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and Related 
Viruses
Jo h n  E. P o s t, D .V .M ., P h .D .

The role of v iruses in causing some 
neoplasm s (tum ors) is well estab
lished. C ertain  v iruses of both ri
bonucleic acid (RNA) and deoxy
ribonucleic acid (DNA) types have 
been identified as causative agents 
for several kinds of tum ors in a 
variety  of animal species, including 
chickens, mice, cats, and monkeys. 
Some induce only benign grow ths 
such as papillomas, or w arts; o thers 
cause m alignant tum ors (i.e., cancer) 
such as m am m ary carcinom as and 
leukemias. As a group these viruses 
are o ften  called oncogenic, or tum or- 
form ing, viruses, but evidence is 
accum ulating th a t some also cause 
non tum orous form s of disease.

So far, only RNA oncogenic viruses 
have been isolated from  cats.These 
closely resem ble the  RNA viruses of 
o th er species th a t cause leukemias 
(tum ors of blood-form ing cells) and 
sarcomas (tum ors of o th er m esoderm al 
tissue). O n  the basis of th e ir s truc
tu ral and replication patterns, they 
have been referred  to  as C -type 
viruses. The som ew hat similar A and 
B m orphological types th a t cause 
m am m ary tum ors in mice have not 
been observed in cats. All RNA tum or 
■iruses are commonly called oncor

naviruses (oncogenic RNA viruses).

Feline O ncornav irus Types and 
C haracteristics
Feline leukemia virus (FeLV). The term s 
leukemia and the  leukemia complex are 
c o m m o n l y  used to i n c l u d e  a l l  the 
neoplastic diseases of hem atopoietic, 
o r blood-form ing, cells originating 
from  either bone m arrow  or lym
phoid tissue. W ithin this group there 
are m any d ifferent tu m o r form s, all 
consisting of an uncontrolled pro
liferation of e ither w hite or red blood 
cells (leukocytes or erythrocytes). 
O ncornaviruses causing these kinds 
of m alignant tum ors are know n as 
leukemia viruses.

In 1964 the firs t FeLV was dem on
s tra ted  in Scotland by Dr. W. F. H. 
Ja rre tt and his associates, w ho w ere 
studying a cluster of leukem ia cases 
in cats. Since th a t tim e this v irus has 
been found in m any o ther countries, 
including the  U nited States. Experi
m ental and epidemiological studies 
have show n th a t FeLV is contagious 
and causes leukemias and o ther dis
eases in cats. D ifferent serotypes and 
strains of FeLV have been recog
nized, and th ere  is some evidence tha t 
these may differ in their disease- 
producing potential.

Like o th er leukemia viruses, FeLV 
does not ordinarily destroy the  cells 
th a t it infects. Instead, e ither it 
s tim ulates them  to proliferate in a 
neoplastic m anner or it has no ob
servable pathogenic effect. By a bud
ding process, infected cells produce 
new  virus particles w ith  a central 
RNA core surrounded by protein and 
a m odified cell m em brane envelope. 
V irus particles can be observed by 
electron microscopy (see figures), a 
m ethod som etim es used for diag
nosing infection. In addition to these 
form ed virus particles, FeLV stru c

tu ral proteins and glycoproteins ap
pear in the cytoplasm  and on the 
surface of infected cells. T heir pres
ence can be observed by im muno- 
fluorescent techniques, which are the 
basis for diagnostic tests currently  
used to  detect virus infection and 
im m unity.

A unique characteristic of all on 
cornaviruses is the  presence of a 
DNA polym erase enzym e, som e
tim es called reverse transrip tase. 
W hen the  virus infects a cell, this 
enzym e is capable of transcrib ing the 
genetic inform ation of the viral RNA 
in to  the  chrom osom al DNA of the 
cell th a t it infects. T hus virogenes 
and oncogenes carried by a v irus may 
become perm anently  established as 
p art of the genetic m akeup of the 
infected cell. T o elim inate an FeLV 
infection, it is there fo re  necessary to 
destroy all virus-infected  cells.

Feline sarcoma virus (FeSV). Shortly 
a fte r FeLV w as discovered, S. P. 
Snyder and G. H. Thielen in Cali
fornia found a fibrosarcom a-induc
ing v irus in a cat w ith  multiple 
fibrosarcom as (m alignant fibroblas
tic cell tum ors), and J. E. Post and C. 
G. Rickard at C ornell U niversity 
found, in a leukemic cat, a virus th a t 
induced liposarcomas (m alignant fat 
cell tum ors). Since then  o th er FeSV's 
have been observed in o th e r clinical 
cases of fibrosarcoma.

T he physical, chemical, and an ti
genic p roperties of these sarcom a 
viruses are identical to those of FeLV, 
but th e ir biological behavior is dif
ferent. Unlike FeLV, they cause con
nective tissue sarcomas ra th e r th an  
leukem ias, and in laboratory-cul
tu red  cells they  cause a visible tran s
form ation th a t is not induced by 
FeLV.
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Electronm icrographs o f FeLV particles (xlOO.OOO). Left, a budding particle being form ed and 
released a t th e  cell m em brane; right, a free extracellu lar v irus particle.

Experim ental transm ission studies 
have show n th a t som e strains of 
FeSV are highly pathogenic in young 
susceptible cats, causing nearly a 
100 percent incidence of tum ors afte r 
a sh o rt incubation period. In natu ral 
cat populations, how ever, sarcom as 
are not common, and com pared w ith  
FeLV, FeSV appears to  be an in
significant pathogen.

Feline endogenous virus. W hen fetuses 
and placentas of cats are exam ined by 
electron microscopy, a small num ber 
of C -type virus particles may be 
found th a t closely resem ble FeLV and 
FeSV in appearance. In cat cells, 
w here they originate, these viruses 
grow  poorly, but they  thrive in the 
cells of som e o th er species, including 
man. The v irus can be isolated by 
trea ting  cu ltured  cat cells w ith  iodo- 
deoxyuridine or brom odeoxyuridine 
and then  cultivating these cells w ith 
those of an o th er species. In one 
in teresting  experim ent hum an tu 
m or cells w ere transplan ted  to a fetal 
cat, w here, grow ing w ith  living cat 
cells, they became infected w ith  the 
feline endogenous virus. For some 
time this virus isolate, designated 
RD114, was suspected of being a 
hum an tum or virus. A sim ilar virus 
was isolated from  a cat kidney tissue 
cu lture cell line th a t has been ex ten
sively used for laboratory studies and 
vaccine production. It is suspected 
th a t all cats carry this virus in a 
laten t, or hidden, form.

Feline endogenous virus is in
herited  genetically. It is not infectious 
o r pathogenic in cats. Since it can 
infect the  cells of o th er species, 
how ever, studies are being m ade to 
determ ine w h e th e r the endogenous 
virus of one species can become the 
pathogenic virus of ano ther. So far, 
inoculation of this feline virus into 
o th er species has no t caused any 
disease.

Diseases A ssociated w ith  FeSV 
and FeLV
FeSV has been associated only w ith  
fibrosarcom as and liposarcomas. As 
these tum ors are ra re  in cats, this 
virus seems to have m inor clinical 
significance.

FeLV, on the o th er hand, causes a 
variety  of hem atopoietic neoplasms, 
som e anemias, and som e im m une 
deficiencies th a t predispose cats to 
certain  o ther diseases. The various 
diseases associated w ith  FeLV in
fection are briefly described below.

Lymphosarcoma. These tum ors, m ak
ing up the m ajority of malignancies 
caused by FeLV, consist of solid 
m asses of proliferating lymphocytes. 
O n  the basis of organ involvem ent 
they  are separated into various forms, 
including thymic, generalized (multi- 
centric), alim entary, and renal. C om 
binations of these may occur.

Thymic lym phosarcom a typically 
occurs in cats one to tw o years old. 
Though this tum or may extend to 
o th e r tissues, it prim arily involves 
the  thym us, which expands to  form  a 
large mass in the thorax. Its hidden 
location m a k e s  d ia g n o s is  d if f ic u l t .  
W hen the tum or mass becomes large 
enough, lung com pression by the 
tum or and accum ulated fluid causes 
obvious resp iratory  difficulty. The 
clinical diagnosis m ay be confirm ed 
by finding tum or cells in aspirated 
pleural fluid.

G eneralized, or m ulticentric, lym
phosarcom a is m ost likely to  occur in 
m iddle-aged cats bu t is seen in a wide 
range of ages. Lymphoid tissue 
th ro u g h o u t the body is often in
volved. T he lymph nodes, the  spleen, 
and the  liver may become m arkedly 
enlarged. These can be palpated, 
making recognition of this form of 
lym phosarcom a easier. A surgical

biopsy may, how ever, be needed to 
distinguish this disease from  o thers 
th a t also cause lymph node enlarge
m ent.

A lim entary lym phosarcom a often 
occurs in older cats. The m ajor tum or 
m asses arise from  lymphoid tissue 
com m only presen t in the wall of the 
gastro in testinal tract. The associated 
m esenteric lymph node may also be 
involved. These tum ors can cause ' 
partial intestinal obstruction, resu lt
ing in clinical signs such as vomiting, 
d iarrhea, or inappetence.

Renal lym phosarcom a, w hich also 
usually affects older cats, may ac
com pany the  alim entary form. N odu
lar o r diffuse infiltration of the 
kidney w ith  neoplastic lymphoid cells 
causes gross enlargem ent th a t may 
be evident on palpation. Interference 
w ith  norm al renal function may
c a u s e  c l i n i c a l  s i g n s  o f  r e n a l  i n s u f 
ficiency.

Lymphoid tum ors involving only 
the  skin, the eye, or areas of the 
nervous system  occur infrequently  in 
cats. O f these, only the ocular form 
has been induced experim entally by 
the  inoculation of FeLV.

Lymphocytic leukemia. This is a true  
leukemia, w here there  is an abnorm al 
proliferation of neoplastic lym pho
cytes in the circulating blood and the 
blood spaces such as the spleen and 
bone m arrow . This condition may 
exist by itself or be associated w ith  a 
lym phosarcom a form  of disease. Ex
am ination of peripheral blood es
tablishes the  diagnosis.



Myeloproliferative diseases. Myeloid 
cells, those th a t form  the bone 
m arrow , consist mainly of developing 
red cells and w hite cells. Neoplastic 
proliferations of any of the  variety  of 
cells in this group are re ferred  to  as 
m yeloproliferative diseases. Clinical
ly these appear as tru e  leukem ias, in
volving the circulating blood and the 
blood spaces. Diagnosis is m ade by 
exam ining peripheral blood and bone 
m arrow .

Anemia. Two form s of anem ia have 
been associated w ith  cats both na
turally  and experim entally infected 
w ith  FeLV. O ne is a hypoplastic, or 
bone m arrow  depression, anemia and 
leukopenia in w hich a failure in the 
generation of both red cells and w hite 
cells resu lts in low peripheral blood 
cell counts. T he o th e r kind of anemia 
induced by FeLV is a hem olytic form  
in which destruction  of m ature blood 
cells causes red cell depletion. It is 
suspected th a t both these kinds of 
anemia are caused by an im m une 
m echanism  initiated by an alteration 
of blood cell m em branes infected by 
FeLV.

Immune suppression. M any kittens 
inoculated w ith  FeLV develop thymic 
atrophy and become unusually  sus
ceptible to  a variety  of infections. 
Likewise, m any adult cats persis
tently  infected w ith  FeLV have chron
ic or recu rren t disease problems. Skin 
grafting and phytom itogen lym pho
cyte stim ulation tests  have show n a 
deficiency of cell-mediated im m unity 
in these infected cats. A similar 
deficiency of hum oral im m unity is 
suspected since m any cats persis
tently  infected w ith FeLV do not 
develop antibodies to this infecting 
virus. The im m unosuppressive ef
fects of leukem ia viruses have also 
been observed in mice. The m ech
anism for these effects is not yet 
understood.

Other diseases. C ats w ith  a variety  of 
diseases have a high incidence of 
FeLV infection. Especially n o tew or
thy  am ong these diseases are feline 
infectious peritonitis, feline infec
tious anemia, toxoplasm osis, stom a
titis, and resp iratory  diseases. There 
is no evidence th a t FeLV directly 
causes any of these, but th e re  are 
indications th a t FeLV, by its im

m unosuppressive effect, lowers an 
infected cat's resistance to these 
conditions so th a t they  become m ore 
serious disease problem s. This fact 
may also explain w hy some sick cats 
respond poorly to  trea tm en t and 
som e rem ain chronically ill or have 
repeated  episodes of illness.

G lom erulonephritis, a kind of kid
ney disease, has been observed in a 
num ber of FeLV-infected cats, both 
those w ith no tum ors and those w ith  
leukemia. It is suspected th a t this 
disease is caused by the  form ation of 
FeLV antigen-antibody complexes 
th a t accum ulate in kidney glomeruli.

Recently FeLV has been found in 
m any cats w ith  fetal resorption and 
abortion problem s. FeLV is suspected 
of having a causative role in these 
conditions, but this has no t been 
proven.

FeLV has been observed in the 
tissues of a num ber of feline m am 
m ary tum ors. H ere, also, it is un 
certain  w h eth er it has anyth ing  to do 
w ith  causing them . W hen experi
m entally inoculated into susceptible 
kittens, viruses isolated from  these 
tum ors have caused leukemia but not 
m am m ary tum ors.

Epidemiology of FeLV Infections
Incidence. Less than  0.1 percent of all 
dom estic cats develop leukemia each 
year. FeLV, found in 60 to 90 percent 
of these, is the  obvious m ajor cause 
for this kind of neoplasia, but not all 
leukemic cats have the  virus. The 
incidence of FeLV-related diseases is 
no t know n but appears to  be higher 
than  the  incidence of leukemia. Some 
clinically norm al cats are also per
sistently  infected w ith  FeLV. The 
num ber of virus-infected cats at any 
given time, how ever, is estim ated to 
be only about 2 percent of the cat 
population; this figure is much higher 
in certain  confined populations.

Transmission. FeLV is transm itted  
from  cat to cat by contact. W here 
contact betw een cats is high, as in 
cities and breeding colonies, the
infection is widespread. Infected cats, 
w h e th e r they are sick or healthy 
virus carriers, can shed infectious

Electronm icrograph of a feline lym phosarcom a 
tu m o r cell grow ing in tissue cu ltu re  and 
producing m any v irus particles (x8,000).

virus particles in saliva, urine, and 
probably also milk, feces, and exhaled 
air. FeLV survives only a few hours to 
a few days in the environm ent, but 
during this tim e it can infect o ther 
cats. G enetic transm ission from  p ar
en t to offspring is also suspected 
since the virus is commonly presen t 
in the testes and ovaries of infected 
cats, and the offspring of such ani
mals are often infected. T ransm is
sion by blood-sucking insects seems 
possible as well, but this has no t been 
proven.

Immunity. N ot all cats exposed to 
FeLV develop the disease or become 
persisten t carriers. M any apparently  
develop som e degree of im m unity  by 
m eans of a hum oral im m une re 
sponse th a t suppresses v irus infec
tion. Tw o kinds of antibodies are 
produced: v irus-neutralizing an ti
bod ies an d  an tib o d ie s  d ire c te d  
against antigens on the surface of 
virus-infected cells (feline oncorna
virus-associated  cell m em brane an ti
gens, or FOCM A). The fo rm er pro
tect against virus infection, and the 
latter, against tum or form ation.



These kinds of antibodies can be 
tran sfe rred  in colostrum  from im
m une queens to  their new born kit
tens, providing tem porary  protection.

Laboratory tes ts  have been de
veloped for m easuring  the concen
tra tio n  levels (titers) of these an ti
bodies. The level th a t constitu tes a 
protective neutra liz ing  titer has not 
been conclusively determ ined.

T he d istribu tion  of nonim m une, 
im m une, and infected cats varies in 
d ifferen t populations. Some surveys 
have show n th a t anti-FO C M A  an ti
bodies are p resen t in 50 percent of 
unconfined urban  cats (in Boston, 
D etro it, and Glasgow) bu t in only 6 
percent of rural cats (in Scotland). In 
the urban  group only 6 percent of 
w eaned k ittens show  evidence of 
im m unity, but the  percentage in
creases w ith  age, presum ably because 
opportunities for virus contact in
crease w ith age. The num ber of cats 
in the urban  populations th a t develop 
leukem ia and o ther FeLV-related 
diseases and show  little o r no im
m une response is low.

If FeLV is p resen t among confined 
groups of cats in breeding colonies or 
m ulticat households, how ever, the 
incidence of leukemia may be 25 
percent or m ore, and the num ber of 
im m une cats is low. If FeLV is absent, 
n e ith e r leukem ia nor im m unity de
velops.

C ats exposed to  FeLV, then , re 
spond in d ifferen t ways. They may 
(1) no t become infected at all, (2) 
become tem porarily  infected but de
velop im m unity and overcom e the 
i n f e c t i o n ,  ( 3 )  b e c o m e  i n f e c t e d  a n d  
continue to carry and shed virus 
particles indefinitely while rem aining 
clinically norm al, or (4) become in
fected and develop leukemia or one of 
the  o ther FeLV-related diseases. 
Which of these will occur in any 
particular cat is related  on the one 
hand to  the ability of th a t cat to 
respond im munologically and on the 
o th er, to  the im m unosuppressive 
effects of the virus. T he age of the cat 
and probably its genetic makeup, as 
well as the strain  and the  dosage of 
the  infecting virus, influence these 
im m une m echanism s.

H ow  these factors balance ou t to 
cause e ither disease or im m unity is

no t fully understood, bu t it is obvious 
th a t both  im m ature age of the cat and 
group confinem ent favor disease 
ra th e r th an  im m unity. Im m une re
sponses are less successful in multicat 
households because exposure dos
ages are h igher than  in free-roam ing 
cats.

C ontro l and M anagem ent of FeLV 
Infections
Diagnosis—FeLV tests. O f the num erous 
techniques th a t have been developed 
for detecting FeLV and som e of its 
com ponents, the one tha t has been 
m ost practical for diagnosis is an 
indirect im m unofluorescence tech
nique developed by Dr. W. D. Hardy, 
of the  S loan-K ettering In stitu te  in 
N ew  York City, and now  offered 
com mercially by a num ber of lab
oratories. The test, perform ed on 
e ith er blood or bone m arrow  sm ears, 
detects FeLV group  specific antigen 
p resen t in infected blood leukocytes. 
T he validity of this test depends on 
th e  use of an tiserum  specific only for 
the  antigens associated w ith  FeLV. If 
o th e r activity is present, falsely posi
tive results m ay be reported . At 
p resen t th ere  is no official control 
over the preparation of these test 
serum s or the perform ance of the 
tests, and controversies have arisen 
because d ifferen t laboratories have 
reported  d ifferen t resu lts on samples 
from  the same cat.

A m ore accurate but less practical 
m e t h o d  f o r  d e m o n s t r a t i n g  i n f e c t i o n  
is to  isolate the virus in a tissue 
culture. This m ethod has no t been 
offered by diagnostic laboratories, 
bu t some investigators have used it 
on a selected group of cases to 
substan tiate  the results of their im- 
m unofluorescent tests. V irus isola
tion is m ade from  plasma, blood 
leukocytes, or bone m arrow .

W hen choosing a laboratory  to 
perform  FeLV tests, it is wise to 
obtain som e assurance of its credi
bility. Some official certification of 
reliable laboratories m ay be fo rth 
coming in the  fu ture.

FeLV tests  do not detect leukemia 
itself but ra th e r reveal the virus

infection tha t causes leukemia. Clini
cally norm al virus carriers will give a 
positive test. Also, som e clinically 
leukemic cats are virus-negative and 
w ould appear negative on these tests.

Treatment. C orticosteroids and o th 
er anticancer drugs such as cyclo
phospham ide and vincristine have 
been beneficial in producing rem is
sion of variable duration in cats, as in 
hum ans, w ith  leukemia. C ortico
steroids have also been helpful in 
t r e a t in g  F eL V -induced  an em ias . 
Generally, how ever, such trea tm en ts 
are only tem porarily effective and do 
not elim inate the FeLV infection if it 
is present.

M ethods of trea tm en t to elim inate 
FeLV infections have not yet been 
developed, but im m unotherapy and 
antiviral d rug therapy  are being 
studied and show  some promise. This 
research is in the early stages of 
investigation.

Eradication of infection. O ne proven 
bu t som etim es drastic m ethod of 
controlling disease is to identify the 
carriers of the causative agent and 
eradicate them . This m ethod, being 
voluntarily  applied against FeLV, is 
having favorable resu lts, especially in 
those catteries w here infection was 
causing m any cases of leukemia and 
anemia.

In a procedure recom m ended by 
Dr. W. D. Hardy, all cats testing 
positive for FeLV are elim inated or 
isolated. Remaining virus-negative 
cats are tested at th ree-m onth  in
tervals, and again, any cats testing 
positive are eliminated. A fter tw o 
n e g a t i v e  tests, the  cattery  may be free 
of infection.

Experience has show n th a t m ost 
cats show ing positive evidence of 
FeLV in their leukocytes remain 
positive indefinitely and have a high 
risk of eventually developing leu
kemia or anemia. A few such positive 
cats, how ever, have subsequently 
developed im m unity and th row n  off 
th e ir infections. T he la tte r would 
m ost likely occur, if ever, w ithin 
th ree  m onths, and therefo re  there  is 
som e rationale for holding positive 
cats in isolation for th ree  m onths to 
see if they rev ert to a negative state.

Along w ith  the eradication of in
fected animals, it is also im portan t to



rid the prem ises of infection. M ost 
com m on de tergen ts and disinfec
tan ts  can destroy FeLV.

Vaccination. Considerable effo rt is 
being directed tow ard developing 
vaccines th a t p reven t FeLV infection 
and tum or grow th. Experim ental re
sults have been favorable, bu t time is 
needed to  prove th e ir efficacy and 
safety before they  can be offered for 
com m on use.

T he H um an H azard of FeLV
C onsiderable concern was aroused 
w hen it w as show n th a t FeLV could 
infect and replicate in laboratory- 
cultured hum an cells. Also, it is 
possible to  induce leukem ia or sar
coma experim entally in dogs and 
m onkeys by inoculating them  before 
o r on the day of their b irth  w ith  FeLV 
or FeSV. Because these cross-species 
infections have occurred only in 
animals w hose im m une m echanisms 
w ere no t functional, it is currently  
believed th a t norm al hum ans w ould 
no t become infected if naturally  
exposed to  FeLV.

This belief is fu r th e r substan tiated  
by the fact th a t large num bers of 
hum ans have tested negative for 
FeLV, including m any w ith  leukemia 
and m any w ho have had a g reat deal 
of contact w ith  cats. Some hum ans

may, how ever, be susceptible because 
they  are not im m unocom petent. 
T hese include fetal and new born 
infants, people u nder im m unosup
pressive therapy, and those w ith  
genetic immunological defects.

Some hum an serum s have show n 
v irus-neutralizing and o ther an ti
body activity against FeLV or FeLV- 
infected cells. This activity has no t 
been fully evaluated. It could rep
resen t previous exposure to  FeLV 
resulting  in a specific im m une re
sponse, o r it could just represen t the 
presence of antibodies th a t coinci
dentally cross-react w ith  FeLV an ti
gens.

Sum m ary
1. T here are th ree  recognized fe

line oncornaviruses: FeLV, FeSV, and 
feline endogenous virus. O nly  FeLV 
appears to  be clinically significant.

2 . FeLV causes leukemia, anemias, 
and im m unosuppression th a t pre
disposes cats to  o th er diseases.

3. The outcom e of FeLV infection 
is determ ined by m ultiple factors tha t 
cause either an  effective im m une 
response or im m unosuppression in 
the infected host. The age of the host 
and the  strain  and the dosage of the 
infecting virus are m ost im portan t 
am ong these factors.

4. M ost adult pet cats naturally  
exposed to  FeLV develop some im
m un ity  to  the v irus ra th e r than  
disease, bu t similarly exposed young 
cats and groups of confined cats of 
various ages have a high incidence of 
disease and poor im m une responses.

5. V irus carriers tend to  rem ain so 
indefinitely and have a high risk of 
eventually developing fatal leukem ia 
or anemia.

6. T he fact th a t FeLV can be 
detected in blood sm ears can serve as 
the basis for a tes t and eradication 
system  to control the spread of this 
infection.

7. W hen available, vaccines will 
probably be the best way to  control 
FeLV infection.

8 . FeLV is probably a health  risk 
only to  im m unoincom petent hum ans, 
if to  any hum ans.

F u rth e r In form ation
For m ore in form ation about th e  w ork 
of the  Cornell Feline Research 
Laboratory, w rite  to 
Dr. Fredric W. Scott, D irector 
C ornell Feline Research L aboratory 
New York S ta te  College 
of V eterinary  Medicine 
C ornell U niversity 
Ithaca, New  York 14853.


