ui were
collectec from all reactions immediately after addition of PF -and
at intervals of 3, 6, 12 and 24 hours later. These samples,
including the virus control, were treated with 15 ul of 20X
sodium thiosulphate for 30 minutes at room temperature to
neutralize the action of PF and were stored-at -70°  The
residual infectivity of these samples was assayed as described

above.

(b) Inactivation of MSV (FelLV) with PF and Glutaraldehyde
A mixture of paraformaldehyde (PF) and:gfutaﬁéldehyde (6AY
prepared as 1.3% PF and 1.6% GA in 0.1 M sodium phliosphate buffer,

pH 7.2, was used in different concentrations (0.5%, 0.1%, 0.02%.
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or 0.004%) to tnactivate the virus. MSV (FeLV) inactivation -was
carried out by adding 0.1 ml of a 10 X concentrated solution to 1
ml of virus and incubating the mixture at room temperature for .24
hours. Samplgs of 150 ul of each reaction at 0, 3, 6 and 24
hours were collected and kept at -70% until assayed later for

viral infectivity.

Cc) Inactivation of MSV (FelV) with AEI

in this case the inactivation procedure was similar to that
used in the first experiments except AEI concentrations of 0.5,
0.1, 002 or 0.004% were used and after each sample was collected
it was nzutralised by the addition of a one~tenth volume of..20%
sodium thiosulphate and incubsation at room temperature for 30
minutes. The samples were then stored at -70° and assayed as

before.

(d) Treatment of MSV (FeLV) with DTNP in DMSO

One hundred mlL of MSV (FelLV) was concentrated tenfold by
ammonium sulphate precipitation and ultracentrifugation as
describzad in Chapter 1. The virus was petletted in the SW50.1
rotor at 30,000 rpm for 60 minutes, resuspended in L-15 medium
and divided into 3 volumes of 150 ul, To the first aliquot 15 ul
of DMSO was added. To the second aliquot 15 ul of 0.2% DTNR " in
DMSO was added, incubated at room temperature for 15 minutes and
stored at ~70° for assay. The third volume of concentrated MSV.
(FeLV) was also stored at ~700 after 15 minutes at room

temperature as a virus control.

3. Adsorption of MSV (FelV) to AL(OH)z
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Two typos of AL(OH)z Were available: the first was obtained
by courtesy of Wellcome Research Laboratories (WRL) and the
second was purchased from Superfos (§F). Each contained AL(OH)3
at a concentration of 2%. To compare the absorption abilitysdf
each for MSV (FeLV) the following experiment was carried out.

First, the pH of the AL(OH)3 atone and diluted 1:10 in L-M
medium was determined to ensure that it was within thé
physiological range. The pH of each was found to within the
range 7.4=7.6 which is simjlar to that of L= medium. 1In the
absorption experiment, 0.6 mL containing 2.4 X 108 FFU MSY (FelV)
was dituted with 5.4 ml of L-M medium. Then 0.2 aml of each type
of ALQH); was added to 2 ml of diluted virus. A volume of 0.2
mlL PBS was added to 2 mt of the diluted virus as a virus control.
The mixtures were incubated at 4° for 16 hours and were then spun
at 6000 rpm for 20 minutes. Samples of 0.5 ml were taken fraom
the supernatant fluid and assayed for MSV (EeLV) residuat

infectivitye.

Results

Kfnetics of inactivation of MSV (FeLV)

a. PF: The results of inactivation of MSV (FelV) with PF are
shown in Table 3.2. There was complete inactivation with PF
concentrations of 0,14 and 0.05% at all times, while the virus
control titres in the same period dropped only slightly from 1.5
X 10% FFU/mb to 7.7 X 10% FFU/mi. The virus titre of MSV (FelV)
inactivated with 0.01% PF in the same interval decreased from 6.4
X 10% FRU/mL to 4.3 X 107 FFU/mL,

b. PF + GA: In this case there was caomplete inactivation in all
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TABLE 3.2

Inactivation of MSV (FeLV) with paraformaldehyde

Concentraticn Virus Titre (FFU/ml) at hours:
%) 0 3 6 12 24

A o Sl Bl At A AP S D D Bl S e Al Sl sl ekl Sk e o g, e oy e e e Sy P Y A AT Y P B WU A M ks ol AL Bl A Al o ik ok b b o o . ok v P B P

0.1 q 0 0 0 0
0.08 Q 9 0 0 3
6.0 6.4 X 10% 2.6 X 0% 2.6 X 103 4.3 X 103 4.3 X 107

None 1.5 X 10° 1.0 x 10° 8.2 X 10% 9.0 x 10% 7.7 x 10% -




samples at each time point as shown in Table 3.3, In contrast
the decrease in the titre of each sample of the virus control-was
from 5.1 X 107 FIU/mL to 2.4 X 102 FIU/mL in 24 hours. |

c. AEI: The results of AEL inactivation are shown in Table 3:.4.
There was complete inactivation by 0.5% AEI at all interv_.ats__ and
using 0.1% AEI for 24 hours.

d. DTNP + DMSO: As shown in Table 3.5, there was incomplete-
inactivation of MSV (FeLV) either by using DMSO alone orgbfﬁﬁ
0.2%) in DMSO. There Wwas, however, an cbvious difference in
titre between the virus cexposed to DMSO alone (1.0 X 10% FEU/mL)
and the virus inactivated with DTNP in DMSO (6.4 X 102 FFU/mL)
comparad to the virus control titre ( 6.1 X j04 FFU/mL), thgs a
slight inactivating action of DTNP was indicated.

e. Adsorption of MSV (FelLV) to ALOHg: The results shown in
Table 3.6 indicated that the absorptive capacity of both AL(OH)3
types were approximately similar. There was an obvious
difference in MSV (FelV) adsorbed to ALOK); compared with pgé{gs
control. The titre of residual MSV (FelLV) after exposure to
ALLOHY; was 4 X 102 FFU/mL in contrast with the virus controt
titre which was 1.6 X 10° FFU/ml, indicating that the absorption

capacity of the adjuvant was approximately 75%.

Discussion

As shown in Table 3.2 the degree of inactivation of
untreated MSY (FelV) over a2 24 hour period was relatively smatl,
decreasing to about 50% of the original titre. By .contrast,

inactivation of 5 logs of MSV (FelV) was complete at PF




TABLE 3.3

Inactivation of MSV{(FclLV) with paraformaldehyde and glutaraldehyde

Concentration Virus titre (FFU/ml) at hours
%) a 3 6 24
0.5 0 0 0 g
g.1 0 0 0 0
0.02 a 0 0 Q
0.004 0 0 0 0

None 5.1 x 103 3.5 x 10° 3.8 x 103 2.4 X 10°

—— o




TABLE 3.4

Iractivation of MSV(FelV) with acetylethylenzimine

‘Concentration Virus titre (FFU/ml) at hours;
%) 0 3 6 24
0.5 0 0 0 0
0.1 3.2 X 10° 3.2 x 10 3.2 x 10° 0
0.02 7.3 X 10¢ 9.6 X 10° 6.4 X 102 2.4 x 10°
0.004 8.8 x 102 6.4 x 102 3.2 X 102 5.6 x 10°

None 9.6 X 10% 6.4 X 10% 3.2 X 10° 3.2 X 10°




TABLE 3.5

Inactivation of MSV({felV) with DTHP

Treatment Virus Titre (FFU/ml)
DTNP + DMSO 6.4 X 102
BMSO alone 1.0 X 104

None 6.2 X 10%




TABLE 3.6

Adsorption of MSV(FeLV) to ALCOH)3

AL(CH) ; type Unabsarbed virus (FFU/mL)
WRL 4,0 X 102
Superfos 4.0 % 102

None (PBS) 1.6 X 107




concentrations of 0.17% and (.0%%. There was partial inactivation
by PF at 0.01% to one~quarter of the starting titre. In this
case therc was an initial reduction of infectivity over & hours
but the rate of imactivation subsequently dacreased.

The second experiment, the results of which are in Table
3.3, showed that glut.araldehyde had an enhancing -effect on PF in
inactivating MSV (FeLV) since even at very low concentrations
(0.004%) and at the startihg time, no infectious virus was
recovered from the reaction.

By contrast, the third inactivation experiment where four
different concentrations of AEI were used, the result was that
onty 0.5% AEI had the ability to completely inactivéte virus at
all intervals. At 0.1% there was only slight inactivation
initially and 3 Logs of virus were inactivated by 24 hours.  In
this case, the minimum AEI concentration which should be used in
virus activation is 0.5%.

In the last experiment of inactivation in which DTNP and
DMSO were used for a shart period, the result was that there "was
incomptete inactivation of MSVY (FelLV). However, there was an
cbvious difference in the virus titres hetween inactivation?uith
DMSO + DTNP and with DMSQ alone, which indicated an inactivating
action of DTNP on the virus (Table 3.5). The reason for
inactivation of virus by DTNP is not c¢lear but may be due to the
effect of the agent in stabilising the structure of the viral
envelope so that the entry of the virus into susceptible cells' is
inhibited. For use in the vaccine experiments descfﬁbed_in
Chapter 4 it was considered that additional inac:;ivation.'.'wi-fh""PF

was required to ensure the safety of the vaccine.




The Llast experiment described in this chapter was to

determine the absorptive capacity of two types of an AL(‘OH)3
adjuvant. The results of this experiment indicated that there
was similar abscorption of MSV (FeLV) by both types of AL(OH)3
(Table 3.6). 1t should be noted that only unabsorbed virus

remaining in the supernatant fluid was assayed and not the virus
presumably-attached to the ALOMHIz=

In the formutation of commercial vaccines it would be of
interest to find if & greater concentration of AL(OH)z absorbad
moere virus and whether virus could bz recovered from the gel for
assay.

The general conclusions from these experiments were that to
inactivate MSV (FelLV) under the conditions used, PF should be
used at 0.05%, PF and GA at 0.04% (or Lless) and AEI at 0.5%.
DTNP treatment should be supplemented with treatment of virus
with an inactivating agent.

There seemed to be Llittle difference in the absorptive

capacities of the two types of AL(OH)3-
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CHAPTER 4

VACCINATION EXPERIMENT 1: COMPARISON OF INACTIVATING AGENTS

INTRODUCTZION

for reasons discussed in the Introduction and in Chapter 2
it was proposed to attempt to use inactivated FelLV -preparations
as vaccines. Chemical inactivating agents were chosen because in
general these have been most successful in previous inactivated
viral vaccines. The chemical agents used in the experiments
described herz were paraformaldehyde as a representative of the
aldehydes which react mainly with both nucleic acids and proteins
of viruses and produce cross-~Linking within the nucleic acid and
between the nucleic ac¢id and any adjacent-protefn, and AEI which
is a highly reactive nucleotropic chemical. In addition, DTNP
together with PF was used. The inactivation of MSV (FeLV) by
these agents is described in Chapter 3 and as far as possible the
conditions which proved sufficient to inactivate MSV (FelLV) at
the minimum concentration of the chemical were usad here to
inactivate FeLV.

The FeLV-A virus produced by F422 was used as a source of
antigen. Two concentrations of antigen were used which
corresponded to unconcentrated virus from the culture harvests,
and virus concentrated tenfold.

The adjuvants which were used were At(OH)3 together with
saponin. In retrospect, the choice of saponin was not completely
satisfactory. Experiments described in Chapter 7 showed that
sapohin was probably not as efficient as an oil adjuviant.

However, at the time when this study began, saponin was being
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used experimentally with some success in vaccines against foot-
and-mouth disease virus (DPalsgaard et al, 1977) and it was
believed that it might be useful in a vaccine for cats since it
is soluble in water, would be easy to incorporate into a vaceine
and would be easy to administer to cats.

Two doses of vaccine were inoculated with an dinterval of 3
weeks between doses, Cats were monitored for FeLV viraemia
before cach vaccination, before challenge and at intervals after
challenge. Because of the age resistance to FelV which develops
in cats by about 16 weeks of age (Hoover et al, 19?§) it was
caonsidered necessary to complete vaccination and challenge within
this period. Hence cats Were vaccinated when 8 and i1 weeks .old
and were chalienged when 13 weeks of age. While it was believed
that this protocol would produce a situation in which all of the
unvaccinated cats could be made persistently viraemic following
an appropriate challenge dose, it was recognised that vaccination
of such young kittens might not give an optimum immune response.
In practice, 1in natural conditions, vaccination might be detgygd
up to 12 weeks of age. Vaccination at this z2ge would also almost
certainly avoid interference by maternal antibodies (Hoover et
at, 1977; Jarrett et al, 1977 ).

-Challenge was by administration of felV into the nose and
mouth. This route of administration was used in order to
simulate natural transmission. Hoover et al (1977a) showed -that
kittens could be successfully infected with FelLV by intranasatl
instillation and subsequently developed tymphosarcoma. More

recently Jarrett et al (1982a)used oronasal infection. and
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produced persistent infections - in all of the 8~week old kittens

infected, but only in about half of thé 16-week old animals.

In the vaccination'experimeﬁts described in this and Léfer
chapters, the kittens were monitored after challenge for FelLV
viraemia and FeLV neutralising antibodies. Samples were taken 3
weeks after challenge since it has been shown that this is the
time when a transient viraemia waould be most Llikely fo be
detected (arrett et al, 1982a). Further samples were taken 6 and
2 weeks after challienge to test for the development of a

persistent infection.

MATERIALS AND METHODS

Seven types of inactivated FelV vaccine were produced using
3 different inactivating agents either alone or in combination.

A control vaccine preparation was also made.

Vaccine Al: PF (1)

One hundred wml of FeLV was collected from F422 cell
cuttures 48 hours after seeding with 1.2 x 106 cells per mi in L-
M medium. The fluid was spun at 2000 rpm for 20 minutes and the
supernatant was stored at -70% When required the medium was
thawed and inactivated with 0.5% PF at room temperature for 24
hours. A one-tenth volume of 20% sodium thiosulphate was added
for 30 minutes at room temperature. Then two 0.5 mi samples-were
taken and stored at -70° for assays of viralinfectivity.:ﬁen
ml of this preparation was taken and mixed with 1 ml of ALCOH) 5,
kept at 4% overnight and spun at 3000 rpm for*}O'minutes,a-Thg

sediment wWas resuspended in 4 ml PBS and 4 ml of saponin
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conteining 12 mg of the active ingredient was added to give a
final volume of 8 ml. Four mi was used immediately white the
other 4 mi was kept at 4°© until used as the second dose of

vaccine,

Vaccine A2: PF (10)

The remainder of the FelLV which was inactivated in the first
step of the preparation of vaccine A1 was precipitated with SAS
and concentrated as described above. Then 0.9 ml of AL(OHJ3 was
added to 9 mbL of the concentrated antigzn, incubated .at 4°
overnight, spun at 3000 rpm for 30 minutes and the sediment
resuspendad in 4 ml PBS. Four ml of saponin containing 12 mg was
added and 4 ml of this vaccine was used as vaccine, while another
4 ml was kept at 4% until used for a boosting dose in the same

cats, 3 weeks Llater.

Vaccine A3: AEI (1)

Fifty mL of FeLV which had been collected from F422 cell
gulture 48 hours after seeding at 12 X 10°/ml ih L-Mmedium was
spun at 2000 rpm for 20 minutes and the supernatant was stored at
~75°.  When required, the fluid was thawed and inactivated with
0.2% AEI for 24 hours at room temperature. The AEI was theﬁ
neutralised by the addition of a one~tenth volume of 20% sodium-
thiosulphate and incubation: for 30 minutes at room temperature.
The virus was then concentrated by adding an equal volume of SAS.

The suspension was incubated for 30 minutes at 49 ang was

then spun at 3000 rpm for 30 minutes. The sediment was

resuspended in 10 ml PBS and was layered into an SW41 centrifuge




tube containing 1T mt of 50% sucrose and 2 ml 20X sucrose, The

tube was centrifuged at 40,000 rpm for 1 hour and the virus band
which formed between the sucrose Llayers was recovered in 0.5 mt
by puncturing the bottom of the tubs. Sucrose was removed by
passing the virus through a Pharmacia PD10 column containing
Sephadex G25. The final volume was 2 ml in PBS.

To prepare tha vaccine, 0.2 ml of this final preparation was
added to 1.8 mL PBS. A volume of 0.2 ml of M(OH)3 Was added and
the mixture was incubatad overnight at 4°. Two ml of saponin
containing & mg of active ingredient was then added, s¢ that the

final volume was & ml.

Vaccine A4: AEI (10)

The remainder of the inactivated and concentrated FelV in
the first experiment (1.8 ml) was used to prepare the AEI X 10
vaccine by adding 0.2 ml of AL(OH)3’ incubating at 4° overnight
and then adding 2 mi of saponin. The booster doeses for both
vaccines A3 and A4 were prepared in the same way as the first

doses, but on a separate occasion.

Vaccine AS: DTNP/PF (1)

A volume of 100 mlL FeLV which had been prepared and stored
as in the previous experiments was thawed and precipitated with
SAS and concentrated as described above, The virus was recovered
in 2 mt PBS. Of this,i00 ul was added to 0.9 mt L-M medium and
was stored at =70° gas two 0.5 ml volumes. In addition, two 0.5
ml samples were collected before SAS precipitation and stored at

-70°, Inactivation was done by adding 0.2 mL of 0.2% DTNP-in

DM to the concentrated antigen (2 ml) and incubation at raom




temperature for 30 minutes. Then 100 ul of inactivated virus was
added to 0.9 ml L-M medium and stored at -709 as two 0.5 mt
volumes for assay of residual infectivity. The remainder of the
DTNP treated virus was diluted to 10 ml with PBS and was
inactivated with 0.5% PF by adding 1.25 ml of 4% PF and
incubating at room temparature for 24 hours. Then 1.1 ml of 20%
sodium thiosuLpHate Qas added for 30 minutes at room temperature.
A volume of 0.8 ml of the final material (12 ml) was added to 7.2
mL PBS to make 8 ml of X1 antigen concentration, wWhile the
remaining volume (11.2 ml) was used as the X10 antigen., "To
prepare vaccine A5, 0.3 ml of AL(OH)g Was added to the 3 ml of
the X1 and incubated at 49 overnight. Then 1 mt of sapoenin
containing 12 mg was added to form the final formutation of the

vaccine as 9 mlL which was used to vaccinate and boost the cats.

Vaccine Aé: DINP/PF (10D

This vaccine was prepared by addding 0.8 ml of AL(OH)3 to 8
ml of X10 inactivated antigen, incubating at 4° overnight and
then adding 1 ml of saponin containing 12 mg of the active
ingredient. The final vaccine (A6) was used 1o vaccinaté and
boost the cats. One ml of X10 inactivated antigen was added-to 1
ml of L-¥ medium before addition of the adjuvants and was stored
at =70°% as two 0.5 miL lots to assay the viral residual

infectivity.

Vaccine A7: F422 cells
F422 cells were grown at 12 X 105/mL in 100 ml L-M medium

and collected 48 hours after seeding by spinning the culture
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fiuid at 1000 rpm for 10 minutes. The cells were washed tWwice

with PBS by repeating the spinning and resuspension at room
temperature and were finally resuspended in 50 ml of cold PBS.
An equal volume of 0.1% PF was added drop by drop with constant
stirring at 4% The cells Qere incubated for 24 hours, washed 3
times with PBS at 4%, counted and resuspended in 2 ml of PBS.
Six ul of this cell suspension was taken as a sample for assaying
of FelV infectivity and 0.2 ml of ALOW); yas added te the
remaining cell suspension and incubated at 4° for 3 hours. Two
mt of saponin containing é mg of the active ingredient was added
to prepare the final vaccine. Each ml containad 3.5 X 10% cells.
The booster dose was prepared in the same way. The infectibity
of the inactivated cells sample was checked as follows. The cell
sampie was washed once with EFC, resuspended in 2 mt of EFC
medium and T ml was inoculated into two of twelve, 5 cm plastic
ptates which had been seeded 24 hours previously with FEA/CSE1
cells at a ratio of 10:1 in & ml EFC medium., Of the other 10
plates, 2 were used for a cellbt control while 8 were used to
inoculate 4, tenfold dilutions of freshly prepared fF422 cells in
L=15 with 10% FCS with 2 plates for each dilutijon. Three days
later the medium was changed and after a furtﬁer & days the cells
were ghecked microscopically for transformation. There was no
cell transfarmation in the cell controil plates or in the plates
inoculated with the inactivated F422 cells. In contrast, cell
transformation cccurred in all plates inoculated with freshly
prepared F&422 cells which indicated that PF treated F422 cells

were completely inactivated.
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Control Vaccine A8

This "vaccine” was prepared by treating 10-mlL L~M medium
with 0.2% AEI for 24 hours at room temperature. The AéI was then
neutralised by adding qhe%ténth of the volume of 20% sodium
thiosulphate. The mixture was incubated for 30 minutes.: A
volume of 1 ml of ALCOW); a5 added and incubated at 4°
overnight. The mixture was then spun at 6000 rpm for 20 minutes
and the sediment was resuspended in 4 mlL PBS. Four ml of
sapenin, containing 12 mg of the active ingredient was added.

Part of this preparation was used to inoculate cats and the

remainder (4 ml) was kept at 4% until used for a second

inaculation, 3 weeks Later.

Animal Experiments
Thirty-two SPF cats were obtained when 8 weeks of age.

These cats were randomised and arranged 9n 8 groups of & cats.

Each group was inoculated with one of the seven kinds of vaccine

or the centrol vaccine. Vaccine was given by subcutaneous’

injection of 1 ml of vaccine in the interscapular region of the
neck. The booster doses were given in the same way, 3 weeks
tater. The FelV challenge was done by administration of 1 ml of
fFalLV containing 8.5 X 10% infectious-partiéles oronasalty to_all
cats including control vaccine cats 2 weeks after the Second:dose
of the vaccines. A volume of 0.25 was given jnto each nostril
and the remainder given by mouth. Blood samples (2 ml: 1 mi
clotted blood for serum and 1 ml in Uithium heparin) were
collected from the jugular vein:of all cats before giving the

vaccines, before challenge and at 3, 6 and 9 weeks after




challenge. These blood samples were processed and used in virus

jsolation and serum neutralising antibody tests.

RESULTS

Response to Vaccination

The response of cats to vaccination with the 7 vaccines and
to challenge with felVY are shown in Table 4.1. The response was
measured in two ways: first, whether or not a cat was viraemic
and secondly, whether or not a cat had virus neutralising
antibodies,

Following vaccination but befare challenge, none of the cats
had virus in the blood. Only one cat in group Ab6 appeared to
have antibodies before chatlenge. After challenge, over two-
thirds of the cats responded either by becoming viraemic or
developing antibodies. It was, however, difficult to compare the
respanse of the vaccinated cats with that of the unvaccinated
controls since not all of the control cats became viraemic.
Three of these four cats were viraemic at 3 or 6 weeks after
challenge but only one was still viraemic at-¢ weeks. Apart from
the cats in group A7 whiéh were inoculated with PF-inactivatéd
celis of which 3 or 4 were viraemic at 9 weeks, the response.of
the other vaccinated groups were a Little better than the
controls. For example, in group A1 none of the cats became
viraemic. In ecach of the groups A4, A5 and A6 only one cat was
transiently viraemic. At 9 weeks in group A2 one cat was

viraemic and in group A3 two cats were viraemic.

Virus neutralising antibody was found in the sera of cats




TABLE 4.1 Results of Vaccination Experiment A
Group Time (weeks) relative to challenge *
No. vaccine -5 -2 0 3 6 9
VA YA VA VA VA VA
Al PF (1) -0 ~{ -0 g -8 -0
-0 -0 -0 -0 -8B ~32.
-0 -0 -0 -0 ~8 -128
-0 -0 -0 -0 -a -0
AZ PF {10) -0 = -1 -8 -B -0
-0 -b -} -8 -B - -0
0 -0 -0 -0 -8 -0
~0 -0 =D =0 =0 +0
A3 AEL (1) -0 -0 -0 +0 +0 +0
4 -0 - -0 -0 -@
-0 -0 i} 70 —'U +0
~( -0 -Q -0 -0 -Q
A4 AEI (1) -0 -0 - -0 -0 -8
~0 -0 -0 +0 +0 -0
«0 -0 =D -8 -8 ~32
-0 -0 -0 -0 -8 ~32
AS DTNP/PF (1) ~0 -0 ~0 -0} =0 -0
-0 -0 -0 -8 -0 -0
-0 -0 -0 -0 -0 -0
-0 -0 -0 +0 -0 -0
A6 DTNP/PF (10) -0 -0 -0 ~0 ~0 -0
-0 -0 -8 -8 -8 -0
-D -0 -0 -0 -0 -0
-0 -0 -0 -0 +0 -0
A7 F422 cells -0 | -0 +0 +0 +0
-0 -0 ~0 -0 +0 +0
-0 -0 -0 -0 -0 -0
-0 -0 ~0 +0 +0 +0
A8 Unvaccinated -0 -0 +0 +0
- -0 -0 -0
-0 ~0 +0 -0
-0 +0 +0 -0
* v = virus isolated from:plasma
A = titre of virus neutrdlising antibody
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only 1in the vaccinated groups. Antibady was detected only after
challenge except in one cat in group A6 which had a titre of 8 at
the time of challenge, two weeks after the booster inoculation.
The major aim of this initial experiment was toc have a guide
as to which inactivating agent might be most effective in
producing a viral vaccine, From the individual responses. to
challenge 1t was difficult to assess which group had responded
best. As an aid to the evaluation of the efficacy of each
vaccine a scoring system was usad which compared the response. of
each vaccinated group of cats and the unvaccinated group. Two
aspects of the response were included. These were first, the
proportien of cats which became viraemic and secondly, the
proportion which developed virus nzutralising antibodies. In the
case of viraemia, for each sampting time after challenge the
proportion of viraemic cats in a aroup, expressed as a
percentage, was multiplied by a factor to give a virus score.
This factor was 1 for 3 weeks, 2 for 6 weeks and 3 for 9 weeks.
It was reasoned that if a cat was viraemic 9 weeks after
challenge it was likely to be permanently infectad and therefore
should have a higher factor than a cat viraemic after 3 weeks
which might onty have a trangient infection. By sinmilar
reasoning it was considered. that cats with antibody 3 weeks after
challenge had responded better than the cats which had antibody &
or 9 weeks after challenge. The corollary of this was that cats
with no antibodies at 3 weeks were poor responders and should
have a higher score than cats with no antibodies at 6 or 9 weeks.
Therefors, for each sampling time the percentage of cats witﬁ no

antibody was multiplied by a factor of 3 for 3 weeks, 2 for 6.
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weeks and 1 for 9 weeks.

As an example of the scoring system, in group AZ at 9 geeks
after challenge, 1 of the 4 cats (25%) was viraemic. Theféforé,
a virus score of 75 (25 X 3) was given to group A2 at that time.
At 3 and & weeks the scores were 0 (0 X 3) and 0 (G X 2)
respectively, making a total virus score of 75. Likewise at 9

weeks all (100%) of the same group had no antibodies and so the

antibody score was 100 (100 X 1). At 3 and 6 weeks the scores

were 150 (50 X 3) and S0 (25 X 2) respectively so that the total
antibody score was 300, The total score for group A2 was,
therefore, 75 + 300 (375). A total score was camputed for altfof
the groups in this way. The rank of each group was then
established according to this score, the tawest score being
ranked 1 and the highest, 8. A low score indicated a better
response to challenge than a high score., The scores and ran&ipg
are shown in Table 4.2.

Using this éystem of scoring, the two paraformaldehyde~
inactivated vaccines had the lowest scores and the F422 cell

vaccine had the highest score.

Side~effects of Vaccination

Following inocutation of the first dose of vaccine, ?t'was
observed that many of the cats suffered same discomf@rt.
Therefore, 24 hours after the second inoculation of vaccine;'fhe
cats were examined more carefully for swefling at theisiféyof
inoculation and for pain on handlLing the site. The reéfal
temperature was also taken fraom most of the cats. The: results,

shown in Table 4.3, dndicated that the vaccines produced.-a
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TABLE 4.3

Side-effects of saponin-adjuvanted vaccines

Vaccine Cat Responseleﬁf,_. Vaccine Cat Response #
Group N. P s T €0 Group No. P s 710D
A1 1 - - 38.4 A5 1 - - 39.5
2 - - 38.9 2 - - 40.3
3 - - 38.9 3 + 40,3
4 + 4+ 40,6 4 4+ 4 80.3
AZ 1 - - 38.9 A6 1 + 4 40.3
2 40,3 2 + + 40.6
3 40.6 3 + 40.6
4 + 40.6 4 + 40,6
A3 1 - + ND A7 1 + + 40,6
2 - + ND 2 + + 40.a
3 - + ND 3 + + 40,6
4 - + ND 4 + + 40.6
Al 1 - + ND A8 9 + + ND
2 - + ND 2 - - ND
3 - 4 ND 3 + ND g
4 -~ 4 ND 4 - + ND -
¥ P = pain on handling site "
S = swelling at site
T = rectal temperature

ND = Not Done.




harmful reaction at the site of inoculation in meny czts.e In
addition most cats which developed side effects atsc had slight
oyrexia.

To find whether saponin or AL(OH)S might be responsible for
these effects, members of a group of 5.8-~week old kittens were
inoculated subcutaneously with T ml of PBS containing 1.5 mg of
saponin. A further group of similar kittens were inoculated with
1 ml of PBS containing 0.1 ml of M(OH)3 suspension. These
soncentrations were the same as used in the vaccines. The
kittens were examined 24 and 4% hours after injection for pain
and swelling at the inoculation site and their rectal temperature
was obtained. The results are shown in Table 4.4.

From the results in Table 4.3 it is clear that all of the
vaccines produced side-effects in at least some of the inoculated
cats. In general, cats which showed pain and swelling also had a
mild pyrexia. The saponin adjuvant in the vaccine appeared to be
partly or wholly responsible for these effects since, as shown in
Table 4.4., kittéens inoculated with a similar amount of saponin
as was used in the vaccines, developed side~effects. Kittens
inoculated with ALWOWI 3 remained clinically normat with only a

miner rise in temperature 24 hours after the injection.
Discussion

It is usual for the efficacy of viral vaccines to be
evaluated by the immune response of the host to vaccination,
which is often measured by the production of serum antibodies to

the antigen, and by the resistance of vactcinated animals to




TABLE 4.4

Effect of inoculation of sapanin or Al(UH)3

Treatment Cat Respdnsée(zg hours)  Response (ag hours)
No P S T1(C) P 5 1(®)

Saponin 1 + ‘- 40.3 - - 40.3
2 + - 40.6 -~ - 40.3
3 + - 40.0 -+ 40,3
4 + - 41.1 - 40.6
5 + - 40.6 - 40.3

AI(GH)3 1 - - 40.3 - - 38.9
2 - - 39.5 - - 38.9
3 - - 39,5 - - 38.9
4 - - 39.5 - ~ 38.5
5 - - 39.5 - - 38.9

*

P = pain on handling site

(¥5]
i

)
)

swelling at site

rectal terperature




challenge with a dose of virus which would cause an infection or
disease in all or most of unvaccinated control animals. In the
experiment described in this chapter, it was difficult to assess
the efficacy of the various vaccines which were used. The main
reason for this was that not all of the unvaccinated control cats
became viraemic. The dose of virus which was administered
oronasally was 8.5 X 10% FiU and was believed at the beginning of
these experimentg to be sufficient to cause parmanent viraemia in
most cats, This proved not to be the case and although 2 of 4
control cats had a transient viraemia, only 1 had a viraemia 9
weeks after challenge.

A more marked difference between some of the vaccinated cats
and the unvaccinated cats was seen by the appearance of virus
neutralising antibodies. None of the control cats develobed
antibodies. Only one cat in the group vaccinated with the
DTNRP/PF vaccine had antibodies following vaccination but before
chaltenge, Curiously, these antibodies persisted for a periopd of
6 weaks but were not detected at 9 weeks after challenge. The
reason of this disappearance is not known. A similar situation
was observed after challenge in some other groups and rising
titres of antibodies were seen only in the groups given the
AEI(10) and PF(1) vaccines. It appears from these results that
the vaccine had primed the immune response so that following
infection with live virus a secondary response occurred. It was
clear that cats which had virus neutralising antibodies were not
viraemic which is similar to the situation in the fietd when cats
are infected naturally (Russelt and Jarrett, 1978b) and it is

assumed, but not proven, that cats with antibody would be
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resistant to further reinfection Wwith FelV.

The main aim of this initial experiment was to gain
information about the inactﬁvating agent which would produce the
most effective FelLV viral vaccine. 7o try to compare the
responses of the vaccinated groups, a scoring system was used
which took into account the proportion of cats in a group which
became virazsmic and the proportion which developed antibodies.
Using this system, the most effective vaccines appeared to be
those inactivated with PF and the least effective was the F&422
cellular vaccine., There was Little difference in the score
between unconcentrated and concentrated PF vaccines. It was
decided on the basis ‘of these results to concentrate future work
ah PF vaccines.

Three further lessons were learned from this experiment and
were incorporated into the second vaccine experiment which is
described 1in Chapter 7. The first challenge dose of FeLV should
be increased in order to produced yiraemia and if passihle a
persistent virasmia in all of the unvaccinated cats. Thefefbre,
a stock of FelLV-A/Glasgow=1 was produced with a high titre and
was tested in cats before heing used in.a vaccine experiment, as
“described in Chapter 6. Secondly, a Larger number of cats per
group should be used to increase the chance of demonstrating
differences betuween groups. Thirdly, the adjuvant saponin should
be used at a Lower concentration which had fewer side~effects
than those observed 1in the present experiment. Chapter 5

desc¢ribes an experiment to find an appropriate dose level of

saponin. A fourth improvement would be to monjtor the cats for a




Longer period after challenge to ensure that any.obscrved effect
of the vaccine was permanent. It was not possible to hotqfthe
cats for longer than 9 weeks in:the initial experiment but in

further experimenté the cats were maintained for  longer periods.




CHAPTER 5

DETERMINATION OF AN INNOCUOUS DOSE OF SAPONIN

Introduction

In vaccination with inactivated vaccines, enhancement of.the
immune response 1is considered desirable and is often necessary.
Materials used for this purpose are called adjuvants, many of
which have been used over the years. Their mods of asction is
still in many cases unclear, however, bbt one adjuvant function
is that of retarding the release of antigen into the body. It is
possibte to slow antigen elimination rate by forming a depot
which consists of & combination of antigeh and the insoluble salt
such as those of aluminium., Aluminium hydroxide gels were used
in the present vaccination experiments and no side effects: were
noted when inocutated into kittens.

A second action of adjuvants is to enhance co-operation
betwean cells involved 4n immune responses, especially
macrophages and Llymphocytes. In the first vaccination experiment
described in thg previous chapter, saponin ués used for this
purpose. However, it was noted that in some cats this substance
caused pain and swelling at the site of injection and a rise in
body temperature. In the experiments described in this section,
the dose of sapdnin which was innocuous for cats wasdetermined.
In the first vaccination experiment, saponin was used at a dose
of 1.5 mg which is similar to that recommended for guinearpigs-in
studies on foot-and-mouth disease virus (A.J.M. Gartand -
personal communicatioﬁL

In the present experiment, the same & cats were given graded
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doses of saponin, allowing clinical recovery between edch dose,

to establish a dose which gave no side effects.

Materials and Methods

Four heatthy 4 month old specific pathogen free cats were
obtained from the colon& and housed in the animal house in the
Veterinary School. Three concentrations of saponin in P8S were
prepareds: S00, 250 and 100 ug/mt. The pH of the sotution in PBS
was 7.3. fFour cats were inoculated subcutaneocusty in the
interscapular region with 1 ml of saponin at & concentration of
508 ug/ml and the clinical signs and rectal temperatures uwere
monitored dFiLy for 4 days. The cats returned to normat and 3
days later were given a dose of 250 ug of saponin and cbserved as
before. One week later the same cats were given 100 ug. Finally
after 1 week the cats were again given 500 ug to determine if

they had become tolerant to saponina.

Results

The results of these experiments are shown ip Table 5.1.
After jnoculation of 500 ug the rectal temperature rose in atl 4
cats 24 hours after inoculation and did not return to within the
normal range until 72 hours after inoculation. Pain on handling
was obvious 1in threa of the four cats on the day after
inoculation and did not reduce in 2 of the cats until the fourth
day of the experiment. Swelling appeared in 3 of the cats 24
hours after injection, continued after 48 hours and was reduced

in 2 cats after 72 hours.




TABLE 5.1

Reaction of cats to different doses of saponin

Days after 1lncculation

1 2 3 4
Dose (ug) Cat No. T P S T P S T P S 1 P05
500 1 3.7 - - 40,0 - - 38,8 - - 38,2 - -~
2 39.0 4+ - 4D.0 + 4+ 39.0 - + 38.3 «+
3 38.7 + ~ 40,0 + + 391 + 4+ 3IBE 4+ +
4 3,9 + - 40,0 - -~ 38,9 -~ . 38.6 « =
250 1 40.3 - -~ 39.8 4+ 4+ 39,3 - .  39.% . . -
2 %8 - - 390 - - 392 - - 398 - -
3 40.0 - - 40,3 4+ 4+ 39.8 -~ - 39,5 - -
4 40,1 - - 39,3 4+ - 38.8 - - 38,9 ~ -
100 1 3.4 - - 38.3 - - 381 - . 38,2 - -
2 8.1 - - 382 - - 381 - - 38,1 - -
3 38.5 -« -~ 38,5 - - 38,9 <« - 38.6 -~ :
4 39.7 - - 391 - - 38.4 - - 382 - - ¥
500 1 38,9 -~ - 392 4+ - 3B.8 - - 38.6 -~ -
2 38.8 + - 40,2 + + 39,2 + + 38.4 - +
3 39.8 - - 40,5 « - 393 . . 39,3 . .
4 9.3 -~ - 394 4+ - 3B - - 38,7 - .
T = Temperature {°C)
P = Pain
S = Swelling

Dose = ug saponin/ml PHES




When the cats were again clinically normal, they were given
a dose of 250 ug saponin. In this case there was a stight
increase in rectal temperature in one of the cats (3) in the
first and second days after inoculation while that of the éthers
Wwas normal. Pain was evident in 3 cats on the second day and
swelling appeared in 2 cats on the second day of inocula_tion énd.
disappeared Later.

The result of the third inocutation with 100 ug of saponih
were that no rise in rectal tamperature, pain or swelling at“%he
site of injection were noted. Final(y, when the cats were agéin
given a dose of 5300 ug a similar response to that in the first

tnoculation was observed, with pyrexia in 2 cats, pain in 3 and

swelling in 1.

Discussion

A dose of saponin of 500 ug, which was three~fold less than
that given with the first vaccine (Chapter 4) was found to
produce toxic side-effects. By decreasing the dosage in the same
cats, a dose of 100 ug was found to be harmless and this dose was
used subsequently in experiments described Later in Chapter 7.

That this result was not due to the cats becoming tolerant
to saponin was suggested by the fact that when the cats were
inoculated again with 500 ug, the same effects as in the first
administration were observed. It dis clear from this experiqeng
that the response of animals to saponin varies betueen-spe—‘ﬁfi‘és
and must be ascertained for each animal prior to the use of this

material as an adjuvant.




CHAPTER 6

DETERMINATION OF AN APPROPRIATE CHALLENGE DPOSE OF FeLV
Introduction

A successful vaccine should have the essentiat properties of
innocuity, potency and stability. Potency is the ability of the
vaccine to introduce a minimum Level of immunity which is capable
of affording protection against the maximum dose of virulent
field virus. Hence, in the development of vaccines, An
appropriate challenge dose of virus should be established which
is sufficient to provoke a response in essentially all
unvaccinateg animals. In the experiment described in the
previous chapter the dose of challeng2 FeLV which was selectad
was considered to be appropriate based on past experience
(Jarrett et al, 1977). It was observad, however, that this dose
was insufficient to induce a persistent viragmia in all of the
unvaccinated kittens which made 4t difficult to assess the
efficiency of the vaccines being tested. In this c¢hapter an
experiment is described in which a higher dose of virus uas_used,
prepared from concentrated virus. In this way a dose which gave

a consistent response was achieved.
Materials and Methods

Preparation of Challenge FelLV

This virus was prepared in the fotlowing way. Each of seven
9 cm plastic plates was seeded with 6 X 10° FEA cells chronically
infected with FelV-A in 10 ml EFC20 and incubaﬁed at 37° inisx

€0y in air. Seventy-tWwo hours later the culture fluids were
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harvested and centrifuged at 2000 rpm for 10 minutes. The  fluid

was removed and centrifuged in a SW 27 rdtor at 1ﬁ,000'rpm“fdé 10
minutes. The supernatant fluid was than spun at 24,000 ppﬁ for
90 minutes in a SW 27 rotaer and the hesulting virus peltlet was
resuspended in 5 m{ L-15 medium with 1% FC§ and was stored.at -
70° in 4 one ml aliquots and two 0.5 mt volumes as assay sam&Les.
This virus was titrated using the two-stage metheod with-Sﬁfstd

dilutions. The titre was 6.5 X 10° FIU/ml.

Infection of cats

Four 12 week old SPF cats were infected oronasally with
concentrated FeLV=A/Glasgow=1 as a single dose of 1 ml containing
6.5 X 10° FIU per cat as described in Chapter 4. These cats were
monitored far FelV viraemia and virus neutralising antibodies
over @ 14 week period. Two ml of blood was obtained frgmréhe
jugular vein at 2, 11 and 14 weeks after FelLV infactien. ' The
sera and plasma samples were assayed for neutralising antibddies

and virus as described in Chapter 1.
Results

The results are shown in Table 6.1. It.is s=zen that 3 of
the 4 cats became vireemic 2 weeks after FelV administratjoq;and
that all 4 were viraemic after 14 weeks. Mone of the cats

developed neutralising antibodies.




TABLE 6.1

FetV Isolated from Challenged Cats

Cat No. Virus 1isolation at weeks:
2 11 14
1 + + +
P + + +
3 + - +




Discussion

The results of this experiment indicated that a dose of
6.5 X 105 FIU of FelLv-~A given oronasally was sufficient to
produce a long—-lasting, presumably permanent, viraemia in most,
if not all cats.

Hoovar et al (1976) showed that the response of cats to FelV
is related to age and that cats over 16 weeks of age are
retatively resist?nt to infection. As discussed above, i1 was
necessary to challenge the cats in these experiments at an age
when they were still fully susceptible fo FelV. This age was
around 12=-13 weeks. It might be expected, however, that at this
age the kittens are 1in a transitional period between full
susceptibility and resistance and that a dose of FelLV which
induced persistent viraemia when administered to 8 wéek-otd
kittens might be insufficient to permanently infect 12 or 13 week
old animals. While it is desirabte to challenge cats in vaccine
experiments with a dose of virus which will infect all of the
unvaccinated control animals, care must be taken that an
unnaturally targe dose of virus is not administered that would
overwhelm immunised animals which wauld normaliy resist challenge
by the natural route of infection., The dose of virys used in the
first vaccine experiment described in Chapter 4 was obviously
insufficisnt. The results of the present experiment indicated
that a dose of 6.5 X 10° ¢IU given oranasally might be more
satisfactory and this or slightly higher doses, were used in

subsequent experiments.




. CHAPTER 7

VACCINATION EXPERIMENT 2: COMPARISON OF ADJUVANTS

Introduction

The results of the vaccination experiments describied in
‘Chapter 4 were inconclusive. In the Llight of these results
further experiments were planned to obtain moere precise
information on the efficiency of inactivated FelV as an antigen.
The following points were considered.

1. Paraformaldehyde was chosen as the sole inactivating agent
since PF-inactivated virus appeared to be most effective in the
first experiment.

2. MHore precise details of the inagtivation of both.MSV (FelLV)
and Fel.V itself with PF were obtained in order to employ the
minimum effective concentration of the agent in vaccine
preparations.

3. A comparison of adjuvants was undertaken, namely saponin and
incomplete Freund®'s adjuvant (ICFA). Saponin was used at the
Llower, non~toxic dose as determined in the experiment reportgd in
Chapter 5.

4, The challenge dose of FeLV-A was increased to 1 X 100 FIU in
order to obtain the establishment of persistent viraemia in all
of the unvaccinated control cats as described in Chapter 6. In
this way differences between the response of vaccinated and-
unvaccinated cats might be more obvious.

5. The number of cats in each group was increased to 6, again
with the object of increasing the probability of observing

differences between the effects of the various vaccines,
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This chapter describes first, experiments onlfhe
inactivation of HMSY (FelV) and FelV by paraformaldehydeuand.
atteﬁpts to detect infectious virus in inactivated viral
preparations. Secondly, a vaccination experiment is descfibed in
which PF-inactivated FelV ‘was used in vaccines, and saponin.and

ICFA Were compared as adjuvants.

Materials and Methods

Inactivation of MSV (FelV)

The kinet{cs of inactivation of MSV (FeLV-h/GLasg0u“13 by
several concentrations of PF at 259 were studied over-a period
of 24 hours, Insctivation was done Wwith PF concentrafiohs of

5.01, 0.02, 0.04 and 0.06% in a water bath. To four 5 ml glass

bottles, each containing 1 ml of MSY (FeLV) ¢3.5 X 100 Fru/my)
at 259,100 ul of PF at a concentration of 0.1, 0.2, 0.4 or 0.6%
was added. A further bottle containing virus had no PF added.

The bottles were shaken and 150 ul of fluid drawn from each wWas

immediately collected. A volume of 15 ul of 20% sodium
thiosulphate was added and the mixture was incubated at 4% for

30 minutes and was then stored at -70° This represented the

samples at time O. Further somples were taken at 3, §, 12 and 24

hours after addition of PF. The samples were subsequeatly tested

for residual infectivity. At the same time, 4 bottles containing

onty 1 mlL EFC received PF as above. These were then incubaﬁed"ét
25°  far 24 hours and a one-tenth volume of sodium thiosulphate

was added. The mixture was incubated at 4° 5 before and then

storad at ~70°.




Inactivation of FelV¥

FeLV was collected from the fluid of F422 cells seeded at
1.2 X 10%/ml and harvested 48 hours Later. .The fluid was
clarified by spinning at 2000 rom for 10 minutes and then was
treated with 0,01, 0.02, 0.04 and 3.06% PF in a 259 water bath
for 24 hours. The inactivation procedure was carried out by
addition of 1.5 mt of 0.1,0.2, 0.4 or 0.6% PF and 1.5 ml of L-15
medium to 5 universal bottles each containing 15 ml of freshtiy
prepared Fel.V. The mixture was shaken well and 3 ml of each
reaction was collectad, neutralised with 0.3 mL.-of 20% sodiunm
thiosulphate at 4° for 30 minutes and stored at -70° as O time
samples. The reaction was immediately immersed in a 25°  water
bath and sampled 1in the same manner 3, 6, 12, and 24 hours later.

These samples were treated as above and stored at =-70°,

Infectivity assay of PF-treated FelV

The residual infectivity of FeLV following PF treatment was
assayed in 4 ways: by the one~stage or two-stage quantitative
assays using FEA and €81 cells; by the quatitative interference
test; and by a modification of the two~stage FEA/C81 assay. In
each case five—~fold ditutions of the virus preparation were used,
baginning Wwith neat virus.

The quantitative tests were carried out as described in
Chapter 1. The interference test was done as follows:
Ten 5 ¢m plastic plates were seeded with 1 X 100 FEA cells in &
ml EFC and incubated at 37° in 5% c0, in air. Twenty four hours.
later, 2 ptates were used to inoculate each dilution of the PF-.

treated virus. Polybrene was added to a concentration of &
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ug/ril. The neat sample was in 1 mbL and subsequent dilutions in 2
ml. The cells were incubated for 90 minutes at 370, washed
twice with Eagle's medium and 4 mlL EfC was added to each plate.
After 7?2 hours of dinfection and whan the culture became
confluznt, it was subculturad. One fourth of the cells'of cach
plate were seeded into a new plate. This subculturing was
repeated for 3 weeks when the cells Were tested for the presence
of FelV by an interference test.

The fourth assay was a modification of the quantitative two-
stage assay and was carried out by using €81 cells in higher
density than previously at 1 X 1053 in 4 ml EFC per 5 cm plate.
After 24 haurs incubation the cefls ware inoculated with neat
virus samples or samples diluted 1:5 and were incubated at 379 in
5% €Oy in air for 3 hours. The inoculum was then removed and the
cells were subcultured so that ons~third was seeded 1intoc =zach of
I plates (3 X 1D4 cells each). The assay was then continued in

the same way as the two-stage FEA/L81 assay.

Removal of inactivating agents by ultrafittration

As describad in the Results section of ﬁhis Chapter, it was
not possible to determine whether or not there was infectious
virus in some of the low dilutions of PF~treated viral samples-
owing to the toxicity of the PF for the cells. The following
procedure was used to remove tﬁe residual PF.

Two 50 ml lots of F422 vfrus freshly prepared as before were
inactivated separately with 0.01 and 0.02% PF in a 259 wyater
bath for 24 hours and were concentrated using an Amicon stirred

cell with a Nuclepore membrane ¢ 1 X 108 MW cut~off) at 49 far 6
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hours until the original volume was reduced to 5 mt, This .was

thenincreased to 50 mlL with L-15 medium and filteread again‘to (A
mt. Thus the virus concentration was 10 times that of the
original and the PF concentration was reduced by a factor of
1:120. The concentrated virus (4 ml) was added to 21 miL=15
medium so that the concentration of the virus was twice the
original and 1 ml of it was stored 53 two 0.5 ml  tots st -70°
as samples for viral residual infectivity assay.

The remainder (24 ml) was stored at -70°2 in 4 lots of 6 ml
each. These stored samples were assayed using the two-stage

procedure described in Chapter I with 5~fold dilutions,

Concentration of FelV by ultrafiltration

Tan, 9 c¢m plastic plates warc secded with 6 X 10° FelLV-A
infected FEA cells 9n 10 ml McCoy's 5a medium with 104 FCS in
cach ptate. The plates were incubated at 379 in 5% c0, in air.
Forty-eight hours Later the culture fluids were harvested and
centrifuged at 2000 rpm for 10 minutes, The supernatent fluid
was removed and two 0.5 ml volumes were taken and stored at =709,
The remaining fluid was fittered through a Nalgene disposable
filter unit with a pore size of 0.45 um and samples of the
filtrate were collected and stored as before. The filtrate was
then ptaced in an Amicon stirred cell with a 43 mm Nuclepore
titter of 10° molecular weight cut-off. Using nitrogen -gas at.a
pressure of 10 pounds per square inch, the fluid was
ultrafiltrated at 4° for 6 hours until the volume was reduced to
6.5 ml. Samples of the filtrate (80 mi) and concentrated virus

were taken as before and stored at -70%. ALl of the samples were
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subsequently titrated using tne two*stagé method. -The
concentrated virus was stored at -702 as thirteen D?S;mi
aliquots, and was used later to chaltenge the Vaccinatedfénd
control cats in the second vaccine experiment, descnibed in this

chapter,

felLV vaccine preparation

In the Light of the results of the tast infectivity a$say-
experiment 0.02% Pf-inactivated FelV which had been stored at
-700 as é ml and found to contain no residual infectivity, was
used to prepare vaccines B1 and B2. A volume of 0.6 ml of
ALOH) was added to é mi of the stored inactivated antigen,
mixed and incubated at 4%0vernight. Then 6 ml of a dilution of
1:1250 saponin was added and mixed. This was vaccine B2.

For vaccing B1 tﬁe same procedure was used to prepare the
vaccine except instead of saponin, incomplete Freund's-adjgvant
(ICFAY (Miles Laboratories) was used. Two volumes of ICFA uwere
added to the virus preparation and the mixture was emulsified. in
a Sylverson homogeniser. The emulsion was dispensad-in 1 ﬁL
volumes in syringes and were kept at 4° until used. :The

emulsion remained stable over & period of % weeks.

Vaccination experiment

Three groups of 6 B3-week old Kittens were used in the
experiment. One group Was inoculated with vaccine B1, one with
vaccine 82 and the other was untreated and served as a chaLLénge

control.

The kittens were inocultated with 1 ml of vaccine IM in -the




Left hind lea. Three Wweeks {ater s second booster dose was given
in the right hind Lleg. The animals were challenged one week
tater by the aronasal installation of 1 ml of FeLV¥-A/G-~1,
containing 1 X 106 1y, 0.1 m!l into each nostril and 0.8 ml into
the mouth,

Samplting of all experimental cats was by collection of
clotted and heparinised blood samples hefore each vaccination,
at the challenge and-at 3, 9, 21 and 28 weeks after challenge.
Two mt was taken from the jugular vein, 1 ml for serum and the
ather for plasma. The serum and plasma were stored at -70Q°
until assayed using virus isolation technigues for viraemia and

neutralisation test for antibody.
Results

Kinetics of inactivation of MSV (FelLV) by paraformaldehyde

The results of exposure of MSV (FelLV) to various
concentrations of PF are shown in Table 7.1.

SV (FeLV) was exposed to four different concentrations of
PF in a 25° water bath far 24 hours and samples were collected at
0, 3, 6, 12 and 24 hour dintervals, stored at -~70° and assayed
later. There was an immediate fall in the titre of MSV (FelV)
inactivated by these & concentrations of PF at 0 time. The titre
ranged between 8.2 X 10% to 5.4 X 10° FFU/mY compared to the
titre of the virus control which was 2.6 X 107 FFU/mL.
Subsequently, the titre of virus decreased according to the PF
concentration. At the second interval (3 hours), the titre of
the virus for the first three PF concentrations was between

3.2 X 103 and 5 X 101 FFU/mL and na virus was detected in the
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sample exposed to 0.06% PF. The virus contrat titre was
3.84 X 104 FFU/ml. At the remaining intervals the virus was
completely inactivated at all PF concentrations, while the virus
control titre was 4.3 X 10% at 6 hours and 3.2 X 10% FFU/mt at 24

hours interval.

Fel.V inactivation

The results of the assay of the PF-inactivated FelV were as
follows. FelV samples were exposed to 0.01, 0.02, 0.04 and 0.06%
PF for 24 hours at 259 and were assayed for residual infectivity,
using the one—stage method. The cells deteched after inoﬁutat#dﬁ
with the undiluted virus samples from alt the PF concentrations
used 3nd also with the inoculation of the samples diluted 1:%
from virus inactivated with 0.06% PF.

The cells appeared unhealthy in cultures inaculated with the
1:5 and 1:25 ditutions of FelV samples inactivated with 0.01 and
0.04% PF.  The cultures inoculated with these same dilutions of
the virus inactivated with 0.02% PF were contaminated with
hacteria. At alt other dilutions (1:125, 1:625 anﬁ 1:3125) the
cells were healthy and there was no evidence of FeLV. 1In the
FelLV sample inactivated with 0.06% PF, the result was -that
there were unhealthy cells in the cultures inoculated with 1:25
dilution and healthy cells in other cultures and there was no
evidence of leukaemia virus. In contrast the culture cells which
were inoculated with all dilutions of the virus control sample
were healthy and there were 4 foci in the last dilution (1:312%5)
so that the virus titre was 1.3 X 10% FIU/mt.

In using the two-stage assay method, no results were
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obtained for the samples taken at- 0 timé, owing to bactef&at
contamination. In cultures inoculated with samples collected.at
the 3 hdur interval, the cells detached after the cuLtufes were
inocutlated with undiluted samples -of the Qirus inactivated with
all four PF concentrations. The seme happened in cultures
inoculated with the 1:5 ditution of samples which were
inactivated with 0.02, 0.04 or b.ﬂﬁ% PF and also Wwith the ifZS
dilution of the samples inactivated with 0,064 PF. At the other
dilutions of the sample inactivated with 0.01% PF, the cells were
healthy and there were 4 foci in the 1:625 dilution so that-the
titre was 2.5 X 10° FIU/mi. ALL other cultures which were
inoculated with the remaining dilutions of the FeLV .samples
inactivatad with 0.02, 0.04 or 0.06% PF were heaLihy and there
was no esvidence of infectious FelV. In the same experiment the
results of the assay of samples collected at 6 hours were similar
to the results of the assays of samples collected at 3 hours
except that no infectious virus was detected in the 0.01% PF
inactivated sample at any dilution indicating that there was
complete inactivation of the virus except, perhaps, in the
undiluted sample or the sample diluted 1:5 which could not be
tested due to toxicity of the inoculum.

The ‘interference test resutts were that infectious virus
appeared in the neat ditution of the sampLe.inactivatedIQith
0.01% PF for 24 hours. In this test only neat and a 1:5 dilution
of the FeLV inactivated with the four PF concentrations for 24
hours was used. The side-affect of the PF on the cells was that

the cells were unhealthy in the cultures inoculated with neat
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samples inactivated with 0.01 or 0.02% PF and the cells detachad
in n2at samples inactivated with G.04 or 0,06% PF. Also, the
celils were unhealthy_in 1:5 dilutions of the same samples.

The last way of assaying the PF inactivated samples of FelV
was by using a higher initial density of €31 cells with
subsequent re~plating and addition of further FEA cells. The
results were that atl cells detached after dnoculation with neat
and 1:9 dilutions of the samples so that no results were"ébtained

with this test.

Removal of inactivating agent by ultrafiltration

From the results described above it was clear that the
residual inactivating agent in the virus samples was taoxic for
the cells in the infectivity assays when undiluted samples were
tested. Consequently, it was considered necessary to remove the
PF from the samples 1in arder to ensure that there was no virus in
the vaccines. This was achieved by "washing"” the PF-treated
virus by ultrafiltration.

In the Llight of the results of inactivating M5V (FelLV)
described in this Chapter, two concentrations of PF were used to
treat FeLV at 259 for 24 hours. These were 0.01% and 0.02%.

After ultrafiltration the samples were tested for infectious
virus by using the two-stage assay. A sample of inactivated
virus was also titrated. The results were that there was no
toxic effect of PF-treated virus on the cells., A few foci were
found in the neat, 1:5 and 1:25 ditutions of the virus treated
with G.GI1% PF, but none were found in the virus treated with

0,02%. The titre of the  uninactiveted virus control was
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6.3 X 102 which was rather Llow; The results indicated,
therefore, that at least 3 logs of virus were inactivated by
MU2% PF since the PF-treated preparations were concentrated two-

fold.

Concentration of FeLV by ultrafiltration

The results of titrating the samples obtained during Amicon
uttrafiltration of FelLV-A/Glasgow-1 are shown in Tahle 7.2. iIn
this process the virus was concentrated by a factor of 13.3 and
62% of the original infectivity was recovered.s No virus was
detected in the ultrafiltrate indicating that all of the virus
was retained within the Amijcon celti. The final concentrate had a
titre of 4.4 X 108 FIU/mL and was used diluted in L-15 medium to
1 X 10% FIu/mi as the challenge wirus 1in the vaccination

experiment.

Vaccine preparation

From the results described above, the vaccine which was used
consisted of the FelLV preparatiaon inactivated with 0.024 PF and
detoxified by ultrafiltration, in which no infectious virus was
detected. This vaccine was used to vaccinate two groups of six
é-week old kittens. Two adjuvants were compared: saponin and
incomplete Freund's adjuvant, A third group was Lleft
unvaccinated as a virus control. The second dose of vaccine was
given 3 weeks later and the chaltenge was made one week after the
second vaccination.

The results of the vacc¢ination experiment are shown in Table
7.3. ALL the unvaccinated control cats were viraemic 3, 9 and 27

weeks after challenge and did not develop virus neutralising
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Concentiation of FeLV by Amicon Ultrafiltration

FIU/ml Volume (ml} Totel FIU
Culture supernatant £luid 6.0 x 10°  86.5 5.2 x 107
0.45 um filtrate 6.5 x 105 86.0 5.6 % 107
ami.con Ultrafiltrate 10 80,0 -
Amicon concentrate 4.9 x 16° 6.5 3.2 x 107




TABLE 7.3 Results of Vaccination Experiment B

Group Time (weeks) relative to challenge *

-4 -1 0 3 g 21 28 -
No. Vaccine v A v A VvV A A A VvV A A
Bl PF (ICFA) - 0 ~« - - -0 o o 16 3z
-~ 0 = - =~ 0 0o 0 o + 0
- 0 - - - o0 0 o + 2+ O
.- O = = = 0 o 0 Q o
- 0 - - - Q o 0 8 ©
- Q - - - o} [s) o] 16 128
B2 PF {Saponin) - 0 = - - 9 < o <+ o + o
- 0 - - - 0 [s) 0 + o + 0
- 0 - - - ¢} Q (o] + o + (8]
- a - - - o} 0 o] + o % o)
- o - - - o] 0 a 32 64
- 0 - - - o] [a] s} 8 o.
B3 Unvaccinated - 0 o] ] &)
- O o} 0 o]
- Q 0 (o) (o]
- ¢) Q o] O
- 8] &) (o] + O
- o) e} o} + v}

* ¥V = virus isolated from plasma

»
i

Titre of virus neutralising antibody

0= (8




antibodies. These cats were assumad to have persistant FelV
infections. In the group of cats vaccinated using saponin (B2)
the resutts were that none of the cats was viraemic before
challenge, but 2 of them were viraemic 3 and 9 weeks after
challenge and those cats together with another 2 cats-wuere
viraemic 21 and 28 weeks after challenge. None of the & cats had
virus neutralising antibodies before challenge. None of the &
viraemic cats developed antibodias after chatlenge and only one
of the non~viraemic¢ cats had antibodies at 21 and 28 weeks.

The results of vaccination using ICFA as adjuvant -in .the
second group of vaccinated cats were that again none of tha cats
were viraemic before challenge, but & of them became viraemic 3
weeks after challenge. One of these was persistently viraemic at
9, 21 and 28 weeks and one other was viraemic at 21 and 28 weeks.
The other 3 cats which were viraemic at 3 weeks appeared to
recover from the infection. The sixth cat was not viraemic at
any time. As in the two other groups, none of the viraemic cats
nad nsutralising antibodies. Only 2 of the & non-viraemic cats
had antibodies at 28 weeks after chaltlenge,.

Since neither of the vaccines protectad 100X of the kittens
from challenge, the scoring system described in Chapter 4 to
compare the vaccines uas used and the results are shown in Table
7.4. These show that there was little difference in efficacy
between the wvaccines using saponin or 1incomplete Freqnd%
adijuvant although the tatter appeared to be slightly more

effective.
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Discussion

In this chapter, the inactivation of MSV (FelV) by PF was
studied more thoroughly than in the experiment described in
Chapter 4. These results gave an indication of the minimum
concentration (0.02%) of PF which might be used to inactivate
FelLW. FeLV was then treated with PF at concentrations which
completely inactivated 4 Llogs of MSV (FelLV), However, great
difficutty was encountered in testing whether or not there was
residual infectious virus in the PF-treated FelV preparations
because these were toxic for the cells in the usual assay systems
whan inocculated neat or diluted 1:5. Four different types of
assay were tried but none were successfutl. The first two methods
were the standard one-stage and two-stage assays which used €81
and FEA cells. Each of these assays uses cells which are
initially seeded at {ow density and it wéas considered that these
cetls might be particularly sensitive to PF. Therefore, tuwo
ather methods were tried in which the initial cells were almost
confluent: an interference test using FEA cells, and a modified
two-stage C81/FEA assay in which the ¢81 initiator cells were
confluent when infected. However, ngsither of these tests
produced a result when undiluted virus was used as the inoculum,
By contrast, assays of MSV (FelLV) which was inactivated with the
samz concentrations of PF were successful. The reason for: this
difference may be that the initiator FEA cells infected with
FelLV=B Wwhich were used in the sarcoma virus assay were: less
sensitive to the effects of the residual inactivating agent in

the PF-treated MSV (FelLV} preparations than the uninfected FEA
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and €31 cells used in the FeLV- assays. The.reaSOn for. this
difference is not known.

Comparing these results with the results of Pedersén'§£3i£
(1979), these authors did not mention problemé in thé_assagnof
formatdehyde-inactivated FeLV, presumably because they started
their assays with a 1:10 dilution of the inactivated virus. - It
is not clear, therefore, if Pedersen's vaccine was completely
inactivated. To ensure as far as possible that the virus used in
the present expariment was completely finactivated it was finally
. necassary to wash the PF~treated FelLV by uLtrafiLtratiqh;which
should have removed molecules of less than 1 X 106 motecu}ar
weight. There was no detectable infectious virus in this sampte.

In the Light of these results, it was decided then to use
the washed virus as vaceine, The reasons were that as well as
being non~toxic, sueh a preparation might also have the advaﬁtage
that p15E might have been removeat This motecule -is suppqééd?to
be immunosuppressive (Olsen et al, 1980b)and its absence from. a
vaccine might produce a better immune response.. On the other
hand, free gp70 and FOEMA might also bz removed (Olsen et -g,
198) so that some useful antigens might be lost. The results of
concentrating live FéLV-A/Glasgow-1 by Amicon uLtrgfiLtrat{Sn
which are shown in Table 7.2, dindicated that 62% oflthe
infectious virus was retained in the process. Since this
procedure was carried out over a periocd of & hours, it is LikeLy
that at Least some of the loss of infectivity was due to- the
regular inactivation process. Therefore, it would be expected
that greater than 62% of PF-inactivated virus would be inc{pded

in the vaccine. Although in the production of the PF~treated
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FeLV onky 3 Logs of virus were shown to be inactivated, further
evidence that there was no infectious virus in the vaccineg was
that vaccinated cats did not déueLop viraemia or produce virus
neutralising antibodies.

The results of vaccination were better than in the previous
experiment described in Chapter 4. ALL of the unvaccinated cats
became persistently viraemic as expzcted from the results of
Chapter 6, so that the protective action of vaccination was more
cbvious., In addition, none of the unvaccinated cats made virus
neutralising antibodies.

In the vaccinated group, only two of the six cats given
vatecine with saponin as adjuvant resisted the challenge after 28
weeks. Onc of these cats developed virus neutralising
antibodies. There was a slightly better response in the group
which was given vacccine with the oil adjuvant. Four of six of
these cats resisted the chaltenge and were not viraemic after 28
weeks. ‘However, three of these cats were transiently viraemic, 3
weeks after challenge. These results are similar to those of
Pedersen et al (1979) who showed that formaldehyde-inactivated
vaccine did not prevent transient viraemia but did prevent
persistent viraemia in a proportion of cats, following ratural
exposure to FelV-excreting ceats.

The reason why half of the six vaccinated c¢ats which
resisted challange, including two which had a transient viraemia,
did not develop virus neutralising antibodies is not clear. . It
is known, houwever, from epidemiclogical studies that there is a

small but significant proportion of cats naturally exposed to




FeLY which are non-virasmic and which do not have neutralising
antibodies (Hardy et al, 1976).

The scoring system indicated that the vaccine using the
incomplete Freund's adjuvant was stightly superior to the vatcine

with saponin. Thus in the final vaccination experiment which is

described in the next chapter, the oil adjuvant was used.




CHAPTER 8

VACCINATION EXPERIMENT 3: COMPARISON OF ANTIGENS

INTRODUCTION

The results of the two vaccination experiments’reported in
Chapters 4 and 7 indicated that a considerable degree of
protection against experimental FeLV challenge was obtained using
paraformaldehyde=insctivated FelV derived from the F422 cell
Line. However, protection was not complete and it was considered
that there might be at least two reasons for this. First, it
might be that the gquantity of viral antigen used in the vaccines
was insufficient although in the first experiment described in
Chapter 4 no differencte was observed in the respanse of cats
immunised with antigsn equivalent te unconcentrated ar X1
concentrated F422 cell culture fluide Nevertheless, since the
results of the secand experiment were more encouraging, it was
decided to compare again an unconcentrated and a X10 concentrated
FeLV-A/F422 vaccine. |

A second possibility might be that the quality of the F422
virus was poor and, in particular, that the viral éﬁvelope gp?0
Qas not present in such high concentrations as in FelV grown.in
fibroblast cultures. Electren microscopy of F422 cells has shown
that budding virus has prominent spikes on the envelope but that
the virus which is present around the cells following release
from the cells does not have obvious spikes (Toth, 1980). This
is in contrast to FelV produced in feline embryo fibrobkéét

cultures which has prominent spikes when budding and maintains

its spikes for 24-48 hours afterwards (Laird, H.M. and Jarrett,




0., personal cdmmunécation)- In the Light of theée,obserVa?ions
it was decided ‘to campare FelV obtained from F422. célls and.from
fibroblast cultures as a source of vaccine. It was assumedifhat
a virus with well-preserved spikes might be more antigehie:fhan
one without spikes. It should be emphasised again thhth;he
amount of FelV produced by 422 cells is approximatelylten‘xfmes
that produced by FEA cells. Therefore FelV grown in fibrob{astS‘
was concentrated tenfold, to make it equivalent to untoncentréted
F422 virus.

While these expariments were in progress it was found that
some cats which appear to recover following exposure to FekV,
maintain a latent FeLV infection in bone marréw celts (Post. and
Warren, 1980; Rojko et al, 1932; Madewell apd Jarrett, 198%). It
was considered important to determine whether vaccinated cats
which resisted challenge with FelV had eLiminatéd the vifué or
haed a latent infection. Therefore, bons marrow cultures wWere
made from protected cats and examined for the presence of Latent

virus.
Materials and Methads

Experimental groups
Five groups of cats were used in this experiment. ThéSe
Were designated a; follows:
€1: Vaccinated with FelV~A/F422, X1
€2: Vaccinated with FeLV-A/F422, X10
£3: Vaccinated with FeLV~A/Glasgow-1, X10
C4: Inoculated with contral "vaccine”, FEA culture fluid\X{Df_

€5: Control group, unvaccinated
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Vaccines €1 and €2

Two hundred ml of Ff422 culture fluid harvested from a
culture sceded 24 hours before at 1.2 X 106/mL cells per ml in L-
M medium was clarified by spinning at 2000 rpm for 20 minutes.
The virus was inactivated with 0.02% PF in a 25° water bath for
24 hours and a one~tenth volume of 20% sodium thiosulphate was
added for 30 minutes at 49 The ipactivated virus was
concentrated at 4% by ultrafiltration in an Amicon stirred cell
using a 43 mm Nuclepore membrane with a 1 X 106 molecular weight
cut—-off at a nitrogen pressure of 20 Lb per in2. A volume of 175
ml was reduced to 75 mi. An additional 100 ml of L=15 medium was
added and this was further concentrated to a volume of 55 aml.
Samptes of 5 mL were stored at -70% The virus was assayed
using the two-stage assay which indicated complete inactivation,
while the infectivity of uninactivated FeLV was 3.5 X 10% FIU/mL.
After the test for residual infectivity the inactivated antigen
Wwas thawed and spun in a Beckman SW41 rotor at 40,000 rpm for 60
minutes and the pellet was resuspended in 6.6 mi L~15 medium
which represents a concentration of 30~-fold. Then 0.8 ml of the
30X antigen was dituted to 4 ml in L=-15 medium to make a 3X
concentrate. Each of these antigens was mixed with a one-tenth
votume of ﬁL(OH)3, incubated at 4° overnight and then two volumes
of ICFA was added. The mixtures were emulsified in a Sylverson
homogeniser and used to vaccinate 8 week old cats as 1 ml IM in

the hind Leg. The remainder of the vaccines were kept at 4°

untit used in the boosting dose.




Vaccine C3

This vaccine was prepared in a similar manner to those
above. About 200 mlL of FetV-A/Glasgow~1 culture fluid was
harvested from two chronjcally FelV-infected FEA monolayer cell
cultures in 2.5 Litre roller bottles 48 hours after seeding with
1% 107 cells in 100 mt McCoy's medium with 10% FCS. The fluid
was clarified by spinning at 2000 rpm tor 20 minutes, inactivated
with 0.02% PF in a 25° water bath for 24 hours, nautralised with
a one~tenth votume of 20% sodium thiosulphate at 4© for 30
minutes and concentrated by Amicon ultrafiltration as above to a
final veolume of 40 ml.

Samples were taken for virus assay before inactivation. and
after inactivation and concentration. No virus was observed in
the inactivated sample while the virus titre of the uninactivated
sanple was 1.2 X 104 FIU/mbl. Teo prepare the vaccine the
inactivated and concentrated FeLVY was thawed, spun at 40,000 rpm
for 60 minutes in the SW41 rotor and the pellet was resuspendsd
in 6.6 mlL L-15 ma&ium, so that the final concentration of the
inactivated antigen was X30. A volume of 0.66 ml of AL(OH)z W.a&s
added and kept at 4° overnight, when two volumes of ICFA were

added and the mixture was emulsified.

Control vaccine Cé

This vaccine wWas prepared in the same way as the {3 vaccine
except that instead of using FeLV~infected FEA cell culture
fluid, the fluid of uninfected FEA cells was used. This wWas

treated with PF, concentrated, sampled and assayed as before,

The ALOH); and ICFA were added as for the other preparations.




Vaccination experiment

ALl 30 kittens were vaccinated with the different types.of
vaccine as described in Chapter 7. These kittens, together with
the six kittens which comprisad the unvaccinated group were
then challenged at 12 weeks of age (one week after the second
vaceination) by giving 0.8 ml of Amicon concentrated FeLV-A (6.25
x 107 F1U) by dropping 0.1 ml in each nostril and 0.6 ml in the
mouth of each kitten. ALL the experimental kittens were bled
before each vaccination and challenge, and at 3, 6, 12 and 18
weeks after challenge. Samples of 1 ml clotted blood for"serum
and 1 mL with Lithium heparin for plasma wWwere taken, processed
and stored at -70° until assayed for FelV viraemia by virus

isolation, or for neutralising antibodies.

Establishment of bone marrow cultures

Bone marrow cultures were established by a modification of
the method of Madewell and Jarrett (1983). Cells were obtained
by aspiration of femoral marrow using a Rosenthal pattern needle
(18 gauge, 1 inch), This procedure was carried out by Prof. O.
Jarrett. The cells were immediately dispersed in cold me&ium
consisting of Alpha medium {Gibco) supplemented with iOZ:FCS,
1075 M hydrocortisone sodium succinate (Sigma) and 10 units/ml of
preservative-free heparin sodium BP (Pabyrn).

Bone marrow cell cultures were prepared in dupticate in 25
em® flasks with 10 al of growth medium (as above but without
heparin) as follows. Five mb of the aspirated cell suspension
was centrifuged at 1000 rpm for 5 minutes and the pellet was

resuspended in 5 ml of cold NH4CL and dincubated at 4° on ice for
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S minutes to lyse contaminating red blood ceLLé. The celis were
then pelleted by éentrifugation and reSuspended.%h growth
medium. The nucleated cells were counted in a haemocytometer and
the celi suspension was adjusted to 2 X 106 cells per ml in
growth medium. Two flasks were seedad each with 10 ml offéeLL
suspension, gassed with 5% CO, {5 air and incuba£ed at 37°%
These cultures were designated MA or NB.

The remaining 5 ml of the original marrow cell suspension
was centrifuged and the pelleted celts were resuspehded to
2 X 106 per ml in growth medium based on the cell count of the
cells treated with NH‘CL. Two cultures were prepared as above
and designated & or B. '

Hatlf of the medium from =2ach culture was replaced:every 7
days with fresh medium. The medium which was removed was
centrifuged at 2000 rpm for 10 minutes and the superpatant fluid

was stored at ~70° before being tested for FelLV.

Resuits

As described in the other two previous vaccination
experiments in Chapter 4 and 7, in this final experiment a
comparison of antigens was made in which F422 and FelV-A/Glasgow-
1 wiruses were used., At the same time culture fluids. of
uninfected FEA cells were used as a contral vaccine to establish
if there might be any response in the cats to the serum prﬁféins
in the medium or to cellubtar antigens shed into the culture
fluid.

Results of vaccination in this experiment are shown in Table
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8.1. These results were assessed by comparing the propoertion. of
viraemic cats in -each vaccinated group with the proportion in the
unvaccinated group at challenge and 3, 6 and 18 weeks after
challenge, There Were no antibodies in any group of the cats,
vace¢inated or unvaccinatad at challenge. MNone were virsemic at
this time.

The cats in the unvaccinated group were viraemic 5, & and 13
weeks after challenge. None of these cats produced virus
neutralising antibodigs. ALso the cats in the control vaccine
group all became viraemic within three weecks and were
persistently viraemic. Hone produced virus nzutralising
antibodies at any time. Two of the cats in this group died, six
weeks after challenge.

0f the vaccinated cats, the majority of these given
inactivated F422 virus resisted challenge with FelV. By
contrast, only one af six cats vaccinated with the inactivated
FeLV-A/Glasgow~1 virus resisted challienge. There was Little
difference in the results of the groups given F422 (X1) or F422
(X10) vaccine. In the first group (€C¥) one of the six cats
became pesrsistently viraemic following challenge. None of the
other cats in this group became either transiently or
persistently viraemic. While none of the cats had nzutralising
antibodies following vaccination but before challenge, all
developed antibodies after challenge,

In the second vaccination group (€2} two of the cats became
permanently viraemic after chatlenge. 0One of these viraemic cats

(cat 6) died 16 weeks after challenge. One other cat {(cat 4) had
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Results of Vaccination Experiment G

TABLE 8.1

Time (weeks) relative to challenge *

Group

18

12

~4

Vaccine

No,

128

>z
16
32

F422 (1)

c1

32

32

16

F422 {10)

c2

64 .

16

64

16

16

0

FeLV-A (10)

C3

64

64

128

Control

C4

Fluid

o]

Unvaccinated ~°

€5

virus isolated from plasma

v
A
0]

Titre af virus neutralising antibody

<8
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3 transient viraemia which was detected six weeks after challenge

hut not at 12 or 18 weeks. As in the first group, all of the
non-virasmic cats developed virus neutralising antibodies.

The response of the third vaccinated group (€3) to challenge
was much poorer. Five of the six cats became persistently
viraemic. Only one (cat 3) resisted the challenge and produced
virus neutralising antibodies.

Three cats developed disease during this experiment and -had
io be destroyed. These ware cat & in group €2 and cats 2 and 5
in graup C4. ALlL of these cats were viraemic at the time of
death. ALL were suffering from a haemorrhagic colitis with
haemorrhagic mesenteric lymph nodes. Large numbers of B~
haemolytic E. coli were isolated from the colonic contents.

The results of using the scoring system as in Chapters 4 and
7 are shoun in Table 8.2, from which it is clear that the F422
(X1) vaccine ranked first in efficacy of all the vaccines tried
in this experiment. The cats given the control FEA culture
fluids vaccing gave essentially the same response as tﬁe
unvaccinated cats, and the response of the FeLV-A/Glasgow-1

vaccinated cats was. only marginally better.

Establishment of bone marrow cultures

The latency condition of FelV in the first group (C1} of
this vaccination experiment was determined. The fluids of the
cultures established from bone marrow aspirates were tested for
infectious FelV using the two-stage virus isolation procedure,

The results are shown in Table 8.3. Only cat 4 was positive for

virus in the fluid of the aspirated bone marrow samples while the
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TABLE 8.3

ent FelVY in bone marrow cultureé~of vaccinated cats

Cat Viraemia FelV in Marrow FelV isolated {(weeks)
No. BMSF * culture: 1 2 -3
1 - - + -+ +
4 B + + o+
NA + + +
NB + + +
2 - - + + +
B + + +
NA + + +
NB + + +
3 - - A - - -
NA - - -
4 + + A + + +
NA + + +
5 - - A + + +
NA +
NB - + +
6 - - + + “+
B + + +
NA + + +
NB + + +
*

BMSF = Bone marrow supernatant fluid. The medium into which
the bone marrow aspirate was taken was tested for

infectious FelV,




other five cats of the group were negative., These .results were
expected from the results of virus isolation from the plasma
samples cotiected 18 weeks after challenge. The other results of
FeLV isolation from the cell culture fluids collected one week
after seeding of the bone marrow weare that cat 3 was negative for
the virus while the others were positive. Sampies of fLuid; were
tested 2 and 3 weeks after establishment of the cultures and the
same results were obtained.

There was no difference in the results whether or not the

bone marrow cells had been treated with NHgCL to remove red blood
cells. A typical bone marrow culture, 3 weeks after seeding, is

shawn in Fig. 8.1.
Discussion

The ptan of this cxperiment on FelV vaccination was decided
upon in the light of the results of the two previous experiments.
There were two main 2ims, The first aim was to find whether or
not a greater degree of protection was achieved by using a
greater antigenic mass of F422 virus. A vaccine containingi10
times concentrated virus was compared with one prepared from the
equivalent of unconcentrated virus. The results obtained were
that there was a good response to vaccination with either
vaccine. Five of six cats vaccinated with the unconcentrated
virus vaccine were non-viraemic 12 and 18 weeks after challenge.
Approximately simifar results were obtained following vaccination
with the concentrated virus vaccine. In addition, good virus
nautralising antibody titres developed in these cats, ranging

from 8 to 32 and from 16 to 128 at 12 and 18 weeks respectively
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Fig. 8.1. Feline bone marrow culture

This culture was established 3 weeks previously and contains
fibroblasts, large macrophages and small round myeloid cells

( X 125)



after challenge. It appearzd that there was Little difference
between the results of vaccination. with F422 (X1) or FX?D)
vaccines. A similar resuit was found in the experimént described
in Chapter 4. The reason why increasing the antigenip masé of
the vaccine had no effect on the immunising capacity af the
inactivated virus is not clear. In other systems, the immune
response to vaccines is dependent on the guantity.of antigeﬁ in
the vaccine, Thus, in potency tests of rabies vaccine, Romanova
(1981) showed that by reducing the antigen -content of vaccine by
five~fold, there was a corresponding decrease in the-antibody
response of inoculzted mice and in the protgction to chatlenge
with virulent virus. An example of the effect of vaﬁcine
concentration on the extent of the immune response to a
retrovirus vaccine was the experiment of Charnay et al (1976) in
which mice were vaccinated with serial doses of formalin-
inactivated murin2 mammary tumour virus (BMMTV) in either complete
or incomplete Freund's adjuvent. The result was that there was-
significant protection against challenge with tive ﬁMTVLﬁn mice
which received 1 ug of viral antigen, Less in mice given 0.1 ug
and no protection 1in miﬁe vaccinated with 0.01 ug or Lless.

It would be interesting to know if by decreasing the
antigenic mass of the present FelV vaccine, the potency of the
vaccine would be decreased or increased. If a plateau had been
reached in the relationship between antigenic mass.cf FeLV and
the immune response,'one would expect that a reduction in éﬁtggen

quantity would tead to a reduction in protection. However, if

there was an inhibitory factor in the concentrated vaccine {(e.g.




pl15E€), it might be expected that dilution of the vaccine might

give increased protection.
The Llevel of protection in the present vaccination
experiment was 83%, while in the experiment of Pedersen et atl

(1979) it was 100% (0/76) with ICFA and 92% (1313)‘with-At(0H13_
It should be noted, however, that in Pedersen's vaccination
experiments the cats uwere vaccinated when 16 weeks old and
chatlengad when 20 weeks old by exposure to persistently viraemic
carrier cats. Only 10/25 (40%) of the unvaccinated control cats
became viraemic following chaltlenge so it is difficult to compare
those results with the results in the present study. The levet
of protection in the present study was similar to that achieved
by Olsen et al(¥980a) which was more than 80%. A second aim in
this study was to compare the protection achieved by F422 virus
and felvV-A/Glasgow—-1 virus from FEA cells.

The FeLV-A/Glasgow~1 vaccine was not successful. It had
been expected that the gp70 antigen in FeLV-A might be more
immunogenic than the F422 virus. In this experiment an attempt
was made to equalise the amount of virus in each preparation'but
since neither virus was purified, it was not possible to measure
the protein content of each virus to ensure that each contained
the same quantity. It was assumed, based on previous experience,
that the F422 virus would contain about ten times the amount of
viral protein of FelLV~-A/GlLasgow=1. The reasons for failure of
FeL,V-A/Glasgow~1 as an immunogen might be due to a loss of
antigen during concentration or to a morg deleterious effect of
paraformatdehyde on the viral antigen, compared to F422 virus.

The vaccine made from FEA cultture fluid did not protect cafs.
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This result indicated that it is not a non-specific effect.of
serum proteins or cetlular antigens which protects vaccinated
cats against FeLV challenge.

An additional study in this experiment Wwas to determine
whether or not cats which had been vaccinated and resisted
challenge eliminated the challenge virus or whether the virus was
Latent in their bone marrow cells, It was shown r6cently*%hat
cats recavered from natural or experimental FelV exposure.héy'be
Ltatently infectad (Post and Warren, 1980; Rojko et ail, 1982;
Madawell and Jarrett, 1983). The cats vaccinated with the F422
X1> vaccirl1e were tested for tatent virus and it was found that
of the five cats which resisted challenge, four had bone wmarraw
cells which released FelLV after 7 days in culture. This result
indicates that in_most cats the challenge virus was not preventéd
by vaccination from reaching the bone marrow and setting up 2an
infection. However, since no virus was found in the blood of the
five cats which resisted chatlenge, there was a rapid development

of an immune response which prevented further spread of -the virus

and restricted the virus to the latent state in the bone marrow.
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CHAPTER @

ANTIGENICITY OF FelV EXPOSED TO CHEMICAL INACTIVATING AGENTS

Introduction

It was considered that it would be useful i4n formulating
FelV vaccines to have an in vitro method to test the antigenicity
of FelLV antigens which had been treated with the chemical
inactivating agents used to prepars vaccines in this study. It
was beLﬁeved'that treatment of virus with agents Llike
paraformaldehyde might result in scme loss of antigenicity and
that it Wwould not be possible for reasons of time and cost to
test this in cats in order to find an optimum concentration of
the agent to use in vaccine preparation. When this study 'began,
the method which seemed most appropriate in testing antigenicity
was one which used virus neutralisation since the peutralisation
reaction involves the antigens which are thought to be important
in immunity to FelV. Attempts were made to develop =
neutralisation inhibition test 1in which chemically treated FelLV
antigen might be usad to inhibit the antigen-antibody reaction
measured by nautralisation. Similar tests to quantitate FelV
cellutar antigens were described previously {Russell and Jarrett,
1978a). For reascons discussed below, the present experiments
were nat successful. However, during the course of this study,
several mouse monoclonatl antibodies became available which
neutralised FeLV. Therefore thcy recognised FelV epitopes which
were involved in neutralisation. These antibodies were tested

and found to bind to FeLV¥ in an enzyme—linked immunosorbent assay

(EL.ISA) and could, therefore, be used to assess the antigenicity




of FelV déterminants rélovant to_Qﬁccination aftor exposure to
chemical inactivating agents. This Chapter outlines attempts to
setup a neutralisation iphibition te§t and then describes
experiments using mouse antibodies and-an ELISA to tesf~fhe
antigenicity of FelVs from F422 and Fi.?4 cells which were-treated
with varying concentrations of paraformatdehydé, formaldghyde;

AEI and beta-propriolactone (BPLJ.
Materials and Methods

Neutralisation Inhibition

Three FelV antigens were used in an attempt to inhibit
neutralisation of MSV (FelV~A): F422 cells, F422 culture . fluid,
and combined cells and fluid. These were prepared by seeding
F422 cells at a density of 1.2 X 10%/ml in 30 ml L~M medium
containing 15% FCS 4n 75 cm® plastic flasks (Nunmc) and harvest559
these cells 48 hours Llater. The culture fluid was spun at'1d00
rom for 15 minutes and the cells were resuspended ih L=15 medium,
spun again and resuspended.in-L=1% medium with 104 FCS at a cells
concentration of 5 X 100/ml.

The antigens were diluted with L-15 medium containing 10%
FCS to give dilutions of 4, 8, 16, 32, 64 and 128 in 96=wel L -U=-
bottomad plastic plates. To all dilutions an equal volume (25
ul) of cat FeLV immune serum diluted 1:4 in L-15 medium with'iO%
FCS was added. The controls consisted of 25 ul of_diLuenf wﬁth
25 ul of serum as the serum controt and 50 ui of ditdebia as the
virus control. The plate was incubated at 379 for Z-EDth_to
allow any antigen—antibody reaction to take place and thgn-SBfuL

of MSV (FeLV-A) diliuted in L-15 medium with 10% FCS to -give 20=30
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foci in the test was added to each well. The plates were shaken,

incubated at 379 for 1 hour and then 25 ul of each reaction was
inoculated into one well of a 24-well plastic plate which had
been seeded 24 hours in advance with FelLV-B~infected FEA cells.
The remainder of the test was carried out as described for the
neutratisation test in Chapter 1. The sam2 experiment was
repeated using the same procedure except that instead of
incubation of the antigen—antibody reaction at 37° for 2 hours,

this reaction was incubated at &° for 16 hours.

ELISA inhibition
1. Preparation of virus ‘
The concentrated and purified FeLVY used in this test were
FelV-A/F422 and FelV-ABC/FL74 which were prepared as fotlows.
One Llitre of FL74 cell culture fluid was prepared by seeding FLT4
cells zt 1.2 % 106/mt 4n L-M medium and harvesting 48 hours
Later. The fluid was centrifuged at 7,000 rpm for 30 minutes and
the supernatent was frozen at -70% It was thawed and
concentrated in an Amicon CH& hollow fibre concentrator at 4° to
100 ml which was then spun at 20,300 rpm for 2 hcurs;in the SW27
Rotor. The supernatent fluid was discarded while the virus
pellet was resuspended in 30 ml of PB3. This suspension was
centrifuged in 3 potassium tartrate gradients (1.08-1.23 g.cm"s)
in the SW41 Rotor at 40,000 rpm for 1 hour. The virus bands were
recovered, combined and diluted to 10 ml in PBS and spun again in
the SW50.1 rotor at 30,000 rpm for 2 hours. The pelleted virus

was resuspended in 2 ml of 0.15 M NaCl and stored at 4% hefore

use. The final concentration of this virus was approximately
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500-fold.
The FeLV/F422 virus was concentrated and purified in the

Same way.

2. ELISA test

The coating buffer was 0.05 M Na, (04 NaHCOS, pH 9.6;

The composition of solutions A, B, C and D was as shown in
Table 2.%.

A Hybridoma Screening Kit was purchased from Bethesds
Research Laboratories Ltd. which contained sheep anti~mouse IgG

(Faqu conhjugated with B-galactosidase (Hybridoma Screening

Reagent), and p-nitrophenol-B-bd-galactoside as a substrate.

3. Antibodies

Two antibodies uwere used,
4. Mouse monoctonal antibody to FelV-A

A monoclonal antibody which neutralised ASV (FeLV-A/GlLasgow-
1) (0. Jarrett, personal communication) was obtéiﬁed from C.K.
Grant, Harvard School of Public Health, Boston, U.S5.A. This
antibady 1is designated 1984
b. Mouse monoclonal antibody to FelLV-B and FelV-C

A moncclional antibody which neutralised M8V (FeL¥~B/Sarma)
and 4S5V (FelLV-C/Sarma} (0. Jarrett, personzl communication). was
obtained frem H. Lutz, Veterinary School, Zurich, Switzerland.
This antibody is designated B8Y812. The antibody recognises the
major antigenic determinant of the virus produced by FL74 cells
described by Russell and Jdarrett (1978al. Further

characteristics of this antibody have been described by Vedbrat
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TABLE 9.1

Solutions used in ELISA test

Solution A 0.01 M PBS, pdH 7,2

1.5 aM MgCE
2.0 mM 2-mercaptoethancl

0.05% Tween 20

Soluticn B 0.01 M PBS, pH 7.2

1.5 mi MgCE

2.0 mM 2-mercaptoethanol

solution € 50 @M Na,POy buffer, pH 7.2

1.5 mM MgCl 5

Solution D 0.5 M NaC03




t al (1933),

4. Optimum conditions for the ELISA test

The first procedure was to establish the optimum diiﬁtions
of both antigen and ant%body. boubling dilutions of antiéén from
1:10 to 1:640 were made in coating buffer. A votume of 50 ul of
each dilution was placed in each of the seven horizontal wells of
a 96-well Linbro enzyme immunoassay (ETA) plate. A voilume of 50
ul of coating buffer was put into each of the Last six wetls of
the top harizontal row as an antigen control. The ptate was
incubated overnight at 49,

Twenty four hours later the plate was washed & times with
solution A and 50 ul of four-fold dilutions of antibody was
dispensed into the vertical wells startjng from the second row at
the left side. These diluticns were from 1:20:ta 1:1280 made by
using sotution A as diluent. A volume of 50 ul of solution A was
dispensed in each well of the first vertical row as an antibody
control. The plate was then incubated at room temperature for
one hour to allow biqding of antiboedy to antigen. -

The platec was uéshed 4 times with soltution A and 50 ul of a
1:200 dilution of Hybridoma Screening Reagent was dispehsed into
all the wells. The plate was incubated at room temperature qith
constant shaking for 2 hours. The plate was then washed 4 times
with solution A and 50 ul p-nitrophenyl, prepsred in solution C
at a final concentration of 1 mg/mt and 100 ul of “2-
mercaptoethancl, was added to all the wells. The plate uas agaén

incubated at room temperature for one hour with constant shaking.

Finally 50 ul of solution D was added to all the wells to stop




the reaction and the optical density (0D) of each well was read
in a Micro-ELISA Autoreader MRSB0 (Dynatech) at a wavelength of
410 nm. The optimum dilutions of antigen and antibody were taksn
as those which produced an optical density of approximately 0.4~

1.0,

5. lnactivating agents
The chemicals used Were PF, formaldehyde (BDH), AEI and

beta-propiolactone (BPL) (Sigma).

6. The exposure of antigen to chemical inactivating agents

The second procedure was to establish the effects of
cbemical inactivating agents on the capacity of immobilised
antigyn to bind antibody. The steps of this procedure were as
follows.

A volume of 50 ul of coating buffer containing the optimum
antigen dilution established as above was dispensed in ali 96~
wells of an EIA plate, except in the top left hand well in which
50 ul of coating buffer was dispenszsd as a blank. The plate was
incubated overnight at 4%, TYhe wells were then washed 4 times
with solution A and the chemical inactivating agents wWere
dispensed, Eleven dcubling dilutions in PBS starting with 2%
were made and dispensed in the horizontal wells., The Left hand
wells of each row were kept as antibody controts. 1n one plate
horizontal rows 1-4 contained dilutions of one chemical and rows
5~8 contained ditutions of 2 second. The plates were inchbétgd
at room temperature.

After 24 hours the plates were washed 10 times with soltution

A to remove any traces of the chemicals snd then 50 ul of the
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optimum dilution of the appropriate monoclonal antibody in
solution A was added to all the wells in horizontal rows 1, 2,7 5
and 6 while 30 ul of solution A was added to the wells in rows 3,
4, 7 and 8 as an antigen control. The plates were incubated at
room temperature for 1 hour and were then washed & times with
solution A.

The remainder of the test was then carried out as described

ahove.

Results

Neutralisation inhibition test '

Results of a characteristic neutralisation inhibition test
are shown in Table 9.2, In this initial experiment Llive F422
cells and/or virus were used as it was expected that untreated
antigen would be most Llikely to produce inbhibition of
neutralisation by binding to antibody. It is clear, however,
from the resutts in Table 9.2 that very Llittle inhibition
occurred and then only in the reaction using F422 celis. Because
there appeared to be no effgct with unconcentrated F422 culture

fluid, which was the source of vaccine in these studies, the test

was not considersd to be ussful.

ELISA inhibition
Effect of inactivating agents on FelV-A/F422

The results are shown in Tables 9.3 - 9.6. Each reaction
was done in duplicate and the mean of the optical density .at 410

nm was calculated. The mean of each of the contral reactions
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TABLE 9.2

Neutralisation inhibition test

Conditions of Antigen Foci at these dilutions:®
incubation 4 8 16 32 64 128
37° for F422 cells 20 15 M 7 6 5
2 hours F422 fluid 113 13 13 At 9

F422 cells

and fluid 14 15 14 9 8 10
4° for F422 cells 12 12 14 14 8 1N
16 hours F422 fluid 2 14 16 16 8 13

F422 cells

and fluid 4 1% 11 15 13 13

a. In Experiment 1 the no. of foci in the virus-conthqt'uét(s
were 36, 37 and 38 (mean 37) and in the serum contraL Uetis,
9, 10 and 11 (mean 10).
In Experiment 2 the no, of foci in the virus control wells
were 33, 35 and 37 (mean 35) and in the serum,contrth€glls,

12,.12 and 12 (mean 12).
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{(Wwithout .antibody) was subtracted from the mean of the
corresponding test reactions &and the difference was then
expressed as a percentage of the value for the untreated controt
(no inactivating agent). As shown in the Tables, the variation
between duplicates was relatively small and there was Little
difference between the values among all. of the antigen=free
controls indicating that the inactivating agent did not pﬁdﬁuce
non-specific binding of antibody to the wells.

As shown in Table 2.3, high concentrations of PF inhibited
the binding of antibody to the antigen-coated wells. At a
concentration of 2% the binding was only 23% of the untreated
control. As the concentration of PF decreased, the extent of
binding increaszd steadily until at concentrations of Q.003% and
0.0001% the binding was slightly greater than in the controtbs
(113% and 110% respéctivcty).

A similar result was obtainéd with formaldehyds as shown.din
Table 9.4. In this case, the inhibitjon of binding at 2%
formaldehyde was less than with PF (57% as against 23%). A level
of binding equal to that in the untreated control was found. at
formaldehyde concentrations between C.03 and 0.0M15% and the peak
binding of 145% of the control was again at 0.003%,

The results using AEL and BPL are shown in Tables 9.5 and
9.6. The pattern observed with these agents was guite different‘
from that using PF or formasldehyde. The range of differences in
binding of antibody between concentrations of these agents was
not so marked as with PF or formaldehydz, ranging from

approximately 60% to 106% of the level of the untreated control.




High cancentrations did not inhibit binding as with PF or

formaldehyde.

Effect of inactivating agents on FeLV-ABC/FL74

Similar experiments to those described above for F422 virus
were done using purified FL74 virus and a manoclonal antibody
which neutralised that virus, The results are shown in Tables
2.7 - 9.10.

Using PF it is seen from Table 9.7 that, as in the previous
experiment using F422 virus, the binding of antibody to the
antigen was severely inhibited at high concentrations. At 2%
concentration, binding was only 0% of the control. As the PF
was diluted, the binding increased until the control Lavel was
reached at 0,064, The peak of binding was at 0.03% at which
concentration binding was 133% of. the coniroi, and with further
dilution the Llevel of binding fell off.

The effect of formaldehyds is shown in Table 9.8. As im the
previous experiment with F422 virus, the result was very similar
to that obtained with PF. Also the damaging effect on the virus
appearad to be less than with PF. A peak of binding at 165% of
the control was found at 0.015% and, as with PF, the level of
binding fell off to 1U086% at z formaldehyde concentration of
2.001%.

The results with AEI and @PL were again quite different from
tho;e obtained with PF or formaldehyde. There was little
vartation in the extent of binding at all concentrations. With
AEI, the level was betwean 93% and 135% of the control and with

BPL was between 72% and 92% of the control. There was no
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distinct peak as with PF and formaldehyde.

CISCUSSION

This chapter describes experiments to assess the effects of
four chemical inactivating agents on the FelV antigen involved in
neutralisation. It was hoped that an assay could be developed
which might determine the concentrations of an inactivating agent
which would be least damaging to the antigen. These experiments
were initiated with a neutralisation inhibition test in which
F422 cells end its released felV~A were used but the experiment
was not successful, because it became obvious that large amdunts
of antigén would be required in order to inhibit the
neutralisation reaction. This test was not considered
technically feasible without concentration of virus and was not
therefore not continued.

Another opportunity to carry out this study occurred later
when monoclonal antibodies which neutralised FelV became
available during the course of this work. 1In the second and
third experiments, these were used with FelLV-A/F422 and Fehv-
ABC/FL74. These antibodies were obviously directed against the
antigens which were involved in neutralisation reactions to thz
virus and which were presumably also involved in immunity.
Assays were developed using the ELISA technique_which assessed
antigenicity by measuring the binding of the antibodies to the
immebilised, chemically-treated antigens. This test was

successfutl ang interesting results were obtained which indicated

that the effect of PF and formaldehyde were quite different from




the effects of AEL and BPL and that at some conténtrations,~PFf

and formaldehyde enhanced the binding of antibody,io antigeﬁ.-f

In experiments Wwith F422 or FL74 virus, antigen treatedﬁuith.
PF or formaldehyde, there was reduced binding at higﬁ
concentration of the insctivating agents This reduction was
attributed to the damaging effects of the inactivants. A-similar
effect was observed previously whan one-half of the antigénic{ty
of the glycoprotein of bovine leukaemia virus was- Llost delqu%hg
treatment with 0.05% formaldehyde while treatmentﬁwjth AET'ﬁaé%no
effect (Mitler and van der Maaten, 1978). The effect of PF and
formaldehyde 1is probably due to cross~-linking of adjacent
glycoproteins and destruction of.thé antibody binding sites. In
this study it is assumed that inhibition is caused by a direct
effect of the agent on the antigen bound to the plastici An
alternative explanation 1is that the PF or formaldehyde removed
the antigen from the pLast%c, so that there was a reduced am§unt
of antigen Left for binding to the antibody. White it ié not
possible to eliminate or control for this possibility, it ‘is
considered untikely. Indeed, it is more Llikely that these
fixatives would bind the antigen more closely to the plastic..

With ditution of PF or formaldehyde, there was a reductiqn
in inhibition until a Level of binding was observed whicﬁ;Was
greater than that of the untreated antigen. The concentration of
PFf which gave binding equal to the control was D;QO?-0,00S% for
F422 virus and 0.06~0.03% for FL74 virus. For formaldehyde these
concentrations were 0.03-0.015% for F422 virus and 0.1ZSJDJQ6X
for FL74 virus. Hence, formatdehyde was less Tnhibiting:thén

paraformaldehyde at the same concentrations,




With further dilution, enhancement of antibody binding was
seen with both PF and formaldehyde. The concentrations which
produced greatest binding were slightly differgnt for PF and
formaldehyde, and for F422 virus and FL74 virus. In the case..of
FL74 virus there was a very marked peak of binding at 0.03%4 PF
and 0.015% of formatdehyde. The reasons for enhancement are
unclear. There may be cross—-linking within the glycoprotein
which preserves the antigenic determinant from degradation as is
seen with some strains of foot-and-mouth disease virus (Rowlands
et al, 1972).

There was very Little damaging effect of AEI or BPL on the
antigenicityof either F422 or FL74 virus. However, nejther was
there a clear enhancing effect of these agents, This difference
may be due to the different mode of action of AEI and BPL
compared to the aldehydes, These are more reactive with virus
nucleic acid than with viral proteins (Wild and Brown, 1968) and
might not be expected to damage antibody binding sites.

The relevance of these results to vaccine production is that
they may ¢ive an indication of the antigenicity of virus
following qhemicaL inactivation. The results may therefore act
as a guide in the choice of the concentration of inactivating
agent that should be used, assuming that this concentration
inactivates the virus. It should be remembered, however, that
the antibodies which were used were mouse monoclonal antibodies
and the reaction of these antibodies with FelLV might be different
from that of cat antibodies, although both of the mbuée

antibodies neutralised FeLV, A second point is that antigenicity




is not necessarily the same as immunogenicity and without teésting
the response of animals to virus treated with different
concentrations of each inact‘ivaf.ing agent it is not possible to
answer this question. It would be useful to study this quesfion
in future. It is interesting, however, that the-concentrétion'bf
PF which was used in the successful vaccine expem‘inents (0.02%)
was similar to that which caused least damage to the FelV antigen
in 1;he ELISA inhibition test, and in some cases gave an increase

in antigenicity.




CHAPTER 10

PERSISTENCE OF FeLV NEUTRALISING ANTIBODIES IN CATS

Introduction

On¢e a vaccine is produced which protects against virus
challenge feollowing a primary course of vaccination it is
desirable to determine how long immunity lasts after vaccination
in order to know if and when a booster dose of vaccine might be
required. It was the intentdion in this study to carry out such
an investigation. As a comparison to artificially produced
immunity it was also considered valuable to attempt to find how
tong immunity Llasted following recovery from natural exposure to
FeLV. In the event it was not possible for reasons of time to
complete the first part of the proposed study but the second part
was begun.

It was considered that the presence'of virus nautralising
antibodies in the serum was a good indicator of the immune statgs
of cats to FelLV since it has been shown that maternal antibodies
protect against FelV challenge (Hoover et al,1977a; Jarrett et
al, 1977) and that cats which have neutralising antibodies
following recovery from natural or experimental infectiom and are
then housed together with virasmic c¢ats do not become viraemic
(Jarrett et al, 1982a. However, there is very LittLe.exﬁspiﬁg'

information about the persistence of antibodies to FelLV. B8oth

Hoover et al (1977a)and Jarrett et al (1977) studied maternsl

antibodies in kittens of FeLV—immune queens and showed that. the
half-life of virus neutralising antibodies was approximately 14

days. There is, however, no published data on persistence of
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antibodies after natural fnfection in the'apéen¢e of continuing
exposure to virus*excfeting cats.

The plan of the ‘present experiment was to expose‘a graup- of
Té=-week old‘cafg to nafurat thallenge with FelLV and to observe
their response. It was-expected that most of the cats wdgﬁd
recover from the infection and develop neutralising antibéﬁgés
(Hoover et al, 1976; Pedersen et al, 1979). MWhen the pattern
became established, half of the recovered cats would be housed
with any cats which developed persistent viraemia and half would
be housed separately. The cats wWould then be sampled %f
intervals to measure their levels of virus neutralising
antibodies and the influence of_the presence or abgﬁnce~of
constant exposure to FelLV.on the persistence of antibodi?s would
be determined. During the course of the experiméﬁt the
phenomenon of FelV Latency was discovered (Post and Warren, 1980;
Rojko et al, 1982) and latently infected cats were subseq&éﬁtly
found in the cats in the-présent experiment by Madewell dﬁa

Jarrett (1983).

Materials and Methods

Four, 8-week old cats were infected by intraperitoneal -
inoculation of 1 mL FeLY containing 1.8 X 102 F1y. These cats
became persistently viraemic and when & months oL&-were used: as
donors. The cats were mixed with-19, 16 ﬁeék*btd“kittens'whiﬁh
were free of FelV and virus neutralising antibddﬁes.' ALL of the
23 cats were housed in .2 room with a floor area of 10 m2, The 19

recipient cats were sampled at 4, 16, 20, 22, 27, 35, 60, 7D'ééd=
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83 weecks after exposure to the virasemic cats and were tested, for
viraemia and virus neutralising antibodies. Femoral bone marrow
biopsies were taken at 20, 35, 60 and 88 weeks by B.R. Madewéit
or 0; Jarrett and cultures were set up as described in Chaptepsﬁ.
The culture fluids were tested for infectious FelV. At.ZO"an6335
weeks after mixing, these cats were tested for viraemia and for
the presence of latent FelLV in-the bone marrou; In the light of
these results the cats were distributed in three houses as
follows. The cat numbers are shown in Table 10.1.

House 1 contained all 3 cats which were viraemic (cats 17,
12 and 19) together with cats 3 and 4 which were classed as
having recovered from the infection, and cats 6, 13 and 18- which
had a latent infection., These cats were kept in the original
room.

There were no viraemic cats in Houses ¢ or 3.

House 2 contained cats 1 and 2 which were recoverasd and cats
10 and 11 which were latently infected.

House 3 contained cats 5, 9, 14 and 15 which had latent

infections. The area of Houses 2 and 3 was & m2_

Results

The virus neutralising antibody titres of the cats over a
pericd of 88 weeks from the time of first exposure to FelV-
infected donor cats are shown in Table 10.1. The cats have been
pLaced-in five classes depending on whether or not FeLV was
isolated from their bone marrow and on the number of cccasions ‘on

which virus was isclated from the bone marrcw. Bone marrow
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examination was done at weeks 20, 35, 60 aznd 38.

Class 1 consists of cats from which no virus Was isolated dn
the cultures of bone marrow. These cats were considered to have
recovered from the infection and their status in Table 10.1 is
given as "R". <(Classes 2, 3 and 4 include cats from uhich-vﬁpﬂs
was isolated in bone marrow cultures on 1, 2 or 4 occasidﬁs,
respectively. AlL of these cats were considered to have a tatent
infection and were designated "L" in Table 10.1. The reason uﬁy
virus was found on only one or two cccasions in some cats may
mean that at lLeast some of these animals might have recovgréd
from the latent infection and should be included in the'!ﬁ"
group. However, another reason might be that there is
considerable sampl%ng error in oblaining latently infected cé@ls
in the bone marrow biopsies, and that in fact all of these cats
have a Latent infection. Class 5 ¢ontains the three cats which
developed a3 persistent viraemia. Although not shown iﬁ the
Table, FalLV wa; isglated from bone marrow cultures of these cats
on each occasion.

The housing of the cats is indicated in Table 10.1 by either
“isolated" or "viraemic". "Isolated" means that the cats ﬁgre
housed with other recovered or latently-infected cats and were
not in contact with virasmic cats so wWwere not continuously
exposed to exogenous FeLV. ‘Viraemic" means that the catsiwefe
kzpt in the same house as the 3 persistently viraemic cats.

The conclusions from the results in Table 10.1 were that
non—-viraemic cats appeared to fall into two categories of

antibody producers. Some cats, Llike cats 1, 3, 10 and 14,




responded with low titres of virus neutralising ant%bgé{éé
(titres of 2-16) white the remainder produced higher %ﬁﬁfé;'kﬁp
to 128). These two categories did not correspond to any-qthgn
ctassification used H\thiSsé?periment. For examble,-fhe:ﬁiéh-
responders were not exctusively Llatently infected-cats ar cégs
which were continucusly exposed to viraemic cats. .In_f9ct,'fhé§e
cats were distributed between alt of the classes.

Another important finding was that, once establisged;nfhe
Level of the virus neutralising antibody titre did not-VSFy'
significantly throughout the period of the eprfihent;- This-
result means that sxposure to viraemic¢ cats is not-nepessary ﬁo
maintain the level of wvirus neutralising aﬁtibdd{esvin the sbﬁdm

of cats which have been exposed to natural FeLV infection.

Discussion

The results of this experiment appear to show that the ti&re'
of FelLV neutralising antibodies is maintained 1in cats for a
period of over one year whether or not the cats are conﬁ%nuguﬁ#y_
exposed to cats excreting FeLV. The. results indjcateifﬁét
fotlowing contact infection a cat becomes a'low-or a;high'
responder. In this experiment the reason.for this is not clear.
It does not appear to depend on the time taken for a cat to;be

infected and produce antibodies since cat 2 did not have . .

antjbodies until 27 weeks and was then a relatdvetyﬁ-:

responder, while cat 3 had antibodies at 16 ueeks:aﬁd-bgéqmefé?

Low responder. If the period taken for the animat to-qudﬁée 

antibodies is dependent on the dose of virus to which it was




axposed, this result suggests that the level of antibodies might
not necessarily be correlated with the infecting dose of virus.
The results also show that cats which appédr to Have
recovered from the dinfection {in that no virus was isolated
from their bone marrow cultures) or Llatently infected cats may
have either Low or high antibody levels. This result suggests
that virus continuously being released in latently-infected cats
may not be required to maintain antibody levels. A major problem
in interpreting these results is that it is not possible to
completely aliminate the possibility that all cats which become
non-virazmic following exposure to FelV are Latent carriers even
though the virus cannot be isolated from their bone marrow. It
is possible that virus -may be latent in other cells in the body.
This would mzan that cats, like cats 1-4, which are considered to
have recovered from the infection and eliminated the infection,
might have a latent infection. This might explain why in these
cats the antibody levels were maintained. If, however, it is
assumed that the "recovered” cats were not latently infected, the
relevance of these fTindings for vaccination is that once an
antibody titre 1is established, it might be.maintained for a long
period. Unfortunately, in nonz of the experiments described 'in
Chapters 4, 7 and 8, were c¢ats found with virus nzutralising
antibodies after vaccination but before challenge., Therefore,
although the vaccinated cats appeared to be immunalogically
primed by the vaccine and many made antibodies following
challenge, it is not possible to predict from the results

presented here whether or not, without challenge, their immune

status would persist for as long as the antibodies found in. this
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experiment. To obtain this information, vaccinated cats-wguld
have to be maintained in isolation. for an appropriate period“and
then challenged with Live virus. The major probtem in such an
experiment 1s that 1f the cats were kept until -they were adulits
and then challenged, only a small proportion of the unvaccinated
cats would bzcome viraemic, so it would be very difficult to show
any difference between vaccinates and controls unless very large
numbers of animals were employed.

The results in Chapter 8 shdued that following chatlenge,
most of the vaccinated cats became latently infected.. The
experiment was not carried on long enough to know if this was a
permanent state. However, these cats developediitres of virus
neutralising antibodies. From the results of this chapter, it
seams Likely that the antibody titres fotlowing challenge would

persist over a long period of time.
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CHAPTER 11

GENERAL DISCUSSION

In the experiments described in this thesis, a viral vaccine
was prepared against FeLV infection which protected over 80% of
vaccinated kittens against oronasal challenge with a dose of
virus which caused persistent viraemia in all or most of the
unvaccinated controts. This vaccine was more effective than any
previous inactivated FeLV vaccine prepared from virus and was as
effective as previous non—infectious cellular vaccines. -In
addition, the quantity of the viral antigen in the present
vaccine was much Lless than in previous viral vaccines and
therefore the vaccince would be relatively finexpensive io
manufacture. The vaccineg is now at a stage where it could be
tested for its capacity to protect cats from FeLV under field
conditions.

There were three stages in the development of the vaccine.
First, several chemical inactivating zgents were tested and
paraformaldehyde was chosen for further study (Chapter 4),
Secondly, two adjuvants, saponin and incomplete Freund's were
compared and the Latter was selected (Chapter 7). Thirdly, the
effect of antigen dose and antigen type was studied (Chapter 8).
The final vaccine was produced from the culture fluid of F422

cells, was inactivated with D.02% paraformaldehyde, formulated

with AL(OH)3 and incomplete Freund's adjuvant and was given.by

two intramuscular injections, thrze weeks apart.

bDuring the development of the wvaccine, consideration had to

be given to the following matters: first, the source of antigen




and choice of inactivating agent; sccondly, the vaccinétibn_énd
challenge schedule; and’thihd£y, the measurenment of the rgsﬁonse
of vaccinatéd-cats_to the challenge. In this chapter, thgse
points are disbﬁssed in relation to the present results and the

previous results of others.

1. VYaccine preparation

a. Source of virus for felLV vaccine

F422 cells growing 1in suspension and producing large
quantities of FelV-~A (Rickérd 35'33, 1969) were used. Most
previous vaccines have used FLT74 celLs.which.produced»FeLVnﬁéc
(Jarrett et al, 1974, 1975; Pedersen et al, 1979). The reasons
why many earlier experiments were done with FL74 cells was-
because these produced FelV of atl three subgroups of FeLV; so it
was considered that immunity might develop against all three. .It
is now known that most of the gp70 antigen in EL74 virus is FEEV~
¢ ( Russell, 1977).and .very little is FelV<A, §idﬁe
it i3 Likely that protection against FeLV-A i5 most importaht
(Jarrett and Russcll, 19783, in this work a celbl tine producing
FelLV-A was usad as a sQurce of vaccine virus. The choice of
virus=producing cells was between F422 and FeLv=A-infected FEA
cells. F&422 ceﬁts were favoured because they produced about.10
times more virus, in terms of viral protein, than EEA cé(Ls.
Since FelV-A isolates appear to belong to one‘se;otype.ﬂﬂuségtL
and Jarrett, 1978a), immunity to one FelV-A might be expected to
protect agzinst infection by any other.

The conditions for the production of F422 cells were studied
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(Chapter 2) and it was found that hy maintainiﬁg the celis atz
high concentration {(greater than 106 per mbL) and harvesting the
virus 24 or 48 hours after setting up the culture, good yields of
infectious virus were obtained. In this way large -quantities bf
virus could e produced very rapidly for vaccine production.
However, attempts to use a less expensive medium (RPMI-1640) in
place of L-M wWere not entirely successful. It is possible,
however, that in future F422 cells could be selected to grow in
RPMI or another madium and in lower concentrations of FCS. The
content of FCS in the vaccine might be a problem for two reasons.
First, these serum proteins might cause hypersensitivity
reactions in cats given several doses of vaccine. Secondly, the
proteins might inhibit the adsorption of inactivated virus to
ALOOK); in the vaccine. Further studies to reduce the content of
FCS in the F422 culture medium would be useful.

In this work it was decided to use unconcentrated culture
ftuid (Chapter 8) as far as possible since this would be more
economical in vaccine production than concentrated virus. In
previous studies of viral vaccines, others have used very
concentrated virus. For example, Yohn et al (1976) used a dose
of 3 X 1010 virus particles of FeSV and a similar gquantity of
Rickard FelV inactivated with formalin or UV-Light. OLsen_gg__L
1977y used 101 particles of UV~irradiated FeLV from FL74 cells,
while Salerno et al (1979) used 100~times concentrated formalin-
inactivated FeLV-ABC/FL74 and Pedersen et al (1979) used 200-
times concentrated formalin-inactivated FelV-ABC/FL74.

The experiment in Chapter 8 showed that there was Little

difference between a vaccine which contained the equivalent of
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unconcentrated virus and one which Wwas ten—times concentrated.

Although in these cexperiments the vaccine virus was not
concentrated, in fact the virus was concentrated and then diluted
in the course of washing to remove the toxic inactivating agénfs
in order to assay tor residual infectivity. In future it would
be of interest to find if washing is necessary to obtain an
efficient vaccine. This would alsoc determine whether there were
any substances in the vaccine which were immunosuppressive ({(e.g.
p1SE). Avoidance of washing the virus would, of course, be more
economical in the production of a commercial vaccine. Antigens
used in the present studies were FelV-A/F422, FelV-A/Glasgow=1
and F422 cells. The viruses were used concentrated tenfotld or
unconcentrated, while F422 cells were ussd at 3.5 X 106 cetls per
dose. The general indication was that the best antigen was. that

obtained by using unconcentrated Fel.V-A/F§22.

b. Inactivatiﬁg agent

In these experiments paraformaldehyde was chosen for several
reasons. First, there was experience of PF in previous cellular
vaccines produced in this leboratory which induced anti-FOCMA
antibodies (Jarrett et al, 1975) and protected cats against FelV
challenge (W.F.H. Jarrett — personal communicationl. .Therefore,
PF appeared to preserve the antigenicity of viral antigens.
Secondly, the kinetics of inactivation of both MSV(FelLV-4) and
F422 virus were Lless complicated than with the other inactivating
agents tested (Chapters 3 and 7). COther advantages are that PF
is relatively less toxic for man than AEIL and BPL and is

inexpensive. Disadvantages of PF and formaldehyde are that with

122




some viruses there is a persistent fraction of virus which is
resistant to their .action. Gafd (1960, in a classical'study,
showed that this occurrad during inactivation of poliovirfus with
formaldehyde and suggested that the reason was that the inifia{
reaction of the agent with viral capsid protein made the virus
particle less permeable to the agent so that the rate of
inactivation decreassed. A recent exampite of the tragic
consequences of the failure of formaldehyde to inactivate viﬂus
completely was the recent outbreaks of foot-and-mouth disease ‘in
france, the Channel Islands and the Isle of Wight (DonaLdsdnjgg
al, 1982). It was obviously very important to ensure that all of
the virus used in the present vaccine Wwas inactivated. Under the
conditions used (0.02% PF for 24 hours at 259 no infectious
virus remainea in the volume of vaccine tested which was about
10% of the total volume. Another potential disadvantage of PF lis
that it may decrease the antigenicity of virus by cross-linking
adjacent molecules and destroying antigenic sites (Miller and Van
der Maaten, 1978). This appeared to occur with FelV inTthis
study when treated with PF or formaldehyde at hiéh
concentrations., However, as discussed in Chapter 9, there;ﬁés
enhancement of antigenicity of both FL74 and F422 virus at low
concentrations of these agents. At the concentrations used in
the vaccine (0.02%), the antigenicity was equal to, or greater
than, untre;ted ant igen.

In previous studies Pedersen et al (1979) and Salerno et al
(1979) used formaldehyde to inactivate FL74 virus. Pedersen and

his co-workers inactivated Fel.V-ABC/FL?4 with 0.1% formatdahydé




overnight at 49.prior to use. This vaccine was xestéd.ior=05ra{-

residual infectivity and was used emuLs1f1ed w1th Freund 'S,

incomplete adJuvant ar AL(DH>3 to . vacc1nate 16~ueek old k1tteny”

SaLerno and his co-workers purified the virus and treated it w1th4~

0.025% formalin for 21 days at 49 and used the" product with: and:-
without Freund's complete adjuvant to vaccinate guinea pigsl
Other inactivating agents which have been used_tpiprepare;ﬁetﬁ-
viral vaccines are ultraviolet UV) irradiation énd:hea;fﬂﬁyhhggg
al, 1976 and Olsen et al, 1976). Yohn and his co=workers used
Uv-inactivated FeLV-ABC/FLT4 with adjuvant-65 to vaccinate. 'c'fj'éit'_':__s,.'
This inactivation was dgne by an exposure of thehvitus.éUrfaEéﬁéél
an UV dose rate of 150 ergs/sq. mm/sec for an'>acq@mﬁtated £6ﬁaL

dose of 35,000 ergs/sq. mm. Olsen et (1976) prepared thewr

al
FeLV 'vaccine by thermal inactivation of FelV at 56° for three
minutes or 45° for varying times ranging from 0 tb.SDHmjnuﬁes,
but in the latter case the inactivation was insuffﬁ;iéht3t0jk§tL.
all virus. Virus was EOmpLeteLy inactijvated opLy after 100

minutes. In the present vaccination éxperiments,.vapyﬁhg

concentrations of several chemicals were used and the chem1caL

and concentration chosen was 0.02% paraformaldehyde at 25° for 245
hours. The results of testing of the inactivated VTPUS for ynrat
residual infectivity were that complete inactivation 'was

achieved.

c. Adjuvants
THwo adjuvants were used in the'present Vaccﬁheiuﬁﬂlibﬂ)
incomplete freund's adjuvant (ICFA). AL(OH)3 ‘had. been"us =

before in FeLV vaccines by Jarrett et al (19?5), Pedersen\e




(1279 2nd Saterno ot al (1978). In the study of Pederscan El_iL
(1979) there was a comparison of AL(OH)j and ICFA used with an
insctivated FLY4 virus vaccine. The number of cats in =zach group
in the experiment was small, but there did not appear to be any
difference in the efficacy of either vaccine.

In all of these studies and in the present experiments,
there was no indication that AL(OH)y or ICFA gave rise to side
effects, In Chapter 3 evidence is presented that 75% of virus
adsorbad to AL(OHIz in the concentration used (one-tenth volume
of 24 AL(0H>3). in some other vaccines AL(OH)3 is used at higher
concantrations (up to one~half) and it would be interesting in
future to examine the adsorption ?f inactivated FelV to higher
concantrations. It might be possible by using adsorption of
virus to ALWOR), to eliminate the washing of virus by
ultrafiltration in order to remove toxic products of
inactivation.

Saponin was tested as an adjuvant in the early part of this
work (Chapter 5) but was not considered very satisfactory. In
the first experiment (Chapter 4) the saponin produced side
effects of pain and swelling at the site of injection, and fever.
When saponin was subsequently used at a concentration which was
not harmful, as determinad by the experiment described in Chapter
5, it did not givé as. good a response as ICFA.

ICFA did not appear to have a harmful effect on cats.. 0ilt
adjuvants are currently used in a kitled combined feline
calicivirus, feline herpesvirus, feline panleukopaenia virus

vaccine (Maxicat-plus; TVL Ltd) ancd no side effects have heen

reported in the field. In other studies on FebLV vaccination,
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ICFA has boun usad (Padersen et 2b, 1972, Complete Freund's
adjuvant (CFAY has also beesn used and although it produces
graznulomata in mapy species, there was no mention in the work of -
Yohn et al (1976), Salerno et al (1978) or Grant et al (193D

—— _ e

that any harmful =ffects were noted in csts.

2. Vaccination schedule and challenge

A major probtem.which Was encounterad By many previous
workers on FelLV vaccination js the age-related resistance to FelLV
infection in cats (Hoover et al, 1976). Kittens otder than about
14 weeks of age are relatively resistant to the type and dose of
challenge which is usually given. Because of this problem, in
some studjes it has been difficult, if not impossible, to
determine whather a vaccine has been successful or not since: the
response af the vaccinates and controls to challenge was simitar
(Salerno et al, 1979).

To aveid this problem, in the present study, cets were
vaccinatod and challenged before they were 12-13 weeks of age.
The cats were vaccinated when 3 weeks old and again 2-3 weesks
Later. They were than challenged 1-2 weeks following the last
vaccination. In this way all or most of the control cats
developed & persistent virazmia and if 2 vaccine was effective,
the resistance of the vaccinated cats should be obvious. In the
first experiment of this study {(Chapter &) not all of the

unvaccinated control cats became viraemic foellowing chaltenge,

This was almost certainly due to challenge with too Low a dose of

virus sincz in the second and third vaccination experiments, the




dgministrotion of ¢ worager dose (4.5 X 9% - 1 x 106 FIW

producad parsistent viraemia in €/6 cats in each case.

Tha gppropriate FeLV challenge dose was determined 1in an
experiment desgribed in Chapter 6. The challenge in these
axperiments was given by the oronasal route in order to simulate
natural contact challenge. It was shown first by Hoover et al
(19722 that ‘intranassl instillation of the Rickard strain of Felv
in nevwbarn kittens gave rise to o persistent viraemia and then.to
the development of lymphosarcoma. The time course of the
zstablishment of viraemia in 3-wecek old and 16-week old cats
following aronasal administration was subsequently determined by
Jarrett et al (19822) and their technique was used here. 1In that
study, it was found that 4/5 d-uweek old kittsns asnd 5710 16~week
old kittens bacame permanently viraemic following exposure to 105
FIY of FetV=A/GlLasgow~T1., In addition, transient virazmiz was
found in almost all of the kittens which sventually recovéred
from the infection. It was found that kittens with transient
viraemia could be detected 3 wecks after infection. Following
challenge, therafore, the kittens in the present experiments were
tested at 3 weeks for evidence of transient viraemia and later
for persistent viraemia. In different experiments tne timinglof
tho testing for oersistent viraemia was slightly different. It
was found, however, that there was Little change in the virus
status of the cat from 12 wecks after challenge.

In most other studies on FelV vaccination, the challesnge has
been by subcutanesous or intramuscular inoculation of Falv or,
more commonly, Fe3V. Although the time course and outcome of

paranteral inoculation of FelV is similar to that following
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oronasal administration, there may be differences in the sﬁéed
with which the virus spreads to the bone marrow. It may be that
virus given by injection will infect.bohc.marbuu cells 'more
rapidly than if given oronasally, ‘and might, therefore, be less
susceptible to anti-viral immunity which 1is produceﬂ by
vaccination. 5o far the only carefully controlled study using
natural contact transmission was that of Pedersen et al (f§}9x
In their experiments, groups of 4-6 vaccinated or unvaccfn%ﬁed
control kittens which were approximately 20 weeks old were thBEd
with 2-3 viraemic cats. Under these conditions, 10/25 404> of
the unvaccinated cats became persistently viraemic. Thug;'in
these experimenis, the proportion of cats which becgme
persistently viraemic was much Lless than in the present
gxperiments. In another experiment involving contact
transmission, Olsen et al (1980a)used their soluble tum?ﬂr~
associated vaccine to vaccinate 45 FetV-free cats. in a household
of pet cats in which FelV. was enzootic. Of these 45 cats; 12
(27%) developed persistent viraémia. Eight of these ‘cats
developed viraemia during the vaccination procedure, and jfﬁﬁﬁgse
are excluded from the resuits, only 4/37 (11%) appeafedifoFSE;;ﬁe
viracmic following natural challenge. This suggests a high=ié§eL
of protection. However, a major objection to fhis_study is fhe
Lack of age- aﬁd sex—-matched, unvaccinatad cantféls. The any
indication of the prevaléence of persistent viragmia in
unvaccinated cats was that :ithat 29% of the cats iAvthe house: were
FelLV-positive before'the~vaccﬁnétionvprogrémme began;

In several other experiments the chalienge FelV was given by
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injection. Jarrett et al (1973) vaccinated kittens with live

FL74 cells and challenged by subcutaneous inoculation of 107

infectious units of FelLV-AB/Glasgow~5. The cats were & months
old when challenged and 3/10 of the vaccinated and 9/10 of the
unvaccinated cats became persistently viraemic. The reason for
the success of this chatlenge in producing viraemis in sqch.a
high proportion of 16 month old animals is presumably the h{gh
dose of virus which was used.

In another experiment Hoover et al (1977b) vaccinated
pregnant queens with FeLV-ABC/FL74 virus inactivated by uv-~
irradiation. Only one of ten queens developsd virus neutralising
antibodies. The kittens of the vaccinated queens were inobculated
intraperitonzally with 10° felLy~AB/Rickard when they were 2. days
old and 18719 became pzrsistently viraemice. Similar results were
obtained by Salerno et al (1979).

ALl of the other investigations of FelL¥ vaccination have
used challenge by FeSV. There are three main reasons why FeSy
has been used rather than FeLV. First, when experiments on
vaccination began, it was believed that anti~-FOCMA antibodies
were responsiible for, or were a measure of, immunity to FelLV
(Essex et al, 1975 D). Anti=fOCMA antibodies could be raisad in
cats after vaccinstion with Llive FL74 cells or inactivated FL74
celts (Jarrctt et al, 1975; Pedersen et al, 1979) or uv-
irradiated FeSV or FelLV (Yohn et al, 1976). Essex et al (1971)
showed that the Llevel of anti-FOCMA antibodies was important in
inmmunity to FeSV. Hence many studies have used challenge with

FeSV following FelV vaccination and have used the development, -or

not, of sarcomas as an indication of the efficacy of vaccination.
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A sccond reason for the use of FeSY is that tumours occur in

weeks rather than in months or years as is the case with FelV,
Therefore, experimznts can be done much more rapidly with FeSV
than with FeLV challenge. In the experiments described in this
thesis, FelV was used as the challenge since it was believed that
the biology of FeSV and FelV was quite different. For example,
in tumour development by FeSV, the tumour is palyclonal and. the
sarcoma virus transforms many cells and spreads to further cells
to recruit them inte the tumour. On the other hand, FelV is
thought to transform a single cell which then growus into a
tumour, often after a very long incubation period.

Another rcason why FelV is considered a more appropriate
challenge virus is because it was subseguentty shown that FelV
neutralising antibadies are more related to resistance to FolV
infection than anti-FOCMA antibodies (Hardy et al, 1976; Russell
and Jarrett, 1973b).

In future it would bz useful to test the present vaccine
under natural conditions of challenge with FeLV since it may ‘be
that natural contact transmission might not be so severe asithe

oronasalt chatienge used in the pressnt experiments.

3. Response of vaccinated cats to FelV chatlenge

It was considered unnecessary in the present experiments to
wait for Lymphosarcoma to develop in cats in order to test the
efficacy of a vaccine. The only experiment in which this has
been done 1is in that of Hoover et al (1977B}. Instead, . the

development of viraemia was taken as a marker of FelV infection




and freedom from viraemia by vaccinated cats following challenge
was considered an indication of efficacy of the vaccine.

There is very good evidence that the vast majority of cats
which are FelV-negative do net develop diseases whiéh are
believed to be Fel.V-related. Hardy et al (1976 ) showad that by
eliminating FeLﬁ carrier cats from households of pet cats in
which the infection had been enzootic, the virus was atso
eliminated. In additien, there was no occurrence in the
surviving cats of Fal.V-associated diszases. In a follow=up study
of these cats, McClelland et al (1980) showed that the fatality
rate over 3.5 years was 83% for FeLV-infected cats but only 15%
for FelLV-negative cats after FelV had heen eLiminath from the
households, From this evidence it was consi.der‘ed in the present
experiments that the cfficacy of a FelV vaccine could be assessed
by the capacity of the vaccineg to prevent virasmia.

Two types of viraemia were detected: transient and
persistent. Protection against persistent viraemia was the most
important indication of the afficacy of a vaccine. 1In the later
experiments described here, cats were sampled 3, 6 and 12 weeks
after challenge. It was found in the experiments described in
Chapter 7 that the viraemic status of a cat did not alter after
12 weeks. The method used to detect virus in the blood was virus
isolation from the plasma since Jarrett et al (1982a) showed that
this method was the most sensitive for demonstrating virus.

The cats were also tested for a transient viraemia at 3
weeks after intection. In a previous study in which this ‘has
been studied, Pedersen et al (1979} found that a2 formatdehyda~

inactivated FL74 virus vaccine did not protect cats from
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transient virsemia following contact infsction, in that 7/26
(2Y%) of vaccinates developed transient viraemia wbioh“wés
similar to the proportion of 6/25 (24%)} in the cont.rols. Hou--'e(i'gr
only 3/26 (12%) of the vaccinates became persistently infeﬁfgd
compared to 10/25 (40%) of the controls. The results_infth@*
present experiments were similar to those of Péderééngéﬁdm
cotleagues. It was found that more cats became transjénéfy
virazemic than became permanently viraemic., For example, fhe
results in the tLast experiment of FelLV vaccination (Chapter-&)-
were that in vaccinated groups €1, C2 and C3 the number.of
transiently virasmic cats were 1, 2 and 3 of 6 (17,.34 and‘SZK)
respectively compared to the number of the permanently vi-Faemjc
cats in thé same groups which was O, 1 and 2 (0, 17 and 34%)
respectively. This was in contrast to groups €4 and €5 (culture
fluid control and unvaccinated cats) in which the Eésult was that
6 of 6 (100%) became permanently viraemic in both cases.

It would be preferable if a vaccine could prevent transient
viraemia as well as permanent viraemia for two main reoasons.
First, it was shown by Jarrett et al (1982a) that kitf@hs
excreted virus from-.the mouth during the short time 5f-a
transient‘viraemia. They may be able to transmit vifué_fo other
cats during this short pariod. Secondly, following transiént;
virasmia a latent infection may be estsblished, as discu;éed
betow. It would be useful-if both of these situations cbuqubg
prevented.,

The other measure of the efficacy of the vaccine was the

development of virus neutralising antibedies in vaccinated cats.
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Hone of the vaccinated cats in these oxperiments produced
antibodies after vaccination and before challenge. This finding
agrees with the results of other studies in-which kittens were
vaccinated. Only after vactinating adults with six repeated
doses of UV-irradiated FeSV, did Yohn et al (1976} consistently
find virus neutralising antibodies, and only in Low titres.
However, it appeared that the vaccinated kittens were primed by
viral antigens since following challenge most cats responded by
making virus neutralising antibodies. Those cats were FelV-
negative, uwhich 1s a similar situation to that in the field
following natural challenge (Hardy et al, 1976; Russell and
Jarrett, 1978b)., While the presence of virus neutralising
entibodies indicates that a cat is Likely to be Fekv-free, it s
not certain that it is these antibodies which are responsible for
suppressing the growth of the virus in the cat. For example,
cetl mediated immunity may be very important in killing virus-
infectad cells.. However, antibodies can also kitl Tfeline
Lymphosarcoma cells in the presence of cat complement (Grantﬁgg
akl, 1980) and recently it was shown that mouse monoclonal
antibodies which were cytotoxic were also virus neutra[isfng
Grant et al, 1983). 1t is Llikely, therefore, that nautralising
antibodies are. important in suppression of virus and virus-
infected calls.

Antibody to FOCMA was not measured in these experiments
because 1its presence does not indicate that a cat 1is resistant. to
FetV infection (Hardy et al, 1976}, The experience of others
using inactivated virus vaccines is that anti-FOCMQ antibodies do

not appear in vaccinated cats before challenge {(Pedersen et al,
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1%79).  Anti-FQCMA antibody does appcar, however, 1in cats which
are vaccinated with Llive FelV or FelLV-infected cells Uarrett-et
al, 1974; Pedersen et al, 1979; Grant et al, 1980) or with
inactivated FeLV-infected cells (Jarrett é}_gl, 1975; Olsen et
al, 1976; Yohn et al, 1976; Pedersen et at, 1979).

A scoring system was used in the studies described here 1in
order to assist in grading the responses following vaccination.
The aim of this system was to give an indication of which of
several vaccine types was most efficient. As described-in
Chapter 4, both the virasmic status and antibody status of the
cats in a group wWere taken into account. A summary of the
results of the three vaccine experiments is shown in Table 11:1.
From this, it 1is ses=n that the scoring system was a useful aid in
selecting vaccines for further development. No other studies on
Fel.V vaccination have used such a system, but a scoring system,
based on clinical signs following challenge, was used in the
development of a vaccine against feline herpesvirus - (Slater and
York, 1975).

A third response of cats to fFelV challenge was also
investigated. While this study was in progress the phenomenen of
FeLV latency was discovered (Post and Warren, 1980; Rojko §3h§¢,
1982; Madewell and Jarvett, 1983). It was considered important
tao determine whether cats which appesared to be protectaed from
fFet.lV challenge by vaccination were latent carriers of the virus.
Cats which had resisted chalienge -in group C1 vaccinated with PF-
inactivated F422 virus as described in Chapter 3 were examined

and some were found to have tatent virus. 1t is interesting that




TABLE 11.1 %

Summary of Efficacy Scores in Vaccination Experiments

Group Score Rank
Na. Vaccine Virus - Antibody Tatal
A1 PF{1) 0 325 325 1
A2 PF{10) 75 300 375 2
A3 AEI(1) 225 600 825 &=
At AEI(ID) 75 350 425 3
A5 DINP/PF(1) 25 525 550
A6 DTNP/PF(10) 50 475 525
A7 F422 cells 425 600 1025 8
A8 Unvaccinated 225 600 825 6=
B1 PF(ICFA) 232 . 550 782
B2 PF (Saponin) 300 567 867
B3 Unvaceinated 600 600 1200
C1 Fa22(1) 64 283 347 1
c2 F422 (10} 142 270 412 2
C3 FelLv-A{10) 382 549 9351 3
C4 Control Fluid 550 600 1150 4
£5 Unvaceinated 600 600 1200 5




these cats did not show even a transient viraemiz but had latent -
virus. This indicates that the Qaccine did- not’ preventzjnitfaL
virus growth or spread from the oropharynx to the-boﬁe marrow.
It is not known how Long latent virus is maintained in tlie béne
marrow., Recegnt studies have indicated that the proportﬁéﬁgbf.
cats with Llatent infection following natural FelLV chglfeﬁge
decreases from about 60% at 20 weeks after exposure, to 25%aaifqp
&0 weeks (0. Jarrett, personal communication). It will be-
impartant in future to test vaccinated cats with Laternt
infections over a longer period of time than the 12 weeks in.the
present experiment. Another important question is whethaer or nét
Latent carriers of FelV can transmit the virus. At present there

is no evidence that they do (Hadewell and Jarrett, 1983).

4.  Future Studies

For the future it would seem to be important to develop an’
improved vaccine which would induce virus nsutraltising antibédi%s
in young kittens before challenge with Llive FelLV. The preséﬁt
experiments indicated that this might not be acﬁieved simply. by
increasing the dose of antigen in the vaccine. Also the vacc%ne
of Pedersen et al (1979) was even more concentrated than those
used in the present experiment (equivalent to 20-fold greater
than the most concentrated vaccine usad here) and did not acﬁiéve?
better re;ults. It may be that the use of ‘more efficient
adjuvants might increase the immunogaenicity of the vaccine.
However, the development of better adjuvants than those used here
has been vary siow. The use of saponin in the present study Qés

not successful,
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It would seem that one of the most effzctive ways of
imerunising against FelV would be by using a modified live wvirus
vaccine, Jarrett et ak (1975) used Llive FL74 cells and protected
3/% cats against a challenge of FeLV which produced parsistent
viraemia in 9/10 unvaccinated controls. In a similar zxperiment,
Grant et al (1980) protected all of 11 cats against challenge
with FeSV. Pedersen et al (1979) used live FL74 virus and
protected 28/28 cats from a natural challenge with FeLV which
producad persistent virazmia in 15/37 controls. None of the cats
vaccinated with Live FLY4 ¢ells or virus showed any signs of
becoming virasmic following vaccination. Tnis is because the
FL74 virus has a very lLow specific infectivity which 1is only
about 1072 that of FelV grown in monolaysr cultures. While the
use of this naturally "attenuated" virus dis suporficially
attractive, it is unlikely that such a vaccine could be used in
the field since FL?4 virus caused erytihroid hypoplasiz when
inoculated into newborn kittens, presumably because of its FelLV-C
component (Hoover ¢t al, 1974), The vaccination experiments
described above have all been dane in cats which were several
months old and resistant to FL74 virus infection (Hoover et al,
19763, Even in & weck old kittens which arc normally resistant
to FelV~C, this virus can he fatal 1if the animals are
immunosuppressad for some reason (0. Jarrett, personal
communicationl.,

The type of modified Live vaccine that would appear te offer
the best chance of success is a temperature sensitive (ts) mutant
of FeLV which could be given into the upper respiratory tract. A

successful intranasal vaccine has been developed using a ts
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mutant of feline herpesvirus (Slater and Yark, 1975). This virus
grows 1in the nose and immunises the cat but does not become
systemic, Retrovirus ts mutants can be obtainsd although one
problem is that they may revert {Wyke, 1976). However, it would
be interesting teo attempt to produce such a vaccine for FelV
since it might prevent the virus spreading to the bone marrow and
establtishing a tatent infection.

Recently, viral subunit and genetically enginesred vaccines
have been proposed. The experience with FeLV gp70 vaccination
has not been encouraging (Salerno ot sl, 1978). Although
antibody was induced following the dnoculation of 20 ug of gp70
into guinea pigs, there was no response in cats given &40 ug. The
vaccine developed by Olsen et al (19380) is apparently virus=
free and contains antigens which induce antibodies to FOCMA and
gp70. However, the fluid from FL?4 cells requires extensive
concentration and it is doubtful if such a vaccine would be
aconomic to produce for general use in the field.

By contrast, the inactivatod virus vac;}nc which s
described in this thesis would be relatively inexpensive to
manufacture, It should now bg possible to fest this vaccine for

its capacity to protect cats from natural contact challenge as a

final step to developing it for use in the field.
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