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T he feline leu k em ia  v iru s  (FeLV) is the  
cau sa tiv e  ag e n t o f th e  m o st im p o rta n t 
fata l in fec tious-d isease  com plex  of 
A m erican  d om estic  cats today . It is a 
h o rizo n ta lly  tra n sm itte d  (i.e., con ta
gious), ribonucleic-acid  (RN A ) v iru s  
b e lo n g in g  to  th e  fam ily  R etrov iridae . 
R e trov iru ses cau sin g  ly m p h o id  tu 
m o rs  h a v e  b ee n  id en tified  in  a  n u m 
b e r of an im a l species, in c lu d in g  cats, 
cattle, d om estic  fow l, n o n h u m a n  p r i
m ates , a n d  ro d en ts . A  re tro v iru s  
k n o w n  as  th e  human T-lymphotropic 
virus (HTLV) has b ee n  iso la ted  from  
p eo p le  w ith  ce rta in  agg ressive  ly m 
p h o id  m alignancies; d a ta  ind ica te  th a t 
th is  v iru s  is in d e ed  in v o lv ed  in  th e  
d ev e lo p m e n t o f these  tum ors.

T he oncogen ic re tro v iru ses  a re  
collectively  re ferred  to  a s  th e  RNA 
tumor viruses, o r oncornaviruses 
(oncogenic RNA viruses). In  ad d itio n , 
th e re  a re  o th e r  m e m b ers  o f the  
R e trov iridae  fam ily, th e  lentiviruses, 
th a t in d u c e  n o n m a lig n a n t d isease  
p rocesses su c h  as p ro g ress iv e  p n e u 
m o n ia  of sheep , arth ritis-encephalitis  
o f goats, in fec tious an em ia  of ho rses, 
a n d  ac q u ired  im m u n o d efic ien cy  sy n 
d ro m e  of h u m a n  b ein g s  (AIDS). A 
n e w  a n d  u n iq u e  len tiv iru s, th e feline 
immunodeficiency virus (FTV), w a s  iso
la ted  a n d  cha rac te rized  in  th e  m id - 
1980s. FTV causes a n  im m u n o 
defic iency  s y n d ro m e  in  ca ts  sim ila r in  
m a n y  respec ts  to  th a t p ro d u c e d  by  
h u m a n  im m u n o d efic ien cy  v iru s  (HIV) 
in  peop le . R e trov iru ses  n o t y e t associ
a ted  w ith  a n y  reco g n ized  d isease

process a lso  exist, su c h  as  the  
syncytium-forming ("foam y") v iru ses  
th a t h a v e  b ee n  reco v ered  from  a  n u m 
b e r  o f species, in c lu d in g  cats.

R ep lication -com peten t re tro v iru ses  
ca rry  w ith  th e m  a n  en z y m e called  
reverse transcriptase, w h ich  is capab le  
of m a k in g  a  deoxyribonucleic-ac id  
(D N A ) copy  o f th e  re tro v ira l RN A .
T he D N A  co p y  can  b e  in se rted  in to  
th e  ch ro m o so m al D N A  o f th e  in fected  
cell. T his a lien  in tru d e r, k n o w n  as  a 
provirus, o r proviral DNA, is rep licated  
w h e n e v e r  th e  h o st cell d iv id e s  a n d  
can  se rv e  a s  a te m p la te  fo r th e  p ro d u c 
tio n  o f n e w  v iru s  particles. T he n ew  
partic les  a re  assem b led  in  th e  cy to
p la sm  of th e  cell a n d  th e n  a re  re leased  
b y  b u d d in g  th ro u g h  th e  cell m e m 
b ran e . D u rin g  th is  b u d d in g  p rocess 
from  th e  cell, the  v iru s  partic les o r 
virions acq u ire  a n  o u te r  lip id  envelope 
a n d  su rface  p ro jec tions k n o w n  as 
knobs, spikes, o r peplomers. T he 
p ep lo m ers  a re  c o m p o sed  o f g ly co p ro 
te in  a n d  h av e  specific epitopes o r re 
g ions th a t a ttach  in  a  specific w a y  to  
recep to rs  o n  th e  su rface  of suscep tib le  
cells, en ab lin g  th e  n e w  v irions to  in 
fect th ese  cells a n d  th u s  p e rp e tu a te  the  
v iru s  in fection  cycle.

A t p re se n t th e re  is n o  prac tica l 
m e th o d  o f rem o v in g , o r  excising, 
in te g ra te d  p ro v iru ses  from  infected  
cells o f liv ing  o rgan ism s. A  cell in 
fected  w ith  a n  in te g ra te d  re tro v iru s  is 
in fec ted  fo r th e  le n g th  of its lifetim e, 
as a re  all of its p ro g en y  cells. T his is of 
im p o rtan ce  in  la ten t FeLV infections 
a n d  in  th e  persis tence  of in trace llu la r 
FeLV d u r in g  a n  ac tive im m u n e  re 
sponse . B ecause a  v ersio n  o f th e ir  
genetic  m a te ria l can  b ecom e a  p a r t  o f

th e  to ta l g enetic  in fo rm atio n  o f th e  
cells th e y  infect, re tro v iru ses  a re  
a m o n g  th e  m o st in tim ate  p a ras ite s  
k n o w n  in  n a tu re .

FELINE RETROVIRUSES

T here  a re  th ree  sub fam ilies o f v iru ses  
w ith in  th e  R e tro v irid ae  fam ily ; O nco- 
v irinae, L en tiv irinae , a n d  S pum a- 
v irinae. E ach  o f th ese  subfam ilies 
co n ta in s  o n e  o r  m o re  v iru ses  th a t 
in fect cats.
Oncoviruses. S everal m e m b ers  o f 
the  O n co v irin ae  su b fam ily  o f re tro 
v iru ses  a re  o f significance in  th is  
d iscussion : FeLV, th e  feline sarcom a 
v iru s  (FeSV), th e  en d o g e n o u s  v iru s  
k n o w n  as  RD-114, a n d  th e  e n d o g 
e n o u s  FeLV -related sequences 
(enFeLV). O f th is  g ro u p  o n ly  FeLV is a 
tru ly  exogenous agen t; th a t is, in fection  
is sp re a d  from  ca t to  ca t as  a  con ta
g ion , so th a t u n ex p o sed  cats a re  free 
o f FeLV p ro v ira l D N A .

RD-114 is a tru e  en d o g e n o u s  v irus. 
M u ltip le  RD-114 p ro  v iru ses  a re  
p re se n t w ith in  th e  ch ro m o so m al D N A  
of cells o f all d om estic  cats a n d  are  
tra n sm itte d  vertically  th ro u g h  the  
g e rm  line  (i.e., th e y  a re  inherited ). 
H o w ev er, th e  p ro d u c tio n  of v iru s  is 
u su a lly  rep ressed , so  th a t th e  ag e n t is 
n o t con tag ious. T he RD-114 re tro v iru s  
d o es  n o t a p p e a r  to  b e  re la ted  to  FeLV 
a n d  h as  n o t b ee n  sh o w n  to  cau se  a n y  
reco g n ized  d isease  in  cats.

FeSV, a  rep lication-defective  m u 
ta n t o f FeLV, a p p a re n tly  arises w ith in  
in d iv id u a l ca ts  b y  a recom binational 
e v e n t in  w h ich  a se g m en t o f h o s t ch ro 
m o so m al D N A  is e rro n eo u sly  inco r
p o ra te d  in to  a  FeLV p ro v iru s . T he
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re su ltin g  FeSV is u n a b le  to  rep licate  
w ith o u t assis tance  from  rep lication - 
co m p e te n t FeLV ("h e lp er"  v irus), 
b ecau se  a  p o rtio n  o f its gene tic  in fo r
m a tio n  is lo st d u r in g  recom bination . 
T he ch ro m o so m al D N A  ac q u ired  by  
th e  v iru s  e n d o w s  it w ith  th e  ab ility  to  
in d u c e  certa in  ty p e s  o f tu m o rs. (See 
"M ech an ism s o f T u m o r In d u c tio n "  
a n d  'T h e  FeSV -associated D iseases.")

FeLV is classified  in to  th ree  d istinc t 
su b g ro u p s  d es ig n a ted  A , B, a n d  C, o f 
w h ich  FeLV -A  is th e  m o st com m on . 
A ll F eL V -positive cats h a v e  FeLV-A, 
w h ile  a p p ro x im a te ly  50% o f FeLV- 
p o sitiv e  cats a re  also  in fec ted  w ith  
FeLV-B. F ew er th a n  1% of FeLV- 
p o sitiv e  ca ts  h a v e  FeLV-C (a lw ays 
w ith  e ith e r FeLV-A o r FeLV-A p lu s  
FeLV-B). FeLV-A is th e  v iru s  su b 
g ro u p  th a t is tran sm itte d  cat-to-cat 
a n d  th a t p ro d u c e s  v irem ia  a n d  la ten t 
infections. T he p a th o g en ic  effects of 
FeLV-A, h o w ev e r, a re  s lo w  to  d e 
velop ; d isease  o ften  occurs o n ly  afte r 
so m e  recom binational, m u ta tio n a l, or 
ac tiv a tio n  ev e n t h a s  o ccu rred  d u r in g  
FeLV-A rep lica tion  w ith in  h o st cells. 
FeLV-B is a  rep lication -defective  m u 
ta n t o f FeLV-A th a t a rises w h e n  FeLV- 
A  recom bines w ith  enFeLV  in  an  
in fected  cell. T he enFeLV s a re  gene  
seq u en ces o f v a ry in g  len g th  th a t, like 
RD-114, a re  p re se n t in  all ca t cells; 
h o w ev er, th e  enFeLV s sh o w  m a rk e d  
sim ilarities to  p o rtio n s  o f th e  g enetic  
m a teria l o f FeLV. S u b seq u e n t rep lica
tio n  o f FeLV-B (w ith  th e  a ssistance of 
FeLV -A  as h e lp e r  v irus) can  lead  to  
th e  d ev e lo p m e n t o f ly m p h o id  m alig 
nancies o r  m y e lop ro life ra tive  d isease. 
FeLV-C p ro b ab ly  a rises  b y  reco m b in a
tio n  o r  m u ta tio n  in v o lv in g  FeLV-A; its 
rep lica tion  is associa ted  w ith  th e  d e 
v e lo p m en t o f ap lastic  an e m ia  (AA), 
o n e  o f th e  m o st f ru s tra tin g  o f all the  
F eL V -related  d iseases to  treat. (See 
'T h e  FeLV -associated  D iseases.")
T h u s  th e  o u tco m e o f FeLV infection  
a p p e a rs  to  b e  d e te rm in e d , a t least in  
p a rt, b y  th e  su b g ro u p (s ) o f FeLV 
fo u n d  in  th e  cat.

FeLV-FAIDS is a n  u n u su a l iso late  
o f FeLV in  w h ich  th e  o n se t o f d isease  
is associa ted  w ith  th e  a p p e a ra n c e  o f a

m u ta n t fo rm , variant A, in  in fected  
cells. V arian t A  is a rep lication- 
defective  FeLV th a t, like FeSV, re
q u ires  h e lp e r  FeLV to  rep licate . U nlike  
FeSV, h o w ev er, v a r ia n t A  d o es  n o t 
cau se  cancer. In stead  v a r ia n t A  exerts 
a  cy to ly tic  effect, k illing  in fec ted  cells 
in  th e  b o n e  m a rro w , ly m p h o id  tissues, 
a n d  in testine. B ecause th ese  cells co n 
sist in  la rge  m e asu re  o f co m p o n en ts  o f 
th e  im m u n e  system , th e ir  d es tru c tio n  
lead s  to  a fata l im m unodefic iency  
sy n d ro m e. (This sy n d ro m e  is d istinc t 
fro m  th a t p ro d u c e d  b y  FIV.) 
Lentivirus. FTV, th e  on ly  feline 
le n tiv iru s  id en tified  to  d a te , is p re se n t 
in  1 % to  2% of d o m estic  ca ts  in  the  
U n ited  S tates, a n d  in  a  m u c h  h ig h e r 
p e rcen tag e  of sick  cats. FIV a lso  infects 
n o n d o m e stic  felids in  b o th  zoological 
g a rd e n s  a n d  w ild  p o p u la tio n s . This 
v iru s  h as  a  p red ilec tio n  fo r in fec ting  T 
lym phocy tes, p ro d u c in g  a decrease  in  
C D 4+ T  cells a n d , co n seq u en tly , a 
p ro g ressiv e  im m u n o d efic ien cy  
sy n d ro m e  charac terized  b y  chronic 
seco n d ary  infections. FTV a n d  FIV 
infections a re  d iscu ssed  in  Feline Infor
mation Bulletin No. 10, p u b lish ed  by  
th e  C o rn ell Feline H ea lth  C enter. 
Spumavirus. T he feline sp u m a v iru s , 
feline sy n cy tiu m -fo rm in g  v iru s  
(FeSFV), cau ses  a  co m m o n , p e rs is ten t 
in fec tion  in  cats. W hile  FeSFV can  be 
iso la ted  from  cats afflicted w ith  a 
va rie ty  o f cond itio n s, it h a s  n o t b een  
sh o w n  to  b e  th e  cau se  o f a n y  d isease.

HOST RANGE OF FELV INFECTION

In  n a tu re  FeLV in fec tion  a p p e a rs  to  b e  
restric ted  to  m e m b ers  o f the  ca t fam 
ily, in c lu d in g  d o m estic  b ree d s  as  w ell 
as  so m e  exotic cats: sa n d  cats, E u ro 
p e a n  w ild  cats, ju n g le  cats, cougars, 
a n d  possib ly  le o p a rd  cats.

MECHANISMS OF TUMOR  
INDUCTION

T he prec ise  b iochem ica l m ech an ism s 
b y  w h ich  n o rm al, h ea lth y  cells a re  
tran sfo rm ed  in to  tu m o r  cells u n re 
sp o n siv e  to  ce llu lar con tro l m ech a
n ism s a re  n o t y e t k n o w n . H o w ev er, 
s tu d ie s  in  th e  last tw o  d ec ad e s  invo lv 
in g  o n co rn a v iru ses  from  a n u m b e r  of

an im a l species h a v e  b e g u n  to  reveal 
so m e o f th e  com plex  m o lecu la r in te r
ac tions resp o n sib le  for th e  in d u c tio n  
a n d  m a in te n an c e  o f m alignancy .

M an y  oncogen ic re tro v iru ses  carry  
w ith  th e m  a tran sfo rm in g  gene, o r 
viral oncogene (v-onc), th a t p la y s  a  m a 
jor ro le  in  th e  d ev e lo p m e n t of cancer 
in  th e  cells th e  v iru ses  infect. T hese 
oncogenes a p p e a r  to  b e  d e r iv e d  from  
n o rm a l ce llu lar genes, w h ich  the  
v iru ses  h av e  acq u ired , o r  transduced.
In  th e  p rocess  th e  gen es a re  subjected  
to  a lte ra tio n  a n d  p laced  u n d e r  the  
con tro l o f  v ira l re g u la to ry  genes. T he 
n o rm a l ce llu lar g en es  (proto-oncogenes 
o r cellular oncogenes [c-onc]) acq u ired  
b y  th e  v iru ses  a re  h ig h ly  conserved . 
T he ab ility  of th e ir  v iru s-m o d ified  
c o u n te rp a rts  to  p ro d u c e  ab n o rm a l 
ce llu lar g ro w th  in d ica tes  th a t c-onc 
g en e  p ro d u c ts  a re  in v o lv ed  in  the  
reg u la tio n  o f v e ry  basic  ce llu lar p ro 
cesses of g ro w th  a n d  d iffe ren tia tion .

T h e  in c u b a tio n  p e r io d  m a y  b e  q u ite  
p ro lo n g ed  (m o n th s  to  y ears) fo r som e 
o n co rn av iru ses , su ch  as  FeLV, b u t 
m a y  b e  q u ite  sh o rt (w eeks) fo r o thers, 
su ch  as FeSV. T h e  v as t m ajo rity  o f 
on co rn av iru ses  w ith  sh o rt in cu b atio n  
p e rio d s  (such  as  FeSV) a re  rep lication- 
defective; th o se  w ith  p ro lo n g ed  in cu 
b a tio n  p e r io d s  a re  fu lly  capab le  o f 
rep lica tio n  w ith o u t th e  assistance o f 
h e lp e r  v iruses . M ost o f th e  defective 
o n co rn av iru ses  th a t h av e  b ee n  closely 
ex am in ed  sh a re  a  c o m m o n  feature: 
th e  rep la ce m en t o f genetic  in fo rm a
tio n  n ecessary  fo r rep lica tio n  b y  a  
v -onc g en e  sequence  th a t a p p a re n tly  
m e d ia tes  th e  sw ift tran sfo rm atio n  of 
in fected  h o s t cells in to  tu m o r  cells.
T he v -onc gen es p re se n t in  defective 
o n co rn a v iru ses  su ch  as  FeSV p ro b ab ly  
h a v e  b ee n  ac q u ired  b y  tra n sd u c tio n  
in v o lv in g  a  n o n d efec tiv e  on co rn av i
ru s  (in th is  case, FeLV) a n d  a  ho st 
ch ro m o so m al D N A  sequence  co n ta in 
in g  a  c-onc g en e  o r  o th e r  reg u la to ry  
elem ent.

T h e  m ech an ism s b y  w h ich  
non d efec tiv e  o n co rn av iru ses  w ith  
p ro lo n g ed  in cu b a tio n  p e rio d s  (such  as 
FeLV) in d u c e  m a lig n a n cy  a re  less 
clear, b u t  it m a y  b e  th a t th e  location  in  
th e  host-cell ch ro m o so m e a t w h ich



th e ir  p ro v ira l D N A  inserts  is critical. 
T h u s  in se rtio n  of p ro v ira l D N A  n e a r  a 
c-onc g en e  m a y  e ith e r ac tiv a te  o r  d is 
r u p t  th a t g en e  in  so m e  m a n n e r  th a t 
re su lts  in  m a lig n a n t tran sfo rm a tio n  of 
th e  h o st cell. T his m a y  in  p a r t  exp la in  
th e  le n g th y  in c u b a tio n  p erio d , b e
cause  it m a y  re q u ire  m a n y  p ro v ira l 
in se rtio n s d u r in g  re p e a te d  cycles of 
infection  b efo re  a lte ra tio n  o f a critical 
c-onc g en e  takes place. In  o th e r  cases 
th e  v iru s  m a y  p ersis t in  a n  an im al for 
a p ro lo n g ed  p e rio d  b efo re  tra n sd u c 
in g  a  c-onc gene, so th a t a  n e w  reco m 
b in a n t v ira l m u ta n t is g en e ra te d  de 
nemo (an  ev e n t sim ila r to  th a t w h ich  
g ives rise  to  FeSV). D is ru p te d  reg u la 
tio n  o f ex p ressio n  o r  gene tic  re 
a rra n g e m e n t o f th e  myc g ene , w h o se  
g en e  p ro d u c t is a n  im p o r ta n t reg u la 
to r  o f cell p ro life ra tion , a p p e a rs  to  be 
resp o n sib le  fo r a  s ign ifican t n u m b e r  of 
th e  ly m p h o id  m alignancies  p ro d u c e d  
b y  FeLV in  cats. By co n s tan tly  ac tiva t
in g  th e  m yc gene , th e  v iru s  sh o w ers  
in fected  ly m p h o cy tes  w ith  p ro life ra
tive  signa ls  th a t g en e ra te  re p e a te d  a n d  
u n co n tro lled  cell d iv is ion . In  so m e 
cases it a p p e a rs  th a t se co n d a ry  m u ta 
tio n a l ev e n ts  in  a d d itio n  to  c-m yc 
ac tiv a tio n  a re  re q u ire d  fo r th e  full 
exp ressio n  o f m alignancy . A lte rn a
tively , o th e r  factors in  a d d itio n  to  th e  
o n co rn a v iru s  m a y  b e  re q u ire d  to  p ro 
d u c e  ce rta in  tu m o rs .

IMMUNOGENIC IMPORTANCE OF 
FELV STRUCTURAL COMPONENTS

In d iv id u a l p artic les, o r  v irions, o f 
FeLV consist o f tw o  d is tin c t 
m o rp h o lo g ic  com p o n en ts : a d en se  
in n e r core (the  nucleoid) a n d  a n  o u te r  
envelope . T he e n v e lo p e  co n ta in s  an  
im m u n o lo g ica lly  im p o rta n t g ly co p ro 
te in  k n o w n  as  gp70. T his p ro te in  is the  
p rin c ip a l antigen (substance  ag a in s t 
w h ich  a n  im m u n e  re sp o n se  can  b e  
g en e ra ted ) p re se n t in  th e  v iru s  su rface  
recep to rs, w h ich  a re  resp o n sib le  for 
a tta c h m e n t o f th e  v iru s  to  cells d u r in g  
infection. V iru s-n eu tra liz in g  an tib o d y  
(VN A ) d irec ted  ag a in s t gp70  is a n  
essen tia l c o m p o n en t o f a successfu l 
im m u n o lo g ic  re sp o n se  to  FeLV, a n d  
th e  p resen ce  o f an ti-gp70  V N A  in  the  
b lo o d  is a n  in d ica tio n  of p a s t FeLV

ex p o su re , e ith e r fro m  n a tu ra l infection  
o r  vaccination . M o st ca ts  w ith  persis
tent viremia— th e  p ro lo n g ed  p resen ce  
of FeLV in  th e  b lo o d stre am — p ro d u c e  
little o r  n o  V N A . In  ad d itio n , m o st 
cats in  th e  g en e ra l feline p o p u la tio n  
th a t h a v e  n o t b ee n  v acc in a ted  ag a in s t 
FeLV d o  n o t h a v e  levels o f V N A  th a t 
a re  p ro tec tiv e  a g a in s t in fection , p ro b 
ab ly  b ecau se  th ey  h av e  n o t b ee n  ex
p o se d  recen tly  o r  a t all to  a n  infective 
d o se  o f FeLV. O n  th e  o th e r  h a n d , 
a b o u t 40% to  50% o f h ea lth y  cats in 
FeLV -infected m u ltip le -ca t h o u se 
h o ld s  h a v e  p ro tec tiv e  V N A  titers. 
T hese  ca ts  a re  g en e ra lly  b e lieved  to  be 
res is tan t to  su b se q u e n t FeLV infec
tion , a n d  m o s t w ill n o t b eco m e p ers is 
te n tly  v irem ic. A ll FeLV vaccines 
ava ilab le  a t th e  tim e o f th is  w ritin g  
re ly  o n  s tim u la tio n  o f V N A  ag a in s t 
gp70  as th e  p rin c ip le  fo r p ro v id in g  
p ro tec tio n  a g a in s t FeLV infection.

T he seco n d  m a jo r a n tig en  o f the  
FeLV p artic le  is th e  co re p ro te in  p27, 
w h ich  is a  s tru c tu ra l c o m p o n en t o f th e  
in n e r v ira l nuc leocapsid . T his p ro te in  
can  b e  fo u n d  in  g rea t a b u n d a n c e  in  
th e  cy to p lasm  of in fec ted  w h ite  b lo o d  
cells a n d  p la te le ts  a n d  in  so lub le  fo rm  
in  p la sm a  a n d  se ru m  o f v irem ic  cats. 
T he sign ificance of th e  im m u n o lo g ic  
re sp o n se  of th e  ca t to  p27  is a t  p re se n t 
un ce rta in , b ecau se  an tib o d ie s  d irec ted  
ag a in s t it a re  n o t p ro tec tive , p re v e n t
in g  n e ith e r  v irem ia  n o r  FeLV -related 
disease . T he p r im a ry  im p o rtan ce  of 
p27  lies in  its iden tifica tion  as  th e  
m ajo r FeLV a n tig en  d e tec ted  b y  th e  
IFA a n d  ELISA tests. (See "D iagnostic  
A id s  fo r FeLV Infection .")

PATHOGENESIS OF FELV INFECTION

E xp o su re  o f u n v acc in a ted , su scep tib le  
cats to  FeLV v iru s  m a y  re su lt in  (1) a 
fa ilu re  o f  th e  ca t to  b eco m e infected  
w ith  v iru s , (2) a  p ro g re ss iv e  FeLV 
infection , o r  (3) a  reg ressiv e  FeLV 
infection . T hose cats th a t d o  n o t b e 
com e in fec ted  fo llow ing  ex p o su re  w ill 
rem a in  FeL V -negative b y  IFA  a n d  
ELISA tests. T h e  o u tc o m e fo r th o se  
cats th a t b ecom e infected  w ith  the  
v iru s  d e p e n d s  o n  host, v iral, a n d  en v i
ro n m en ta l factors. FeLV is a 
ly m p h o tro p ic  re tro v iru s  w ith  a p re d i
lection  fo r th e  T  ly m p h o cy te s  th a t a re

resp o n sib le  for th e  ce ll-m ed iated  im 
m u n e  re sp o n se  o f th e  cat. A  decrease  
in  b o th  C D 4+ a n d  C D 8+ T lym p h o cy tes  
occu rs d u r in g  ac u te  FeLV infection.

In  p ro g ress iv e  FeLV infections, th e  
in c u b a tio n  p e rio d  is fo llow ed  b y  an  
ac u te  p e rio d  o f infection  w ith  a co n 
tin u o u s  increase  in  th e  d eg re e  of rep li
ca ting  v iru s  u n til a  p ersis ten t, stab le  
FeLV infection  deve lops. If th e  v ire 
m ia  lasts  fo r a t  least tw e lv e  w eeks, a 
p e rs is ten t FeLV in fec tion  resu lts , w ith  
a  lack  o f im m u n ity  o r  p ro tec tio n  
ag a in s t th e  v a rio u s  F eL V -related  d is 
eases. If a n  effective im m u n e  resp o n se  
is m o u n te d  b y  th e  host, a  reg ressive  
FeLV in fec tion  occurs, w ith  e ith e r  n o  
v iru s  in  th e  b lo o d  o r  o n ly  a  tran s ien t 
v irem ia. T he v iru s  m a y  b e  rejected 
en tire ly  (immune infection) o r  co n 
tro lled  w ith in  b o n e  m a rro w  o r  o th e r 
tissu e  (sequestered infection), o r  a  p o r
tio n  o f th e  v iru s  g en o m e  m a y  b e  in 
c o rp o ra te d  w ith in  th e  g en o m e o f th e  
h o s t cell (latent infection).

In itia l in fec tion  w ith  FeLV occu rs in  
th e  ly m p h o id  tissues a t th e  site  o f 
in itia l v iru s  p e n e tra tio n  (u sua lly  th e  
tonsils); th e  v iru s  th e n  sp re a d s  v ia  
ly m p h a tic s  to  th e  local ly m p h  n o d es  
o f th e  h e a d  a n d  neck, w h e re  v ira l 
rep lica tio n  is am p lified . T w o  to  tw e lv e  
d a y s  a fte r th e  in itia l in fection , v iru s  
firs t a p p e a rs  in  th e  b lo o d  s trea m  (pri
mary viremia) a n d  invo lves o n ly  a 
sm all n u m b e r  of in fec ted  m o n o 
n u c lea r  w h ite  b lo o d  cells. D u rin g  th is  
b rie f tim e, v iru s  is tra n sp o rte d  to  o th e r  
reg io n s of th e  b o d y , especia lly  to  sys
tem ic ly m p h o id  tissue, th e  in testine, 
a n d  b o n e  m arro w . T hese  sites con ta in  
p o p u la tio n s  o f ra p id ly  d iv id in g  cells, 
in  w h ich  FeLV rep lica tion  can  b e  e n 
hanced . In fection  of w h ite  b lo o d  cells 
a n d  p la te le t p re c u rso r  cells in  th e  b o n e  
m a rro w  a n d  su b se q u e n t re lease  of 
in fected  cells in to  th e  circu la tion  resu lt 
in  a  m o re  p ro fo u n d  o r  seco n d a ry  
v irem ia. In  cats th a t d e v e lo p  a n  effec
tive im m u n e  re sp o n se  fo llow ing  FeLV 
infection , c o n ta in m en t o f th e  v iru s  
m a y  o ccu r in  th e  ea rly  ly m p h o id  s tage  
o f in fection, d u r in g  p r im a ry  v irem ia, 
o r  d u r in g  the  first few  w eek s o f sec
o n d a ry  v irem ia. T his rem o v a l o f v iru s



from  th e  b lo o d  b y  th e  h o st im m u n e  
re sp o n se  resu lts  in  a tran s ien t v irem ia; 
su ch  cats w ill p ro g re ss  from  a  FeLV 
test-positive  s ta tu s  to  a FeLV test- 
n eg a tiv e  sta tu s . In  th o se  ca ts  d es tin e d  
to  d ev e lo p  p e rs is ten t v irem ia , th e  h o st 
im m u n e  re sp o n se  is ineffective in  
co n tro llin g  v iru s  rep lication , a n d  the  
in fec tion  p ro ce ed s  to  inv o lv e  th e  b o n e  
m a rro w , p h a ry n x , re sp ira to ry  tract, 
e so p h ag u s , s tom ach , b la d d e r , a n d , 
im p o rta n tly , th e  sa liv a ry  g lands.

TRANSMISSION OF FELV

P ersis ten tly  v irem ic  ca ts  sh e d  infec
tio u s FeLV in  th e ir  sa liva  a n d  u rin e , 
a n d  m o st w ill rem a in  in fec tious for 
th e  re s t o f th e ir  lives. T hey  th u s  serve 
as  a  sou rce  o f infection  fo r u n in fec ted  
su scep tib le  ca ts  w ith  w h ich  th e y  com e 
in to  contact. C a ts  th a t d ev e lo p  im m u 
n ity  m a y  experience a n  in itia l tra n 
sien t v irem ia  la stin g  fro m  a  few  d ay s  
to  tw e lv e  w eeks, d u r in g  w h ich  tim e 
th e y  too  can  sh e d  in fec tious FeLV.

E xcretion  o f FeLV occurs p rim a rily  
in  sa liv a ry  secretions, a l th o u g h  v iru s  
m a y  also  b e  p re se n t in  re sp ira to ry  
secretions, feces, a n d  u rine ; th e  in fec
tio n  is u su a lly  ac q u ired  b y  ingestion . 
T h u s  th e  social g ro o m in g  h ab its  o f 
cats, lick ing  a n d  b itin g , sneez ing , a n d  
th e  sh a rin g  of litte r  boxes a n d  food 
b o w ls  p ro b ab ly  re p re se n t th e  m ajo r 
m o d e s  o f sp re a d  o f FeLV a m o n g  p e t 
cats. In  ad d itio n , in -u te ro  tran sfe r of 
v iru s  across th e  p lacen ta  a n d  excretion  
of FeLV in  co lo stru m  a n d  m ilk  a re  
k n o w n  to  occur, so th a t k itten s m a y  
becom e infected  e ith e r from  a n  in 
fected  q u e e n  o r  b y  close con tac t w ith  
o th e r  p ers is ten tly  in fec ted  cats. P ro 
lo n g ed  close con tac t (days to  w eeks, 
o r  longer) b e tw e en  cats is u su a lly  
req u ired  for effective tran sm iss io n  of 
FeLV; "asocial" ca ts  a p p e a r  to  b e  less 
read ily  in fected  th a n  m o re  "o u tg o in g "  
cats. V iru s can  also  b e  sp rea d  b y  b lood  
tran sfu s io n s  w h e n  th e  b lo o d  d o n o r  cat 
is v irem ic. T he tim e p e rio d  b e tw e en  
in itia l e x p o su re  to  a n  in fective d o se  o f 
FeLV a n d  th e  d ev e lo p m e n t o f e ith er 
v irem ia  o r  im m u n ity  is q u ite  variab le  
a n d  m a y  d e p e n d  in  p a r t  o n  th e  ro u te  
of v iru s  tran sm iss io n  as  w e ll a s  th e  
a m o u n t o f v iru s  in  th e  exposu re .

S tu d ies  h a v e  d e m o n s tra te d  th a t age  
a t th e  tim e  o f in fec tion  a n d  the  
a m o u n t a n d  s tra in  of th e  infective 
d o se  a re  im p o r ta n t d e te rm in a n ts  o f 
th e  o u tc o m e o f FeLV exposure . 
W h ereas  m o s t y o u n g  k itten s exposed  
to  FeLV becom e p ers is ten tly  v irem ic, 
m o s t ca ts  o ld e r  th a n  fo u r to  six 
m o n th s  o f ag e  d o  no t, su g g e stin g  th a t 
ag e -re la ted  m a tu ra tio n a l ch an g es in  
th e  im m u n e  sy stem  a re  invo lved . 
E v idence in d ica tes  th a t these  ch an g es 
occu r in  ca ts  b e tw e e n  tw o  a n d  fo u r 
m o n th s  of age. H o w ev er, it d o es  a p 
p e a r  th a t so m e o ld e r  an im als  m a y  
becom e p ers is ten tly  v irem ic if the 
d u ra tio n  o f e x p o su re  to  th e  v iru s  is 
len g th y , o r  if th e  ex p o su re  is to  certa in  
h ig h ly  v iru le n t v iru s  s tra in s  su c h  as 
th e  FeLV-FAIDS.

In  c o m m o n  w ith  m a n y  en v e lo p ed  
v iru ses , FeLV is lab ile  once o u ts id e  the  
ca t a n d  is ra p id ly  in ac tiv a ted  b y  alco
ho l an d  m o st c o m m o n  h o u se h o ld  
d e te rg en ts  a n d  d isin fectan ts. T he 
in fectiv ity  o f v iru s  in  sa liva  left to  d ry  
a t ro o m  te m p e ra tu re  h as  b ee n  sh o w n  
to  dec lin e  to  in co n seq u en tia l levels 
w ith in  th ree  to  fo u r  ho u rs . H o w ev er, 
th e  in fectiv ity  o f FeLV su sp e n d e d  in  
liq u id  (b lood  se ru m , tissu e  cu ltu re  
m e d iu m ) a t ro o m  te m p e ra tu re  m a y  
p e rs is t fo r sev era l d a y s  a n d  fo r 
ev e n  lo n g e r p e r io d s  a t re frig e ra to r 
te m p era tu re .

THE FELV-ASSOCIATED DISEASES

C a ts  p ers is ten tly  in fec ted  w ith  FeLV 
are  su scep tib le  to  d iseases th a t are 
d irec tly  o r  in d irec tly  c a u se d  b y  th e  
v iru s . T hose d irec tly  cau sed  b y  FeLV 
in c lu d e  ly m p h o id  m alignancies, 
m y e lo p ro life ra tiv e  d iso rd e rs , anem ias, 
th e  p an leu k o p en ia -lik e  a n d  thym ic 
a tro p h y  sy n d ro m es , a t least o n e  fo rm  
o f k id n e y  d isease , a n d  ce rta in  re p ro 
d u c tiv e  d iso rd ers . D iseases ind irectly  
cau sed  b y  FeLV in c lu d e  a m y ria d  of 
co n d itio n s th a t d ev e lo p  seco n d arily  to  
F eL V -m edia ted  su p p re ss io n  o f th e  
im m u n e  system . T he p ro g n o sis  for 
su rv iv a l o f p e rsis ten tly  v irem ic cats is 
poo r; a p p ro x im a te ly  50% d ie  w ith in  
six m o n th s  o f d e tec tio n  o f th e ir  infec
tion , a n d  o v e r 80% d ie  w ith in  th ree  
a n d  a  ha lf years. S om e p ers is ten tly  
v irem ic ca ts  can  live fo r m a n y  years, 
how ever.

Lym phoid malignancies. Lympho
sarcoma (LSA) a n d  lymphocytic leukemia 
are  a m o n g  th e  m o s t co m m o n  tu m o rs  
occu rrin g  in  A m erican  d o m estic  cats. 
Several fo rm s of LSA h a v e  b ee n  id e n 
tified , a n d  th e ir  c lassification  is b ased  
m o s t co m m o n ly  o n  th e ir  an a to m ic  
d is trib u tio n . T he tu m o rs  consist p r i
m arily  of so lid  m asses  o f ab n o rm a lly  
p ro life ra tin g  ly m p h o cy te s  a n d  consti
tu te  the  m ajo rity  o f the  m alignancies 
cau sed  b y  FeLV.

T he thymic, o r mediastinal, form is 
ch arac terized  b y  th e  p resen ce  o f a 
la rg e  tu m o r  m ass (or m asses) in filtra t
ing  th e  th y m u s  g la n d  a n d  sp rea d in g  
to  reg iona l ly m p h o id  tissu es a n d  
so m etim es to  s tru c tu re s  o u ts id e  th e  
chest. C lin ical signs reflect p re ssu re  
effects o f th e  m a ss  a n d  th e  severe  
in tra th o rac ic  flu id  ac cu m u la tio n  th a t 
freq u en tly  accom pan ies  th e  tu m o r. 
Physical ex am in a tio n  m a y  reveal 
lab o red  resp ira tio n , cyanosis, m uffled  
h e a r t so u n d s , co u g h in g , d ifficu lty  in  
sw allo w in g , a n d  incom pressib ility  of 
th e  ch es t w all.

T he alimentary form of LSA is ch a r
ac te rized  b y  tum or-ce ll in filtra tion  of 
th e  g as tro in tes tin a l trac t a n d  o th e r 
o rg an s, su ch  as  th e  in te stin a l ly m p h  
n o d es , liver, k idneys, a n d  sp leen . 
C o m m o n  p rese n tin g  signs in c lu d e  
in ap p e ten ce , w e ig h t loss, vom iting , 
d ia rrh ea , b lo o d y  stool, a n d  jaundice . 
O cclusion  o f th e  b o w el lu m e n  b y  th e  
p ro life ra tin g  tu m o r resu lts  in  consti
p a tio n  o r obstipation .

T he multicentric form is ch a rac ter
ized  by  p r im a ry  in v o lv e m e n t o f m a n y  
ly m p h o id  tissues of th e  b o d y  a n d  
ad d itio n a l in v o lv e m e n t o f o th e r  s tru c 
tu res , su ch  as  th e  b o n e  m a rro w , liver, 
k id n ey s, sp leen , a n d  lungs. P re sen tin g  
signs a re  v ariab le  a n d  d e p e n d e n t on  
th e  p rec ise  an a to m ic  d is trib u tio n  o f 
th e  tu m o r. T hey  o ften  in c lu d e  pa in less  
sw elling  o f p e rip h e ra l ly m p h  n o d es  
a n d  en la rg em e n t o f th e  sp le en  a n d  
live r a n d  o ften  of th e  in te stin a l ly m p h  
no d es , acco m p an ied  b y  in a p p e te n ce  
an d  w e ig h t loss. W h en  p e rip h e ra l 
ly m p h  n o d e  en la rg em e n t is th e  p r i
m a ry  sign , th e  tu m o r  m a y  b e  m is
ta k en  for th e  in itia l s tage  o f FIV 
infection  u n le ss  a ly m p h  n o d e  sm e ar 
o r  b io p sy  is p re p a re d . (See Feline Infor
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Atypical forms o f LSA also  occur 
a n d  consist u su a lly  of so lita ry  tu m o r 
m asses  in v o lv in g  p r im a ry  sites o f 
o rig in  in  n o n in te s tin a l, n o n ly m p h o id  
s tru c tu res . T hese  in c lu d e  th e  k idneys, 
cen tra l n e rv o u s  system , n asa l p a s 
sages, eyes, a n d , ra re ly , th e  sk in  o r 
bones. P resen tin g  s igns v a ry  acco rd 
in g  to  th e  location  o f th e  tu m o r.

L ym phocy tic  leu k em ia  is charac ter
iz ed  b y  th e  p resen ce  of cancerous 
ly m p h o c y te s  in  th e  b lo o d  o r  b o n e  
m a rro w . It m a y  p rec ed e  th e  d ev e lo p 
m e n t o f  LSA o r it m a y  b e  a ssocia ted  
seco n d a rily  w ith  LSA. P re sen tin g  
signs u su a lly  consist o f inappetence , 
d ep ressio n , a n d  w e ig h t loss. M ore 
specific s igns in c lu d e  an em ia , fever, 
jaund ice , a n d  en la rg em e n t o f th e  liver, 
sp leen , a n d  ly m p h  nodes.

L y m p h o id  tu m o rs  occu r in  cats o f 
all ages, b u t  ce rta in  ag e-re la ted  te n 
dencies h a v e  b ee n  o bserved . T h u s  th e  
th y m ic  fo rm  o f LSA a n d  lym phocy tic  
leu k em ia  occu r m o s t co m m o n ly  in  
y o u n g e r  cats, th e  m u lticen tric  fo rm  of 
LSA in  m id d le -ag e d  cats, a n d  the 
a lim e n ta ry  fo rm  in  m id d le -ag e d  a n d  
o ld e r  cats.
FeLV-negative lymphoid malig
nancies. D u rin g  th e  co u rse  o f in v es
tig a tio n s in to  th e  b io logy  of FeLV, it 
h as  beco m e a p p a re n t th a t a p p ro x i
m a te ly  o n e-th ird  of ly m p h o id  m alig 
nancies in  ca ts  a re  n eg a tiv e  for 
F eL V -related  m a teria l, su c h  as  v iru s  
particles, v ira l s tru c tu ra l p ro te in s , o r 
p ro v ira l D N A . M ost o f th ese  FeLV- 
n eg a tiv e  tu m o rs  a re  o f th e  a lim en ta ry  
ty p e  a n d  occu r p ro p o rtio n a lly  m o re  
o ften  in  o ld e r  ca ts  th a n  in  y o u n g e r  
ones. It a p p e a rs  th a t FeLV (p robab ly  
th e  re su lt o f a  la ten t infection) u lti
m a te ly  is resp o n sib le  fo r th e  d ev e lo p 
m e n t o f m a n y  o f these  FeLV -negative 
m alignancies. R ecently , h o w ev er, it 
h a s  b eco m e a p p a re n t th a t FIV m ay  
also  p la y  a  ro le  in  th e  p ro d u c tio n  of 
so m e  o f th ese  tu m o rs , p e rh a p s  as a 
resu lt o f th e  v iru s 's  im m u n o su p p re s 
sive p ro p ertie s .
Myeloproliferative disorders. 
M yelop ro lifera tive  d iso rd e rs  a re  a 
g ro u p  of p r im a ry  b o n e  m a rro w  
d iseases ch arac terized  b y  ab n o rm a l

p ro life ra tio n  of o n e  o r  m o re  hemo
poietic (b lood-fo rm ing) cell lines. 
Granulocytic (m yelogenous) leukemia, 
erythroleukemia, erythremic myelosis, 
megakaryocytic leukemia, polycythemia 
rubra vera, a n d  reticuloendotheliosis are  
all te rm s th a t h a v e  b ee n  a p p lie d  to  
v a rio u s  fo rm s o f these  d iso rd ers . 
C lassification  relies o n  iden tifica tion  
o f th e  cell line(s) o f o rig in . C linico- 
pa th o lo g ica l d iffe ren tia tio n  a m o n g  the  
d iffe ren t fo rm s is so m etim es d ifficu lt 
if  n o t im possib le , h o w ev er, because  
m o re  th a n  o n e  h em o p o ie tic  cell line 
m a y  b e  in v o lv ed , e ith e r seq u en tia lly  
o r  s im u ltan eo u sly . P re sen tin g  signs 
can  in c lu d e  in ap p e ten ce , d ep ress io n , 
w e ig h t loss, re len tless a n d  p ro g ressiv e  
an em ia , fever, jaund ice , p e rip h e ra l 
ly m p h  n o d e  en la rg em en t, a n d  en 
la rg e m e n t of th e  live r a n d  sp leen  
se co n d a ry  to  m assiv e  in filtra tion  b y  
ab n o rm a lly  p ro life ra tin g  h em opo ie tic  
cells.
Aplastic anemia. A plastic  an em ia  
(AA) is o n e  o f th e  m o re  co m m o n  
m an ifesta tio n s o f FeLV in fec tion  a n d  
is o ften  assoc ia ted  w ith  FeLV-C infec
tions. T h is ty p e  o f an em ia , a lso  k n o w n  
as  n o n reg e n e ra tiv e  o r  d ep re ss io n  
an em ia , is cha rac te rized  b y  a  severe  
re d u c tio n  in  th e  n u m b e r  o f red  b lo o d  
cell p re c u rso rs  in  th e  b o n e  m a rro w , 
re su ltin g  in  a  fa ilu re  to  p ro d u c e  
a d e q u a te  n u m b e rs  o f c ircu la ting  red  
cells. (Som etim es th e re  m a y  b e  a 
p an c y to p e n ia , in  w h ich  red-cell, 
w hite-cell, a n d  p la te le t p rec u rso rs  a re  
all affected). A A  m a y  occu r a lone  o r  in  
con junction  w ith  LSA o r a m y e lo 
p ro life ra tiv e  d iso rd er, o r  it m ay  
p rec ed e  th e  d ev e lo p m e n t o f a n  FeLV- 
in d u c e d  m alignancy . B ecause m a n y  
ca ts  sev ere ly  ill w ith  A A  a re  e u th a 
n iz ed , th e  tru e  inc idence o f su b se
q u e n t m alig n an cy  ca n n o t be 
accu ra te ly  d e te rm in e d . U n fo rtu n a te ly , 
b ecau se  of th e  sto ic n a tu re  o f cats, 
clin ical s igns o ften  a re  n o t d e tec ted  
u n til th e  an e m ia  is w e ll ad v an ced . 
C o m m o n  signs in c lu d e  in appetence , 
d ep re ss io n , w e ig h t loss, le thargy , 
re sp ira to ry  d istress, a n d  inc reased  
h e a r t rate . C o-infection  o f su c h  cats 
w ith  Haemobartonella felis, th e  red  
b lo o d  cell p a ra s ite  cau s in g  feline infec
tious anemia, m a y  c o n trib u te  to  the  
severity  o f th e  anem ia .

Other anemias. In  a d d itio n  to  A A , 
o th e r  ty p e s  o f an e m ia  m a y  occu r in  
ca ts  in  associa tion  w ith  FeLV infec
tion. T hese  in c lu d e  (1) leukoerythro- 
blastic anemia, ch arac terized  b y  the  
s im u lta n eo u s  p resen ce  of circu la ting  
im m a tu re  re d  b lo o d  cells in  n u m b e rs  
o u t o f p ro p o rtio n  to  th e  sev erity  of the  
an em ia , a n d  o f ce rta in  im m a tu re  
w h ite  b lo o d  cells (th is ty p e  o f an em ia  
h as  b ee n  o b se rv ed  in  so m e  cases of 
LSA); (2) megaloblastic anemia (sim ilar 
to  th e  an e m ia  of v itam in  B 12 / folate 
deficiency), so m e tim es seen  in  cats 
w ith  m y e lo p ro life ra tiv e  d iso rd ers;
(3) hemolytic anemia, charac te rized  b y  
p re m a tu re  d es tru c tio n  of c ircu la ting  
red  b lo o d  cells b y  a n  im m u n o lo g ic  
process; a n d  (4) anemia of chronic 
disease, d u e  to  ineffective reu tiliza tio n  
o f  iro n  fo r sy n th e s iz in g  hem og lob in . 
Panleukopenia-like syndrome.
A  sy n d ro m e  resem b lin g  feline pan
leukopenia (feline p a rv o v iru s  infection) 
h as  b ee n  o b se rv ed  in  so m e FeLV- 
in fec ted  cats k n o w n  to  b e  im m u n ize d  
ag a in s t p an leu k o p e n ia . P resen tin g  
s igns o ften  in c lu d e  in ap p e ten ce , d e 
p ression , d e h y d ra tio n , w e ig h t loss, 
fever, v o m itin g , d ia rrh e a  (w h ich  m a y  
b e  b loody ), a n d  a p ro fo u n d  red u c tio n  
in  th e  n u m b e r  of c ircu la ting  w h ite  
b lo o d  cells. A n em ia  m a y  also  be 
p resen t. A lth o u g h  affected  ca ts  m a y  
re sp o n d  tran s ien tly  to  su p p o rtiv e  
th e ra p y , th e  d isease  is p ro g re ss iv e  a n d  
a lw a y s  fatal.
Thymic atrophy syndrome. K ittens 
b o m  to  p ers is ten tly  v irem ic q u ee n s  
o ften  d ev e lo p  a  sy n d ro m e  o f le thargy , 
in ap p e ten ce , w astin g , s tu n te d  g ro w th , 
a tro p h y  o f th e  th y m u s  a n d  o th e r  ly m 
p h o id  s tru c tu re s , a n d  en h a n ce d  su s
cep tib ility  to  infection  w ith  o th e r  
d ise ase -p ro d u c in g  ag e n ts  ("fad in g  
k itten" sy n d ro m e). T h e  d eg re e  of 
th y m ic  a tro p h y  can  b e  severe, 
am o u n tin g  to  v ir tu a l d isa p p e a ra n c e  o f 
th e  o rg a n  in  so m e cases. S uch  k ittens 
d o  n o t g a in  w e ig h t a n d  o ften  d o  n o t 
n u rse  v igorously . M an y  d ie  from  
seco n d ary  bac teria l o r  v ira l in fections 
w ith in  th e  first few  d a y s  o r  w eek s  of 
life. T hose  th a t su rv iv e  a re  p e rs is ten t 
ca rrie rs  o f FeLV a n d  a re  th u s  capab le



of tran sm ittin g  th e  v iru s  to  o th e r  su s
cep tib le  cats. T he sy n d ro m e  m a y  also  
p rec ed e  th e  d e v e lo p m e n t o f a n  FeLV- 
in d u c ed  m alignancy .
Reproductive disorders. Q u ee n s  
in fec ted  w ith  FeLV m a y  experience 
o n e  o r  m o re  rep ro d u c tiv e  d iso rd ers , 
in c lu d in g  feta l reso rp tio n , abo rtion , 
in fertility , en d o m etritis  (u te rin e  in 
flam m ation ), a n d  b ir th  o f “fad in g "  
k ittens. A b o rtio n s characteristica lly  
occu r la te  in  g es ta tio n  a n d  a re  m o re  
fre q u en t in  h ig h -d en sity  m u ltip le -ca t 
FeLV h o u se h o ld s  th a n  in  so litary -cat 
h o u se h o ld s  o r m u ltip le -ca t h o u se 
h o ld s  free o f FeLV. It h as  b een  
re p o rte d  th a t n ea rly  75% of in fertile  
q u ee n s  a re  p ers is ten tly  virem ic. 
Chronic kidney disease. 
Glomerulonephritis, a  ty p e  of k id n e y  
d isease , h as  b ee n  d esc rib ed  in  ca ts  in  
associa tion  w ith  LSA, lym phocy tic  
leukem ia, a n d  g ran u lo cy tic  leukem ia. 
In  ad d itio n , k id n e y  d isease  in  th e  
absence  of m a lig n an cy  h as  b een  re
p o r te d  in  FeLV -infected ca ts  a n d  m a y  
b e  th e  le ad in g  cau se  o f feline d e a th  in  
a n  FeLV -infected h o u seh o ld . Immune- 
complex kidney disease, ra n g in g  from  
subclin ical m icroscop ic lesions to  the  
nephrotic syndrome, m a y  b e  ca u se d  b y  
fo rm a tio n  of a n tig en -an tib o d y  com 
plexes th a t accu m u la te  in  k id n ey  
g lom eru li. T he p r im a ry  an tig en  
ag a in s t w h ich  th e  an tib o d ie s  a re  
d irec ted  a p p e a rs  to  b e  th e  p27  core 
p ro te in  of FeLV.

A  m ild  to  m o d e ra te ly  severe  
g lo m e ru lo n ep h ritis  m a y  occu r in  
so m e cats su ffe ring  fro m  chronic pro
gressive polyarthritis (CPP), a sy m 
m etrica l p o ly a rth ritis  w ith  sim ilarities 
to  rh e u m a to id  a rth ritis  o f h u m a n  
beings. A lth o u g h  th e  cau se  is u n 
k n o w n , th e re  is so m e  ev id en ce  th a t 
d u a l  in fec tion  o f cats w ith  FeLV a n d  
FeSFV m a y  b e  associa ted  w ith  C P P  in  
so m e  cats.
Diseases secondary to immuno
suppression. S eco n d ary  d isease  
en tities associa ted  w ith  F eL V -induced  
im m u n o su p p re ss io n  co n s titu te  o n e  o f 
th e  m o st im p o rta n t m an ifesta tio n s of 
FeLV infection . U p  to  50% o f all ca ts 
w ith  severe  b ac te ria l in fec tions o r 
feline in fec tious an e m ia  a n d  75% of

ca ts  w ith  toxop lasm osis h av e  a n  u n 
d e rly in g  FeLV infection . In  a d d itio n  to  
th ese  d iso rd ers , F eL V -induced  
im m u n o su p p re ss io n  h as  b ee n  associ
a te d  w ith  ch ron ic  m o u th  a n d  g u m  
infections, p o o rly  h ea lin g  o r  rec u rren t 
abscesses, d e e p  sk in  infections, 
ch ron ic  re sp ira to ry  in fections, acu te  
colitis, sev ere  ea r in fections, a n d  feline 
in fec tious periton itis . (All o f these  
p ro b lem s, o f cou rse , m a y  a lso  b e  seen  
in  cats n o t in fec ted  w ith  FeLV. S om e 
of th e m — for exam ple , th e  o ra l a n d  
re sp ira to ry  infections-—are  co m m o n ly  
fo u n d  in  FTV-infected cats.) FeLV- 
in d u c e d  im m u n o su p p re ss io n  p ro b 
ab ly  co n trib u tes  also  to  th e  d ev e lo p 
m e n t o f F eL V -induced  m alignancies.

THE FESV-ASSOCIATED DISEASES

FeSV is th e  cau sa tiv e  ag e n t o f som e 
fibrosarcomas (tu m o rs  of connective  
tis su e  cells) a n d  malignant melanomas 
(tu m o rs  of p ig m e n t-p ro d u c in g  cells) 
in  cats. M u ltip le  fib rosarcom as aris in g  
in  th e  sk in  o f y o u n g e r  ca ts  (generally  
less th a n  five y ears  o f age) a re  u su a lly  
associa ted  w ith  FeSV, w h erea s  soli
ta ry  fib rosarcom as fo u n d  in  o ld e r  cats 
u su a lly  a re  no t. F eS V -induced  m a lig 
nan c ies  occu r on ly  ra re ly  in  cats, h o w 
ever, a n d  th u s  a re  o f re la tive ly  m in o r  
clinical sign ificance w h e n  co m p ared  
to  th e  a rra y  o f p ro b lem s associa ted  
w ith  p e rs is ten t FeLV infection.

DIAGNOSTIC AIDS FOR FELV 
INFECTION

T he FeLV p27  core p ro te in  p ro v id es  
th e  m ajo r an tigen ic  b as is  fo r th e  d e tec
tio n  o f FeLV in  b o th  th e  fixed-cell 
immuno-fluorescence assay (IFA), also  
k n o w n  as  th e  slide  test o r  H a rd y  test, 
a n d  th e  enzyme-linked immunosorbent 
assay (ELISA). T he IFA  req u ires  th a t 
d ro p s  o f w h o le  b lo o d  b e  sm e ared  on to  
m ic roscope  slides a n d  a ir-d ried  a n d  
th a t th e  slides b e  su b m itte d  to  a d ia g 
nostic  la b o ra to ry  fo r testing . ELISA 
a n d  o th e r  im m u n o a ssa y  tests  u se  
b lo o d , se ru m , o r  b o d y  secretions su ch  
as  saliva, a n d  a re  m a n u fa c tu re d  in  kit 
fo rm  fo r in -h o sp ita l u se  b y  v e te rin a r
ian s as  w e ll a s  in  p la te  te s ts  fo r u se  in  
d iag n o stic  labora to ries.

A  p o sitiv e  te s t fo r FeLV b y  IFA 
reflects th e  p resen ce  of FeLV -infected

b lo o d  cells in  a ca t a t th e  tim e  th e  
sam p le  w a s  taken . A d d itio n a lly , a 
p o sitiv e  IFA te st im p lies th a t a  ca t is 
sh e d d in g  FeLV a n d  is a h ea lth  h a z a rd  
to  u n in fec ted  su scep tib le  cats, e sp e
cially k itten s a n d  ca ts  o n  im m u n o 
su p p ress iv e  d ru g  th e rap y . A positive 
test does not diagnose an FeLV-associated 
disease, only FeLV infection. A p p ro x i
m a te ly  97% o f cats te s tin g  p o sitiv e  by  
IFA rem a in  p o sitiv e  fo r life. A  n eg a 
tive  IFA  te st in d ica tes  th a t n o  d e tec t
ab le  FeLV -infected b lo o d  cells a re  
p resen t. It d o es  n o t exc lude th e  possi
b ility  th a t a  cat is in c u b a tin g  FeLV a t 
th e  tim e o f testing , n o r  d o es  it im p ly  
th a t a  ca t h as  d ev e lo p e d  im m u n ity  to  
FeLV. In  ca ts  w h e re  LSAs a n d  leu k e
m ia s  d o  n o t p ro d u c e  v iru s , re p re se n t
ing  a b o u t o n e-th ird  o f all feline 
ly m p h o id  tu m o rs , FeLV tests  a re  
negative .

A  p o sitiv e  te st b y  ELISA signifies 
th e  p resen ce  o f c ircu la ting  FeLV p27 
in  th e  b lo o d  fraction  (p lasm a, se ru m , 
w h o le  b lo o d ) tested . M ost but not all 
ca ts  p o sitiv e  b y  ELISA are  ac tive ly  
sh e d d in g  in fec tious FeLV. A  n eg a tiv e  
ELISA te st in d ica tes  th a t n o  detec tab le  
FeLV p27  is p resen t, b u t, a s  in  th e  IFA 
test, d o es  n o t ex c lu d e  th e  p ossib ility  of 
v iru s  in c u b a tio n  a n d  is n o t a n  in d ica 
to r o f im m u n ity  to  FeLV.

T ran sien tly  v irem ic  ca ts  ch arac ter
istically  te s t p o sitiv e  a n d  th e n  rev e rt to  
n eg a tiv e  s ta tu s  w ith in  a b o u t tw e lv e  
w eeks. It is th u s  im p o rta n t th a t FeLV 
tests b e  rep e a te d  in  tw e lv e  w eeks to  
d e te rm in e  w h e th e r  th e  v irem ia  is 
tran s ien t o r  persis ten t. V irtua lly  a ll 
ca ts p o sitiv e  b y  IFA  a re  p e rsis ten tly  
v irem ic. Both transiently and persistently 
viremic cats can shed infectious FeLV for 
the duration of the viremia.

ELISA tests  a re  a lso  ava ilab le  to  
d e tec t FeLV in  sa liva a n d  tears. T here  
is so m e sm all d eg re e  o f variab ility  in  
th ese  tests, a n d  so m e p o sitiv e  an im als  
m a y  b e  m issed . Saliva a n d  te a r  te s ts  a t 
p re se n t sh o u ld  b e  rese rv ed  fo r sc reen 
in g  p u rp o se s  a n d  p e rh a p s  a lso  for 
te s ting  fractious cats th a t a re  d ifficu lt 
to  b leed . A ll sa liva  a n d  te a r  FeLV- 
positive  tests  sh o u ld  b e  con firm ed  by  
an o th e r  test, p re fe rab ly  a n  IFA  test.

In  th e  la st sev era l y ears, co m p a ra 
tive  s tu d ie s  h av e  id en tified  so m e cats
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th a t rem a in  p o sitiv e  b y  ELISA b u t 
n eg a tiv e  b y  IFA  o r b y  v iru s  iso lation  
(a p ro c e d u re  n o t co m m o n ly  p e r
fo rm ed  in  th e  U n ited  States) for m a n y  
m o n th s , ev e n  fo r years. A s m a n y  as 
30% of ca ts  p o sitiv e  b y  ELISA m a y  b e  
n eg a tiv e  b y  o n e  o r  b o th  o f th e  o th e r  
m e th o d s. R etests p e rfo rm ed  o n e  to  ten  
m o n th s  a fte r in itia l te s tin g  h av e  
sh o w n  th a t th e  FeLV s ta tu s  o f m o st of 
these  cats rem a in s  u n ch a n g ed . T he 
ce llu lar so u rce  o f th e  FeLV a n tig en  
cau sin g  th e  p ersis ten tly  positive  
ELISA resu lts  a p p e a rs  to  lie in  the  
b o n e  m a rro w  o r  ly m p h  nodes. T he 
m o s t recen t s tu d ie s  p u b lish ed  ind ica te  
th a t p e rs is ten tly  E L IS A -positive /IF A - 
n eg a tiv e  cats, u n lik e  th e ir  p e rsis ten tly  
IFA -positive co u n te rp a rts , d o  n o t g ive 
b ir th  to  in fec ted  k itten s a n d  th a t, in  
general, these  an im als  d o  n o t a p p e a r  
to  b e  sh e d d in g  in fec tious FeLV in to  
th e  en v iro n m en t. Im p o rtan tly , s tu d ies  
th u s  far in d ica te  th a t E L IS A -positive / 
IF A -negative cats a re  n o t a t g rea t risk  
to  d ev e lo p  on e  o r  m o re  o f th e  FeLV- 
associa ted  d iseases th a t  can  afflict 
p ers is ten tly  v irem ic (IFA -positive) 
cats.

TREATMENT OF SELECTED FELV- 
ASSOCIATED DISEASES

T he th e ra p eu tic  goals o f th e  v e te rin a r
ian  in  trea tin g  m a n y  o f th e  FeLV- 
associa ted  d iseases a re  to  p ro v id e  
pa llia tiv e  relief fro m  clinical s igns a n d  
to  p ro lo n g  life. H o w ev er, th e ra p y  
sh o u ld  b e  ad v o ca ted  on ly  if th e re  is 
th e  possib ility  o f m a in ta in in g  a  g o o d  
q u a lity  o f life fo r th e  pa tien t. In  a d d i
tion , e th ica l q u es tio n s  re g a rd in g  p ro 
lo n g e d  tre a tm e n t o f p e rsis ten tly  
v irem ic an im als  sh e d d in g  a n  
oncogen ic v iru s  in fec tious fo r o ther, 
h ea lth y  cats m u s t b e  a d d re sse d  by  
b o th  th e  v e te rin a ria n  a n d  ca t o w ner.
To d a te  th e re  is n o  consisten t, effective 
w a y  o f rev e rs in g  th e  F eLV -positive 
s ta tu s  of p ers is ten tly  v irem ic  cats; 
severa l ex p e rim en ta l the rap ies , h o w 
ever, a re  u n d e r  investiga tion . 
Lymphoid malignancies. F or trea t
in g  ly m p h o id  m alignancies, several 
th e ra p eu tic  m e th o d s  a re  availab le , 
in c lu d in g  ch em o th e rap y , su rg ery , a n d  
ra d ia tio n  th e rap y . In  g eneral, ly m 
p h o id  m alignancies  a re  q u ite  re sp o n 

sive to  rad ia tio n , b u t  th e ir  w id e sp re a d  
an a to m ic  d is tr ib u tio n  u su a lly  d ic ta tes 
o th e r  m e th o d s  o f trea tm en t. C onse
q u en tly , c h e m o th e ra p y  h as becom e 
th e  trea tm e n t o f choice fo r these  
tu m o rs.

C o m b in a tio n  c h e m o th e ra p y  in 
v o lv in g  s im u lta n eo u s  a d m in is tra tio n  
o f severa l d ru g s  gen era lly  w ill e n 
han ce  chances for ob ta in in g  a clinical 
rem ission . C o m m o n  th e ra p eu tic  
ag en ts  u se d  in  trea tin g  ly m p h o id  
m alignancies in c lu d e  p red n iso lo n e , 
v inc ris tine  (O ncovin® ), cy c lo p h o sp h a
m id e  (C ytoxan® ), a n d  cy tosine  a rab i
n o sid e  (C ytosar® ). A lte rn a tiv e  d ru g s  
th a t can  b e  u se d  in itially  o r  su b sti
tu te d  fo llow ing  a clinical re lap se  
in c lu d e  v in b lastin e  (Velban® ), ch lo r
am b u cil (L eukeran® ), m e th o trex a te  
(MTX®), a n d  d oxorub ic in  
(A driam ycin® ). All of these agents have 
side effects th a t m u s t b e  ta k en  in to  
co n s id era tio n  w h e n  d ec id in g  o n  a  
th e ra p eu tic  reg im en .

In  genera l, m a n y  ly m p h o id  m alig 
n anc ies  in  cats w ill re sp o n d  in itia lly  to  
co m b in atio n  ch em o th e rap y . U n fo rtu 
nate ly , m a lig n a n t cells w ith  resis tance 
to  th e  a d m in is te red  d ru g s  o ften  arise, 
a n d  a second  rem ission  fo llow ing  a 
clinical re lap se  m a y  b e  d ifficu lt to  
achieve. L y m p h o id  m alig n an cies  th a t 
re sp o n d  b es t to  tre a tm e n t in c lu d e  the  
thym ic  a n d  m u lticen tric  fo rm s of LSA; 
th o se  th a t re sp o n d  th e  least in c lu d e  
th e  a lim e n ta ry  fo rm  o f LSA a n d  ly m 
phocy tic  leukem ia.
M yeloproliferative disorders. T he 
p ro fo u n d  an em ia  th a t o ften  acco m p a
n ies m y e lop ro life ra tive  d iso rd e rs  is 
th e  m o st c o m m an d in g  concern  of the  
v e te rin a ria n  w h e n  co n tem p la tin g  
trea tm e n t o f affected  cats. T h u s  th e  
m o s t im p o rta n t in itia l th e ra p eu tic  
p ro c e d u re  is th e  tran sfu s io n  o f fresh  
w h o le  b lo o d  fro m  a  h ea lth y  d o n o r  cat. 
C h e m o th e ra p eu tic  reg im en s  consist of 
m a n y  o f th e  sam e d ru g s  u se d  in  tre a t
in g  ly m p h o id  m alignancies, in c lu d in g  
p red n iso lo n e , cy c lo p h o sp h am id e , a n d  
cy tosine  arab in o sid e . T he resu lts  o f 
th e ra p y  fo r m y e lo p ro life ra tiv e  d iso r
d e rs  in  cats, h o w ev er, h av e  b een  d is 
ap p o in tin g  to  d ate .
Aplastic anemia. Sim ilarly , a d m in is 
tra tio n  o f fresh  w h o le  b lo o d  to  cats

w ith  A A  is im p e ra tiv e  w h e n  red  
b lo o d  cell co u n ts  fall b e lo w  accep tab le 
levels. T ran sfu sio n s a lso  a re  o ften  
su p p le m e n te d  w ith  co rticostero id  
th e ra p y  (p redn iso lone) a n d  so m e
tim es w ith  a d d itio n a l ag e n ts  su c h  as 
cy c lo p h o sp h am id e . A A  is gen era lly  a 
re len tless, p ro g ress iv e  con d itio n , h o w 
ever, a n d  rep e a te d  tran sfu s io n s  a re  
freq u en tly  req u ired  to  m a in ta in  
a d e q u a te  n u m b e rs  o f c ircu la ting  red  
b lo o d  cells. S om e success in  trea tin g  
A A  h a s  b ee n  re p o rte d  b y  u s in g  in te r
feron  as  a n  ex p e rim en ta l th e ra p eu tic  
agent.
Antiviral therapy of FeLV-positive 
cats. A t th e  p re se n t tim e  th e re  is n o  
reliable, effective an tiv ira l chem o
th e ra p y  th a t w ill e lim in a te  FeLV 
infection  in  p ers is ten tly  v irem ic cats. 
Z id o v u d in e  (also k n o w n  as  az ido - 
th y m id in e , o r  A ZT) a n d  2', 3'- 
d id eo x y cy tid in e  (also called  D DC), 
w h ich  h a v e  b een  in v estig a ted  fo r a 
n u m b e r  o f y ea rs  fo r th e  tre a tm e n t of 
A ID S in  p eo p le , m a y  h a v e  so m e m a r
g in a l efficacy ag a in s t FeLV, b u t side  
effects a n d  h ig h  cost h av e  p rec lu d ed  
m o re  w id e sp re a d  s tu d y  in  cats. D ru g s  
d es ig n ed  to  m o d ify  o r  en h a n ce  th e  
b o d y 's  o w n  im m u n e  re sp o n se  (w hich  
h a s  th e  u ltim a te  resp o n sib ility  for 
clea ring  v ira l infections), su ch  as  the  
in te rfe rons a n d  in te rleuk ins , m ay  
ev e n tu a lly  p ro v e  o f clinical v a lu e  in  
trea tin g  FeLV a n d  o th e r  re tro v iru s  
infections.

CONTROL OF FELV INFECTIONS

E lim ination  of FeLV fro m  a n  infected  
h o u se h o ld  can  b e  ach iev ed  b y  im p le 
m e n ta tio n  of a n  FeLV test-and - 
rem o v a l p ro g ra m  u sin g  th e  IFA  test. 
T his p ro g ra m  h a s  b ee n  h ig h ly  effec
tive  in  rem o v in g  FeLV from  infected  
m u ltip le -ca t h o u se h o ld s  a n d  catteries. 
In  a su rv ey  of fo rty -five h o u se h o ld s  
a n d  ca tte ries fro m  w h ich  159 FeLV- 
p o sitiv e  ca ts  w ere  rem o v e d , 561 of 564 
(99.5%) F eL V -negative cats rem a in ed  
n eg a tiv e  o n  re testing . M ultip le -cat 
h o u se h o ld s  in  w h ich  FeLV test-and - 
rem o v a l has  n o t b ee n  im p lem e n te d  
m a y  experience in fec tion  ra tes  ov er 
fo rty  tim es g rea te r th a n  th o se  experi
enced  b y  h o u se h o ld s  in  w h ich  the
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p ro g ra m  h as  b ee n  successfu lly  in tro 
d u ced .
FeLV-positive households. All cats 
in  th e  h o u se h o ld  sh o u ld  b e  te s ted  b y  
IFA , reg a rd le ss  o f ag e  o r  cond ition .
All ca ts  fo u n d  p o sitiv e  sh o u ld  b e  re 
m o v e d  a n d  th e  h o u se h o ld  p rem ises  
c leaned  w ith  a com m ercia l d isin fec
ta n t o r  d e te rg en t. A ll litte r  boxes a n d  
food  a n d  w a te r  b o w ls  sh o u ld  b e  th o r
o u g h ly  sc ru b b ed  a n d  d is in fected , o r 
rep laced . C a ts  th a t in itia lly  te s ted  
n eg a tiv e  sh o u ld  b e  re te sted  several 
tim es o v er a  p e rio d  o f e ig h t to  tw elve  
m o n th s , in  case th e y  w ere  in fected  just 
befo re  th e  first te s t (before th e  o n se t o f 
d e tec tab le  v irem ia) o r  a re  cycling  in  
th e ir  level o f d e tec tab le  v irem ia. Be
cau se  th e  tim e p e rio d  b e tw e en  infec
tio n  a n d  v irem ia  can  b e  ex trem ely  
v ariab le , a n  in fected  ca t th a t te sted  
n eg a tiv e  in itia lly  m a y  b e  positive  
w h e n  te sted  ag a in  later. D u rin g  th e  
te stin g  p e rio d  n o  n e w  ca ts sh o u ld  be 
a llo w ed  to  e n te r  th e  h o u seh o ld . If a n y  
FeL V -positive ca ts  a re  id en tified  o n  
su b se q u e n t testing , th e y  sh o u ld  be 
rem o v e d  a n d  a n o th e r  p e r io d  of q u a r
a n tin e  a n d  testing  im p o sed . All cats in 
the household should test negative for 
FeLV in two tests at least three months 
apart for the household to be considered 
"free" of infectious FeLV.
FeLV-negative households. All n e w  
ca ts  en te rin g  a n  FeL V -negative h o u se 
h o ld  sh o u ld  b e  te sted  befo re  en try . 
A n y  p o sitiv e  ca ts  sh o u ld  b e  exc luded  
fro m  en te rin g  th e  h o u seh o ld . C ats 
te s tin g  n eg a tiv e  sh o u ld  b e  q u a ra n 
tin e d  in  se p a ra te  q u a r te rs  fo r th re e  to  
five m o n th s  a n d  re te s te d  n eg a tiv e  on e  
o r  tw o  tim es b efo re  b e in g  a llo w ed  to  
m in g le  w ith  th e  es tab lish ed  FeLV- 
n eg a tiv e  p o p u la tio n . Ideally , n e w  cats 
sh o u ld  b e  o b ta in ed  o n ly  from  o th e r 
h o u se h o ld s  o r  ca tte ries p rac tic ing  
FeLV test-an d -rem o v a l.

B ecause of th e  v ariab le  in cu b atio n  
p e rio d  o f in fection , ro u tin e  y ea rly  o r 
tw ice-yearly  tes ting  fo r FeLV is su g 
g es ted  fo r ca ts  in  catteries. P ersis ten tly  
v irem ic ca ts  sh o u ld  n ev e r  b e  u se d  for 
b re e d in g  p u rp o se s , in  p a r t  b ecau se  
in fec ted  q u ee n s  w ill tra n sm it th e  v iru s  
to  th e ir  v iab le  o ffspring .

If a n  F eL V -positive ca t is rem o v ed  
fro m  a  sing le-cat h o u se h o ld , a  w a itin g  
p e r io d  (su g g ested  to  b e  a t  least th ir ty

days) sh o u ld  b e  o b se rv ed  before 
re p o p u la tin g  w ith  o n e  o r  m o re  FeLV- 
n eg a tiv e  cats. T h e  litte r  box  a n d  food  
b o w ls  sh o u ld  b e  th o ro u g h ly  sc rubbed  
a n d  d isin fec ted , o r  p re fe rab ly  re 
p laced , a n d  th e  p rem ises  d ec o n ta m i
n a te d  as  th o ro u g h ly  as  p ossib le  w ith  a 
com m ercia l d isin fectan t.

C e rta in  m od ifica tions o f th e  test- 
a n d -rem o v a l p ro g ra m  m a y  b e  m a d e  
fo r h o u se h o ld s  in  w h ich  b o th  FeLV- 
n eg a tiv e  a n d  FeL V -positive ca ts  a re  
m a in ta in ed . T h e  p o sitiv e  ca ts  in  these  
h o u se h o ld s  sh o u ld  b e  iso la ted  from  
con tac t w ith  all o th e r  cats. T his w ill 
p re v e n t n o t o n ly  th e  sp re a d  o f FeLV 
to  suscep tib le  cats b u t also  ex p o su re  of 
v irem ic cats to  o th e r  in fec tious ag en ts  
to  w h ich  th e y  m a y  h a v e  a  h e ig h ten e d  
suscep tib ility . N o  n e w  ca ts  sh o u ld  be 
in tro d u c e d  a t a n y  tim e, a n d  th e  FeLV- 
p o sitiv e  cats sh o u ld  n o t b e  a llo w ed  to  
b reed . S ep ara te  litte r  boxes a n d  food 
bo w ls  m u s t b e  m a in ta in e d  fo r positive  
a n d  n eg a tiv e  cats. C lean liness a n d  
p e rso n a l h y g ien e  sh o u ld  b e  o bserved  
a t all tim es, a n d  it h a s  b ee n  su g g ested  
th a t se p a ra te  c lo th ing  b e  k ep t fo r co n 
tact w ith  FeL V -positive cats to  m in i
m ize  m echan ica l tran sm iss io n  o f the  
v iru s . H o w ev er, FeLV is re la tive ly  
lab ile  in  th e  e n v iro n m en t a n d  th e  
like lihood  of v iru s  tran sm iss io n  p o s
sib le u n d e r  th ese  c ircu m stan ces is 
u n ce rta in , b u t  p ro b ab ly  m in im al.

THE PROBLEM OF LATENCY

T he persis ten ce  o f th e  in te g ra te d  p ro 
v iru s  in  in fec ted  cells a n d  in  th e ir  
o ffsp ring  (la ten t infection) is a n  im 
p o r ta n t a sp ec t o f th e  rep lica tion  cycle 
of re tro v iru ses . C ells so in fected  fre
q u en tly  p e rs is t in  th e  face o f a n  active 
im m u n e  response . E v idence co n tin u es 
to  ac cu m u la te  th a t m a n y  cats th a t 
m o u n t a n  effective im m u n e  re sp o n se  
fo llow ing  FeLV in fec tion  nev e rth e le ss  
co n tin u e  to  h a rb o r  in fec tions in  b o n e  
m a rro w  cells a n d  ly m p h  nodes. T he 
im p lica tion  o f th is  f in d in g  is th a t 
m a n y  ca ts (from  30% to  60%) th a t 
h av e  " reco v ered "  from  FeLV infection  
b y  d ev e lo p in g  a n  effective im m u n e  
re sp o n se  a n d  e lim in a tin g  th e  v iru s  
fro m  th e  b lo o d s tre a m  n ev e rth e le ss  a re  
still in fected ; th u s  "F eL V -negative" 
cats a re  not necessarily free o f FeLV. 
P re g n an t q u ee n s  th a t a re  la ten tly

infected  m a y  in  so m e  cases p ass  infec
tio u s FeLV th ro u g h  th e  co lo stru m  o r 
m ilk  to  th e ir  k ittens; su c h  in fected  
k itten s o ften  b eco m e p ersis ten tly  
v irem ic. In  ad d itio n , so m e cats w ith  
FeL V -negative tu m o rs  h a v e  b ee n  
sh o w n  to  b e  h a rb o rin g  la ten t FeLV 
in fec tions in  th e  b o n e  m a rro w . D efin i
tiv e  d ia g n o sis  o f a  la ten t in fec tion  
req u ires  cu ltu re  of b o n e  m a rro w  cells 
in  th e  lab o ra to ry ; in  a  few  cases, h o w 
ever, th e  la ten t in fec tion  localizes in  
ly m p h o id  o r  o th e r  tis su es w ith o u t 
b eco m in g  es tab lished  in  th e  b o n e  
m arro w .

C ats  la ten tly  in fected  w ith  FeLV 
are  b y  defin itio n  n o t v irem ic a n d  th u s  
d o  n o t sh e d  in fec tious FeLV in to  th e  
en v iro n m en t. H o w ev er, a d m in is tra 
tion  o f co rticoste ro id s (such  as 
p red n iso lo n e) can  reac tiva te  som e 
la ten t in fections, re su ltin g  in  re- 
em erg en ce  o f FeLV in to  th e  b lo o d 
s trea m  (i.e., rev e rs io n  to  F eLV -positive 
sta tus). It is n o t k n o w n  if th is  occurs 
fo llow ing  n o rm a l th e ra p eu tic  d o s in g  
w ith  ste ro ids. M ost la ten t in fections 
a re  cau sed  b y  FeLV -A  a n d  a p p e a r  to  
d iss ip a te  w ith in  a  re la tive ly  sh o rt 
p e r io d  o f tim e  (less th a n  a  year), p e r 
h a p s  b ecau se  th e  in fec ted  cells d iffer
en tia te  to  ex tinction  o r  a re  scav en g ed  
b y  im m u n o lo g ica l processes. W ith in  
th ree  y ea rs  o f FeLV ex p o su re , the  
m a jo rity  o f la ten t in fec tions w ill h av e  
b ee n  ex tingu ished .

B ecause co rticostero id  re lease  from  
th e  a d re n a l g la n d s  is a n a tu ra l p h y si
o logical re sp o n se  to  stress, it seem s 
reaso n ab le  to  su sp e c t th a t ce rta in  
stressfu l life s itu a tio n s  (in  ad d itio n  to  
p re g n a n c y  a n d  lacta tion ) in  th e  d ay - 
to -d ay  ex istence o f cats— su c h  as ov er
c ro w d in g , m o v e m e n t to  n e w  q u arte rs , 
te rrito ria l conflicts, im p ro p e r  n u tr i
tion , a n d  in te rc u rre n t d isease— m a y  
se rv e  to  reac tiv a te  la ten t FeLV infec
tions in  na tu re . T h is co u ld  exp la in  the  
occasionally  o b se rv e d  in stan ces in  
w h ich  a  ca t w ith  a lo n g  h is to ry  of 
n eg a tiv e  FeLV tests  in  a  c losed  ca tte ry  
free  o f FeLV su d d e n ly  b ecom es FeLV- 
positive.

A lth o u g h  th e  m a jo rity  o f la ten tly  
in fec ted  cats a re  n o t fa ted  to  d ev e lo p  
FeL V -related  d isease  in  th e  fu tu re , a 
sm a ll p e rc en ta g e  (estim ated  a t  less 
th a n  5%) w ill b e  affected  in  so m e w ay .
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It is possib le , fo r instance, th a t la ten t 
in fections a re  resp o n sib le  fo r m a n y  of 
th e  v iru s-n eg a tiv e  LSAs, especially  
th o se  of th e  in testin a l ty p e , seen  in  
o ld e r  cats. F ro m  a n  ep izoo tio log ic  
s ta n d p o in t, h o w ev er, th e  significance 
o f la ten t in fec tions is p ro b ab ly  less 
th a n  w a s  once th o u g h t. If la ten tly  
in fected  cats rep re se n ted  a  tru ly  im 
p o rta n t so u rce  of infection  for su scep 
tib le cats, th e n  FeLV te st-an d -rem o v a l 
p ro g ra m s  b a se d  o n  th e  IFA  te st w o u ld  
n o t b e  so  successful.

PUBLIC HEALTH ASPECTS OF FELV

T he p u b lic  h ea lth  sign ificance o f 
FeLV, p a rticu la rly  th e  q u es tio n  of 
oncogen ic  p o te n tia l fo r h u m a n  b eings, 
rem a in s  a  la rge ly  u n se ttle d  issue. 
S u rv ey s d e s ig n ed  to  d e te rm in e  th e  
p rev a len ce  o f c ircu la tin g  FeLV o r 
a n tib o d y  to  FeLV in  h u m a n  b e in g s 
h a v e  p ro d u c e d  conflicting  re su lts  ov er 
th e  years. M ost recen t su rv ey s  u s in g  
h ig h ly  specific te s tin g  m e th o d s  h av e  
failed  to  f in d  ev id en ce  of FeLV infec
tio n  in  h u m a n  beings, in c lu d in g  v e t
e rin a rian s  a n d  p a tie n ts  w ith  ly m p h o id  
a n d  o th e r  m alignancies. U n til a m o re  
co m p le te  u n d e rs ta n d in g  o f th e  pu b lic  
h ea lth  im p lica tions o f FeLV is ob 
ta in ed , it seem s p ru d e n t to  restric t 
h u m a n  ex p o su re  to  p ers is ten tly  
v irem ic (IFA -positive) cats w h e n  p o s
sible. It must be emphasized, however, 
that as of this writing there is no conclu
sive evidence that any human illness 
(including cancer) has ever been caused by 
a feline retrovirus.

IM M UNIZATION AGAINST FELV 
INFECTION

T he p ro ceed in g s  o f a n  in te rn a tio n a l 
co llo q u iu m  o n  im m u n iz a tio n  of cats 
a g a in s t FeLV w a s  p u b lish ed  in  th e  
Journal of the American Veterinary Medi
cal Association, N o v e m b e r  15,1991.
T he re a d e r  is re fe rred  to  v ario u s  
m a n u sc rip ts  w ith in  th a t pu b lica tio n  
fo r ad d itio n a l d e ta ils  o n  im m u n iz a 
tio n  ag a in s t FeLV.

T here  a re  severa l vaccines ava ilab le  
ro p ro tec t ca ts  ag a in s t FeLV infection. 
A ll c u rre n t vaccines a re  in ac tiv a ted  
w h o le -v iru s  vaccines, su b u n it vac
cines, o r  rec o m b in an t vaccines. C o m 
m erc ia l co m p an ie s  co n tin u e  to

im p ro v e  th e  efficacy o f th ese  vaccines. 
A ll vaccines re ly  o n  th e  sam e m ajo r 
p rin c ip le  for s tim u la tio n  of p ro tec tio n  
ag a in s t FeLV— th a t is, s tim u la tio n  of 
n eu tra liz in g  an tib o d ie s  d irec ted  
ag a in s t th e  gp70  g ly co p ro te in  located  
w ith in  th e  p ep lo m ers  o r sp ikes o n  th e  
su rface  of th e  v iru s  particles. T w o  
do ses o f vaccine a re  re q u ire d  fo r th e  
in itia l im m u n iz a tio n  o f  cats, generally  
a t n in e  a n d  tw e lv e  w eek s of age. 
Y early  b o o ste r  vacc ina tions a re  th e n  
re c o m m en d e d  fo r th e  life o f th e  cat. 
C o m b in a tio n  vaccines a re  a p p e a r in g  
o n  th e  m a rk e t co n ta in in g  a n  FeLV 
c o m p o n en t in  con junction  w ith  o n e  o r 
m o re  of th e  o th e r  im m u n o g e n s  ro u 
tin e ly  u se d  in  cats.

C o n s id erab le  co n tro v e rsy  h as  en 
su e d  o v er th e  y ears  con cern in g  th e  
re la tiv e  efficacy of o n e  FeLV vaccine 
v e rsu s  a n o th e r  vaccine. V ario u s re 
p o r ts  h a v e  su p p o r te d  th e  efficacy of 
o n e  vaccine o v e r  an o th er, a lth o u g h  
resea rch  in  d iffe ren t lab o ra to ries  u s in g  
d iffe ren t tech n iq u es m a k es  m a n y  of 
th e  co m p ara tiv e  s tu d ie s  d ifficu lt to  
in te rp re t. V ete rin arian s m u s t fam ilia r
ize th em se lv es w ith  th e  lite ra tu re  on  
th ese  vaccines a n d  th e n  d ec id e  w h ich  
vaccine w ill b e  u se d  w ith in  th e ir  
practice.

C o n s id erab le  resea rch  is b e in g  
d irec ted  a t v a rio u s  n o v e l FeLV vac
cines, in c lu d in g  v iru s-v ec to r vaccines 
in  w h ich  th e  gp70 g en e  is in se rted  in to  
a  ca rrie r  v iru s , su ch  as  vaccin ia v iru s , 
o th e r  po x v iru s , o r  feline h erp esv iru s . 
A n o th e r  FeLV vaccine, th e  im m u n e- 
s tim u la tin g  com plexes, o r  ISCOM 
vaccine, is u n d e r  in v estig a tio n  in  E u 
ro p e  a n d  h as  sh o w n  p ro m ise  in  early  
clinical trials.

SELECTED GENERAL REFERENCES

A ugust, J. R. 1991. Husbandry practices 
for cats infected w ith feline leukemia 
v im s or feline im m unodeficiency vim s.
J. Am . Vet. M ed. Assoc. 199:1474-77.

Barlough, J. E. 1991. A  special report to 
practitioners: Colloquium  on feline leuke
mia v im s and feline im m unodeficiency  
vim s. Feline Pract. 19(2):6-14.

Barr, M. C., P. P. Calle, M. E. Roelke, and
F. W. Scott. 1989. Feline im m unodefi
ciency v im s infection in nondom estic 
felids. J. Zoo Wildlife M ed. 20:265-72.

Charreyre, C., and N . C. Pedersen. 1991. 
Study of feline leukem ia v im s im munity.
J. Am. Vet. M ed. Assoc. 199:1316-24.

Clark, N ., N . N . Kushner, C. B. Barrett,
C. R. Kensil, D. Salsbury, and S. Cotter. 
1991. Efficacy and safety field trials of a 
recombinant D N A  vaccine against feline 
leukem ia v im s infection. J. Am. Vet. M ed. 
Assoc. 199:1433-43.

Cotter, S. M. 1991. M anagement of 
healthy feline leukemia vim s-positive  
cats. /. Am . Vet. M ed. Assoc. 199:1470-73.

Cotter, S. M. 1990. Feline leukem ia v im s  
infection. In Infectious D iseases o f  the Dog 
and Cat, edited by C. E. Greene, pp. 316- 
33. Philadelphia: W. B. Saunders.

Hardy, W. D., Jr. 1991. General principles 
of retrovirus im m unodetection tests.
]. Am . Vet. M ed. Assoc. 199:1282-87.

Hardy, W. D., Jr., and E. E. Zuckerman. 
1991. Ten-year study comparing enzym e- 
linked im m unosorbent assay w ith the 
im m unofluorescent antibody test for 
detection of feline leukem ia v im s infec
tion in cats. J. Am. Vet. M ed. Assoc. 
199:1365-73.

H awkins, E. C. 1991. Saliva and tear tests 
for feline leukem ia v im s. J. Am. Vet. M ed. 
Assoc. 199:1382-85.

Hawks, D. M., A. M. Legendre, and B. W. 
Rohrbach. 1991. Comparison of four test 
kits for feline leukem ia v im s antigen.
J. Am. Vet. M ed. Assoc. 199:1373-77.

Hawks, D. M., A. M. Legendre, B. W. 
Rohrbach, R. Sebring, L. Chavez, H.-J. 
Chu, and W. M. Acree. 1991. A ntibody  
response of kittens after vaccination fol
low ed by exposure to feline leukemia 
virus-infected cats. J. Am. Vet. M ed. Assoc. 
199:1463-69.

H oover, E. A., and J. I. Mullins. 1991. 
Feline leukem ia v im s infection and dis
eases. J. Am. Vet. M ed. Assoc. 199:1470-73.

Hoover„E. A., N . A. Perigo, S. L. 
Quackenbush, C. K. Mathiason-DuBard, J. 
M. Overbaugh, W. S. Kloetzer, J. H. Elder, 
and J. I. M ullins. 1991. Protection against 
feline leukem ia v im s infection by use of 
an inactivated v im s vaccine. /. Am . Vet. 
M ed. Assoc. 199:1392-1401.

Jacobson, R. H. 1991. H ow  w ell do  
serodiagnostic tests predict the infection 
or disease status of cats? J. Am. Vet. M ed. 
Assoc. 199:1343-47.



10

Jacobson, R. H., and N . A. Lopez. 1991. 
Comparative study of diagnostic testing 
for feline leukem ia virus infection. J. Am. 
Vet. M ed. Assoc. 199:1389-91.

Jarrett, O., A. M. Pacitti, M. J. Hosie, and
G. Reid. 1991. Comparison of diagnostic 
m ethods for feline leukem ia virus and 
feline im m unodeficiency virus. ]. Am. Vet. 
M ed. Assoc. 199:1362-64.

Kensil, C. R., C. Barrett, N . Kushner, G. 
Beltz, J. Storey, U. Patel, J. Recchia, A. 
Aubert, and D. Marciani. 1991. D evelop
ment of a genetically engineered vaccine 
against feline leukem ia virus infection. /. 
Am. Vet. M ed. Assoc. 199:1423-27.

Legendre, A. M., D. M. H aw ks, R.
Sebring, B. Rohrbach, L. Chavez, H.-J. 
Chu, and W. M. Acree. 1991. Comparison 
of the efficacy of three commercial feline 
leukem ia virus vaccines in a natural chal
lenge exposure. J. Am. Vet. M ed. Assoc. 
199:1456-62.

Loar, A. S. 1991. Feline leukem ia virus 
tests: evaluation and interpretation. In 
Consultations in Feline Internal M edicine,, 
edited by J. R. August, pp. 535-41. Phila
delphia: W. B. Saunders.

Lopez, N . A., R. H. Jacobson, J. M.
Scarlett, S. A. Center, J. F. Randolph, and
F. W. Scott. 1989. Sensitivity and specific
ity of blood test kits for feline leukemia 
virus antigen. ]. Am . Vet. M ed. Assoc. 
195:747-51.

Macy, D. W. 1989. M anagem ent of the 
FeLV-positive patient. In Current Veteri
nary Therapy X, edited by R. W. Kirk, pp. 
1069-76. Philadelphia: W. B. Saunders.

M ullins, J. I., E. A. H oover, J. Overbaugh,
S. L. Quackenbush, P. R. D onahue, and 
M. L. Poss. 1989. FeLV-FAIDS-induced 
im m unodeficiency syndrom e in cats. Vet. 
Im munol. Im munopathol. 21:25-37.

O'Connor, T. P., Jr., Q. J. Tonelli, and J. M. 
Scarlett. 1991. Report of the National 
FeLV/FIV A wareness Project. J. Am. Vet. 
M ed. Assoc. 199:1348-53.

Osterhaus, A. D. M. E., K. Weijer, K. H. J. 
Siebelink, G. F. Rim m elzwaan, and M. L. 
Bosch. 1991. Toward vaccination against 
feline leukem ia virus and feline im m uno
deficiency virus infections. ]. Am . Vet. 
M ed. Assoc. 199:1443-46.

Pedersen, N . C. 1991. Feline leukemia 
virus infection. In Feline H usbandry: D is
eases and M anagem ent in the M ultiple-Cat 
Environm ent, edited by N . C. Pedersen, 
pp. 210-22. Goleta, Calif.: American Vet
erinary Publications.

Pedersen, N . C., and J. E. Barlough. 1991. 
Clinical overview  of feline im m unodefi
ciency virus. J. Am . Vet. M ed. Assoc. 
199:1298-1305.

Rojko, J. L„ and W. D. Hardy, Jr. 1989. 
Feline leukem ia virus and other retro
viruses. In The Cat: D iseases and Clinical 
M anagem ent, edited by R. G. Sherding, pp. 
229-332. N ew  York: Churchill 
Livingstone.

Rojko, J. L., and G. J. Kociba. 1991. Patho
genesis of infection by the feline leukemia 
virus. ]. Am. Vet. M ed. Assoc. 199:1305-10.

Scarlett, J. M., and R. V. H. Pollock. 1991. 
Year tw o of follow -up evaluation of a 
random ized, blind field trial of a comm er
cial feline leukem ia virus vaccine. J. Am. 
Vet. M ed. Assoc. 199:1431-32.

Scott, F. W., B. Hancock, W. D. Hardy, Jr., 
E. A. Hoover, M. C. Horzinek, R. H. 
Jacobson, N . C. Pedersen, and J. E. Saidla.
1991. Panel report on the Colloquium  on 
Feline Leukemia V irus/Feline Im m unod
eficiency Virus: Tests and Vaccination.
J. Am. Vet. M ed. Assoc. 199:1273-78.

Sebring, R. W., H.-J. Chu, L. G. Chavez,
D. S. Sandblom, D. R. Hustead, B. Dale,
D. Wolf, and W. M. Acree. 1991. Feline 
leukem ia virus vaccine developm ent.
J. Am . Vet. M ed. Assoc. 199:1413-19.

Tizard, 1 .1991. U se of im m unom odulators 
as an aid to clinical m anagem ent of feline 
leukem ia virus-infected cats. ]. Am. Vet. 
M ed. Assoc. 199:1482-85.

Tizard, I., and E. P. Bass. 1991. Evaluation 
of a killed, w hole virion feline leukemia 
virus vaccine. J. Am. Vet. M ed. Assoc. 
199:1410-13.

Tompkins, M. B., P. D. N elson, R. V. En
glish, and C. N ovotney. 1991. Early events 
in the im m unopathogenesis of feline 
retrovirus infections. J. Am . Vet. M ed. 
Assoc. 199:1311-15.

Tonelli, Q. J. 1991. Enzyme-linked  
im m unosorbent assay m ethods for detec
tion of feline leukem ia virus and feline 
im m unodeficiency virus. /. Am. Vet. M ed. 
Assoc. 199:1336-39.

W eiss, R. C., J. M. Cum m ins, and A. B. 
Richards. 1991. Low-dose orally adm inis
tered alpha interferon treatment for feline 
leukem ia virus infection. J. Am . Vet. M ed. 
Assoc. 199:1477-81.

York, S. M., and C. J. York. 1991. D evelop
m ent of a w hole killed feline leukemia 
virus vaccine. J. Am . Vet. M ed. Assoc. 
199:1419-22.

About 
the Cornell Feline 
Health Center
The ultimate purpose of the Cornell 
Feline Health Center is to improve the 
health of cats by developing methods 
to prevent or cure feline diseases and 
by providing continuing education to 
veterinarians and cat owners. The 
Cornell Feline Health Center is a 
nonprofit organization supported 
primarily by private contributions. 
Correspondence may be directed to:

Cornell Feline Health Center 
Cornell University 
College of Veterinary Medicine 
Ithaca, NY 14853-6401

Printed on recycled paper. 0
Cornell University is an equal-opportunity, 
affirmative-action educator and employer.

Office of Publications Services 
293 30M U

©  1993 by Cornell University.
All rights reserved.


