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ABSTRACT

A 3-year-old neu te red male do mes tic cat was pre sen ted with anor exia and weight loss. Cli ni cal exa mi na ti on

also re ve a led fe ver and pale mu co sae. The blood sme ar sho wed an ab nor mal pre sen ce of both erythro cy tic and

leu ko cy tic pre cur sors in the cir cu la ti on. The cat also te sted po si ti ve for fe li ne leu ke mia vi rus (FeLV). Due to the

poor prog no sis, the cat was eu tha ni zed and pre sen ted for au top sy. Bone mar row sme ars also re ve a led the pre -

sen ce of im ma tu re erythro cy tic and leu ko cy tic cells. This fin dings cor res pon ded well with erythro leu ke mia, an

un com mon form of leu ke mia. 

SAMENVATTING

Een 3 jaar oude, ge cas treer de huis kat werd aang ebo den met anor exie en ver ma ge ring. Bij het kli nisch on der zoek

wer den koorts en ble ke mu co sae waar ge no men. Het bloed uit strijk je toon de een ab nor ma le aan we zig heid van erythro -

cy tai re en leu ko cy tai re pre cur sors in de al ge me ne cir cu la tie. De test voor het fe lie ne leu ke mie vi rus (FeLV) was po si tief.

Omwil le van de slech te prog no se werd de kat ge ëuthanaseerd en aang ebo den voor au top sie. Een been mer guit strijk je

toon de ook im ma tu re erythro cy tai re en leu ko cy tai re cel len aan. Deze be vin ding en wij zen sterk op erythro leu ke mie, een 

zeld za me vorm van leu ke mie. 

INTRODUCTION

Erythro leu ke mia, as the name im plies, is a leu ke mia

of both red and whi te cell li ne a ges. Both erythro cy tic and

leu ko cy tic pre cur sors are pre sent in the cir cu la ti on (Har -

vey et al., 1978; Har vey, 1981; Re a gan et al., 1998;

Smith et al., 2003). A key fe a tu re that dis ting uis hes acu te

erythro leu ke mia from ot her ty pes of acu te leu ke mia is

that the erythroid pre cur sors com pri se more than 50% of

nu cle a ted bone mar row cells with a my e loid/erythroid

ra tio of less than one. Pro mi nent me ga lo blas tic or aty pi -

cal erythroid pre cur sors are com mon. My e lo blasts and

mo no blasts are < 30% of all nu cle a ted cells in the bone

mar row (Grin dem, 2000). Erythro leu ke mia and erythre -

mic my e lo sis are con si de red dif fe rent ma ni fes ta ti ons of

the same illness. In erythre mic my e lo sis the re is a pre do -

mi nan ce of im ma tu re erythroid cells in pe rip he ral blood,

which can pro gress to a mix tu re of ne oplas tic my e loid

and erythroid cells in the pe rip he ral blood in acu te

erythro leu ke mia (Jain, 1986; Har vey, 1981).  In fact the

dis tinc ti on is most ly ar bi tra ry and is ba sed on the fin ding

of my e lo blasts ad mixed with ab nor mal nu cle a ted ery -

thro cy tes in pe rip he ral blood (Jain, 1993). Ho we ver,

erythre mic my e lo sis has his to ri cal ly been clas si fied as a

leu ke mia of the erythro cy tic li ne a ge. This dis or der has

re cent ly been re na med as eit her my e lo dys plas tic syn dro me

with erythroid pre do mi nan ce or erythro leu ke mia with ery -

throid pre do mi nan ce (Re a gan et al., 1998).

De scrip ti ve case re ports of erythro leu ke mia are very

li mi ted in the li te ra tu re. Herz and ot hers (1969a, 1969b)

des cri bed a case with suc ces si ve sta ges of my e lopro li fe -

ra ti ve dis or ders, in clu ding erythro leu ke mia. Shi ma da

and ot hers (1995) des cri bed erythro leu ke mia in two cats

in the same hou se hold. Co maz zi and ot hers (2000) des -

cri bed a case of erythre mic my e lo sis. Ho we ver, va ri ous

forms of he ma to lo gic ap pe a ran ces of my e lopro li fe ra ti ve

dis e a se in the cat have been des cri bed, each with a spe ci -

fic ter mi no lo gy. No wa days he ma to lo gists pre fer sim ply

to use the term “erythro leu ke mia” to en com pass the va ri ous

forms of this dis e a se, as in hu mans (Har vey et al., 1978).

The pre sent re port is a de scrip ti on of an erythro leu ke mia

case via he ma to lo gy, bi oche mis try, se ro lo gy, cy to lo gy,

au top sy and his top atho lo gy. 
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CASE REPORT

Case his to ry

A 3-year-old neu te red male do mes tic cat (Fe lis vul ga -

ris), which li ved in doors as well as out doors, was pre sen -

ted with signs of anor exia and weight loss, which had

star ted 2 weeks be fo re and were the re a son for the con sul -

ta ti on. The cat had been vac ci na ted an nu al ly against fe li ne

pan leu ko pe nia and rhi not rachei tis (Fe lo cell 3 ®, Phi zer). 

The re was no his to ry of pre vi ous illnes ses or tra vel his to -

ry. Cli ni cal exa mi na ti on also re ve a led fe ver and pale mu -

co sae. Blood (clot ted, EDTA and flu o ri de tube) was col -

ec ted for he ma to lo gy and ex ten ded ge ne ral, li ver and

kid ney scree ning. Fe li ne leu ke mia vi rus (FeLV), fe li ne

im mu no de fi cien cy vi rus (FIV) and fe li ne in fec ti ous pe ri -

to ni tis (FIP) ra pid tests were also re que sted. Me an whi le

the cat was tre a ted with an ti bi o tics and cor ti cos te roids.

The re was a mild to mo de ra te res pon se to this tre at ment,

i.e. weight gain and re turn of ap pe ti te. Be cau se the FeLV

test was po si ti ve and the con di ti on of the cat de te ri o ra ted

one week af ter pre sen ta ti on, eu tha na sia was re que sted. 

He ma to lo gy, bi oche mis try and in fec ti ous se ro lo gy

The re sults of he ma to lo gy, bi oche mis try and in fec ti ous

se ro lo gy can be found in Ta ble 1. The re was leu ko cy to -

sis, mild non-re ge ne ra ti ve ane mia, mild hy per gly ce mia,

hy per gam mag lo bu li ne mia, slightly in cre a sed le vels of

cre a ti nin, and mar ked ly in cre a sed le vels of AST, ALT

and (to tal) bi li ru bin. 

The Bio Vet Test Speed® Duo FeLV / FIV and the Speed®

FIP are ra pid im mu nochro ma tog rap hic tests for the de -

tec ti on of FeLV an ti gen, FIV an ti bo dy and FIP (fe li ne co -

ro na vi rus) an ti bo dy, res pec ti ve ly, in fe li ne blood. 

The prin ci ple of the tests is as fol lows: as the sam ple

(who le blood, se rum or plas ma) flows through the ab sor -

bent pad, the la bel led FeLV an ti bo dy-dye con ju ga te

binds to any P27 FeLV an ti gen pre sent; the la be led syn -

the tic FIV pep ti de (GP40) dye con ju ga te binds to any

FIV an ti bo dies pre sent; and the la be led an ti gen dye con -

ju ga te (a uni que re com bi nant pro tein spe ci fic to co ro na -

vi rus) binds to the FIV/fe li ne co ro na vi rus an ti bo dies.

The an ti gen/an ti bo dy com plexes move by ca pil la ry ac ti on

along the path and are cap tu red wit hin the test re gi ons of

each de vi ce, which are in di ca ted by a pink line in tho se

are as.

Cy to lo gy 

The blood sme ar (Mo di fied Wright stain, Sig ma Al -

drich) sho wed an ab nor mal pre sen ce of both erythro cy tic 

and leu ko cy tic pre cur sors in the cir cu la ti on, such as

proru bri cy tes, ru bri cy tes, me ta ru bri cy tes and pro my e lo -

cy tes (Fi gu re 1), cha rac te ri zed by a mar ked ani so cy to sis.

The bone mar row (Mo di fied Wright stain) was very

cel lu lar and cha rac te ri zed by the pre sen ce of a po pu la ti on 

of lar ge im ma tu re cells. The im ma tu re cells with in ten se ly

stai ning cy to plasm re sem bled erythroid pre cur sors. The

blasts with the pale stai ning cy to plasm ap pe a red to be pro -

my e lo cy tes (Fi gu re 2). The ma tu ra ti on of the erythroid and

my e loid forms was ab nor mal, me a ning that ap propri a te

num bers of cells in va ri ous sta ges of ma tu ra ti on were ab -

sent. The per cen ta ge of erythroid pre cur sors was 57% of the 

nu cle a ted bone mar row cells, with a my e loid/ erythroid

ra tio of 0.85.

Au top sy

At au top sy, a pale (ane mic) as pect of the car cass, an

en lar ged, pale and thic ke ned spleen, and an en lar ged,

pale co lo red li ver were no ti ced. No ab nor ma li ties were

ob ser ved in ot her or gan sys tems. Sam ples of the li ver,

spleen, and bone mar row were col lec ted for his top atho -

lo gy. 

His top atho lo gy

His top atho lo gy (He ma toxy lin-eo sin) of the li ver re -

ve a led mo de ra te to se ve re cen tro lo bu lar to mid zo nal va -

cu o lar de ge ne ra ti on, mar ked cen tro lo bu lar fi bro sis and

dif fu se ly spre ad foci of ex tra me dul la ry he ma to poi e sis

(Fi gu re 3). The spleen sho wed a loss of nor mal ar chi tec -

tu re and a mas si ve pro li fe ra ti on of blood cells, es pe ci al ly

erythroid cells (ex tra me dul la ry he ma to poi e sis).

Accor ding to the he ma to lo gi cal (erythro cy tic and leu -

kocy tic pre cur sors in cir cu la ti on, non re ge ne ra ti ve ane mia)

and bone mar row (ab nor mal ma tu ra ti on of erythroid and

my e loid cells) cy to lo gi cal fin dings, to ge ther with the ot her

data (such as case his to ry, FeLV po si ti ve), the most li ke ly

dia g no sis was erythro leu ke mia.

DISCUSSION

As in hu mans, the he ma to lo gic ap pe a ran ce of cats with

erythro leu ke mia may change with time (Har vey, 1981).

Da mes hek (1965) and Har vey (1981) stres sed the exis -

ten ce of three suc ces si ve sta ges of my e lopro li fe ra ti ve

dis or ders in cats, ini ti al ly in vol ving the erythro cy tic se -

ries and la ter the gra nu lo cy tic pre cur sors, as fol lows: (1)

a pe ri od of erythre mic my e lo sis cha rac te ri zed by stri king

erythroid hy per pla sia of the bone mar row; (2) a sta ge of

mixed erythroid and my e loid pro li fe ra ti on, na me ly ery -

thro leu ke mia, and (3) the even tu al ter mi na ti on of some

ca ses in my e lo blas tic leu ke mia. Each pha se is ge ne ral ly
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Ta ble 1. Re sults of he ma to lo gy, bi oche mis try and se ro lo gy.

He ma to lo gy Re fe ren ce va lu es

Erythro cy tes 5.14 x 1012/l 5.5 – 10.0 -

Leu ko cy tes 37.6 x 109/l 5.5 – 15.5 +

%ban ded neu tro 0 0 – 7

%seg men ted neu tro 3 42 – 73

%lymp ho 34 14 – 52

%aty pi cal lymp ho 62

%mono 1 0 – 4.0

%eos 0 2 – 6

%baso 0 0 – 0.7

%nu cle a ted red cells 28

He mog lo bin 3.9 mmol/l 5.4 – 9.9 -

He ma to crit 207.0 ml/l 260 – 460 -

MCV 40 fl 40 – 55

MCH 7 fmol 8.00 – 10.6 -

MCHC 19 mmol/l 18.6 – 23.6

%RETIC 0.52 % <1

#RETIC 27.0 x 109/l 15.0 – 81.0

Pla te lets 159 x 103/µl 190 – 430

Bi oche mis try

Glu co se (fas ting) 6.9 mmol/l 3.50 – 6.00 +

To tal pro teins 84.0 g/l 55.0 – 85.0

PR. elec tro for. alb 51.0 % 45.0 – 60.0

Al fa1 3.1 % 3.0 – 7.0

Al fa2 13.7 % 6.0 – 15.0

Beta 10.8 % 10.0 – 20.0

Gam ma 21.4 % 8.0 – 18.0 +

Albu min 37.8 g/l 31 – 40

Ureum 7.3 mmol/l 5.9 – 12.50

Cre a ti nin 133.48 µmol/l 70 – 130 +

ALT (GOT) 365 U/l < 60 +

ALT (GPT) 132 U/l 37 – 75 +

Bi li ru bin to tal 8.89 µmol/l 2.50 – 3.50 +

Bi li ru bin di rect < 0.51 µmol/l 1.50 – 2.50

gam maGT < 2 U/l 0 – 8

Alc. Phosph. 7 U/l 10 – 50

Bile acids 9 µmol/l < 20

Amy la se 884 U/l 260 – 1040

Li pa se 24 U/l < 250

Cho les te rol 2.9 mmol/l 1.80 – 3.90

So di um 155 mmol/l 146 – 158

Po tas si um 4.1 mmol/l 3.40 – 5.20

Chlo ri de 110 mmol/l 105 – 112

Cal ci um 2.7 mmol/l 1.80 – 3.00

Phosp ho rous 1.6 mmol/l 1.10 – 1.60

Infec ti ous se ro lo gy

FeLV Po si ti ve Bio Veto Test
Speed® Duo
FeLV-FIV
(Fran ce)

FIV Ne ga ti ve

FIP Ne ga ti ve



ob ser ved for a few weeks or a few months. My e lo blasts

are ge ne ral ly pre sent in low num bers, even in sta ges of

the dis e a se when ab nor mal erythroid cells pre do mi na te.

If the pa tient does not die or is not eu tha ni zed, im ma tu re

my e loid cells tend to in cre a se in num bers un til the re is a

clear mix tu re of ne oplas tic my e loid and erythroid cells.

Fi nal ly, some ca ses may pro gress to the ap pe a ran ce of a

“pure” gra nu lo cy tic leu ke mia (Har vey, 1981). Ho we ver,

it is not known how con sis tent ly in di vi du al ca ses of

erythro leu ke mia in ani mals fol low the cour se out li ned

abo ve (Har vey, 1981). It is be lie ved that the pre sent case

sho wed a mixed erythroid and my e loid pro li fe ra ti on and

can the re fo re be di ag no sed as erythro leu ke mia. The cat

was eu tha ni zed be fo re the dis or der could de ve lop into

anot her sta ge.

This type of leu ke mia al most al ways oc curs in FeLV

po si ti ve cats (Gas kell and Ben nett). The pre sent case and

all re ports of erythro leu ke mia in the li te ra tu re te sted

FeLV po si ti ve. This is a con di ti on that pri ma ri ly af fects

cats in fec ted with FeLV sub group C, a mu ta ti on of the in -

fec ti ve form of the vi rus, i.e. type A (Gas kell and Ben nett, 

1996). FeLV-C is the le ast com mon sub ty pe en coun te red

(Gas kell and Ben nett, 1996) and is more pa tho ge nic than

FeLV-A (Ram sey and Ten nant, 2001).

Fe li ne leu ke mia vi rus (FeLV) can cau se ne opla sia of

lymp hoid or my e loid tis sue, alt hough the most com mon

he mo poi e tic ma lig nan cy in the cat is lymp ho sar co ma,

which ac counts for 90% of the he mo poi e tic tu mors and

around one-third of all fe li ne ne opla sia. Most ca ses of

lymp ho sar co ma in the cat are as so ci a ted with FeLV

(Gas kell and Ben nett, 1996). Ho we ver, fe li ne lymp ho ma 

has his to ri cal ly been as so ci a ted with FeLV in fec ti on. No wa -

days the re is a sig ni fi cant de cre a se in the im por tan ce of

FeLV-as so ci a ted ty pes of lymp ho ma in cats due to mass

tes ting and vac ci na ti on pro grams (Lou we rens et al., 2005).

The symp toms most com mon ly no ti ced are pro gres si ve

ane mia, in ter mit tent py rexia and weight loss (Jain, 1993).

The ab nor mal va lu es of the red blood cell count may be

due to a de fi cient for ma ti on of new ma tu re red blood cells 

and an in cre a sed pro duc ti on of im ma tu re red blood cells

and erythroid pre cur sors. The ab nor mal whi te blood cell

count and for mu la is a con se quen ce of the ne oplas tic

chang es in the bone mar row, which pro du ce and re le a se

im ma tu re blood cells into the cir cu la ti on. The slight hy -

per gly ce mia may have been due to ex ci ta ti on pri or to the

blood sam pling. The hy per glo bu li ne mia can be ex plai ned

by the ne oplas tic change of the whi te blood cells. The

high AST, ALT and bi li ru bin (to tal) le vels are due to li ver

cell ne cro sis (cen tro lo bu lar and mid zo nal de ge ne ra ti on

and the in fil tra ti ve ne oplas tic leu ce mic in tra- he pa tic me -

ta sta ses). The pre sen ce of ne oplas tic chang es in the bone
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Fi gu re 1. Mi crop ho to graph of blood sme ar with an ab nor -
mal pre sen ce of both erythro cy tic and leu ko cy tic pre cur -
sors in the cir cu la ti on, such as lar ge im ma tu re cells,
pro ba bly ear ly gra nu lo cy tic pre cur sors (1), me ta ru bri cy -
tes (2) and nu cle a ted red blood cells (3) (Mo di fied Wright
stain – ob jec ti ve 100x).

Fi gu re 2. Mi crop ho to graph of bone mar row. No ti ce a lar ge
po pu la ti on of lar ge im ma tu re cells. The im ma tu re cells with
in ten se ly blue stai ning cy to plasm (+) re sem ble erythroid
pre cur sors. The blasts with the pale blue stai ning cy to -
plasm (*) ap pe ar to be pro my e lo cy tes (Mo di fied Wright
stain).

Fi gu re 3. Mi crop ho to graph of li ver sho wing a fo cus of ex tra -
me dul la ry he ma to poi e sis with me ga ka ry o cy tes (ar rows)
(HE stai ning – ob jec ti ve 40x).



mar row re sults in re le a se of ne oplas tic im ma tu re

erythroid and my e loid cells into the cir cu la ti on and blood 

sme ar. On his top atho lo gy, the cen tro lo bu lar and mid zo -

nal are as of the li ver lo bu li are the most sen si ti ve to

noxes, re sul ting in de ge ne ra ti on and fi bro sis (in chro nic

ca ses). In both the li ver and the spleen, the re were me ta -

sta tic foci of ne oplas tic ex tra me dul la ry he ma to poi e sis.

The pri ma ry le si on is in bone mar row, with pos si ble se -

con da ry le si ons in li ver, spleen and lymph no des (Gas -

kell and Ben nett, 1996), as was also de mon stra ted in the

pre sent case in the li ver and spleen. 

The di ag no sis of erythro leu ke mia is usu al ly made by

bi op sy fin dings in bone mar row and he ma to lo gy. The he -

ma to lo gi cal and bone mar row cy to lo gi cal fin dings of the

pre sent case were si mi lar to tho se des cri bed by Per man et

al. (1979).

At this time, the re is no cure for erythro leu ke mia and

the long-term prog no sis is gra ve (Wellman and Ra din,

1999). 

In con clu si on, the most com mon tu mor as so ci a ted with

FeLV in fec ti on is lymp ho ma/lymp ho sar co ma (Ram sey

and Ten nant, 2001). Occa si o nal ly, FeLV in fec ti on is as -

so ci a ted with leu ke mia, such as erythro leu ke mia as in the 

pre sent case.
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