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Summary &horbar; Twelve 8-12-week-otd specific-pathogen-free (SPF) cats were inoculated intraperitoneally
with feline immunodeficiency virus, or with blood from inoculated cats. Three cats of the same age were
used as controls. All animals were sacrificed 10 weeks after inoculation. The inoculated cats sero-
converted between the 3rd and 6th weeks after inoculation. For 6 infected cats, a decrease in the
CD4/CD8 lymphocyte ratio was observed as early as the 6th to the 10th week after inoculation. Gra-
nular lymphocytes and atypical cells with cytoplasmic vacuoles and very irregular nuclei were ob-
served in the blood from the 1 st to the 1 Oth weeks after inoculation. The only statistically significant dif-
ferences were obtained 10 weeks after inoculation. Mean leucocyte and lymphocyte numbers were
decreased (8 000 and 3 200 per wl respectively compared with 14 500 and 7 200 per III before inocu-
lation). The mean CD4/CD8 ratio was also decreased (from 2.60 to 1.50). The percentage of lym-
phocytes in the bone marrow was increased, reaching 34% as a mean for infected cats as opposed to
20% for control animals. The atypical cells found in the blood were not observed in the marrow. The ster-
nebral bone marrow did not contain lymphoid follicles, as described for HIV infection. Severe follicular
hyperplasia was only found in the lymph nodes, but no viral particles could be observed in them.

cat / feline immunodeficiency virus (FIV) / primary stage / experimental infection / haemato-
logy

Résumé &horbar; Étude hématologique et histopathologique de l’infection expérimentale par le virus
de l’immunodéficience féline (FIV) du chat exempt d’organismes pathogènes spécifiques
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(EOPS). Douze chats EOPS âgés de 8 à 12 sem ont été inoculés par voie intrapéritonéale avec du virus
de lïmmunodéficience féline ou du sang provenant d’animaux infectés ; 3 chats du même âge ont
été conservés comme témoins. Ces animaux ont été sacrifiés 10 sem après l’inoculation. Les chats ino-
culés sont devenus séropositifs entre la 39 et la 6e semaine suivant l’inoculation. Pour 6 chats infec-
tés, nous avons observé une diminution du rapport CD4/CDB, entre les 6e et 10a semaines après
inoculation. Des lymphocytes granuleux et des cellules atypiques à noyau très irrégulier et des vacuoles
cytoplasmiques ont été retrouvés dans le sang de la 1r9 semaine à la 10B semaine après inoculation.
Les seules anomalies statistiquement significatives ont été observées à la 10B semaine après inocu-
lation ; les chiffres moyens des leucocytes et des lymphocytes étaient diminués, atteignant respecti-
vement 8 000 et 3 200111 en comparaison de 14 000 et 7 200e 1 avant inoculation ; le rapport CD41CD8
était également diminué passant de 2,6 à 1,5. Le pourcentage des lymphocytes dans la moelle osseuse
était augmenté, à 34% en moyenne pour les animaux inoculés, alors qu’il atteignait 20% chez les
chats témoins. Les cellules atypiques du sang n’ont pas été retrouvées au niveau de la moelle osseuse.
La moelle osseuse stemèbrale ne contenait pas de follicules analogues à ceux décrits dans l’infection
par le VIH. En revanche, les noeuds lymphatiques présentaient une hyperplasie folliculaire mais il n’a
pas été possible de mettre en évidence des particules virales.

chat / virus de l’immunodéficience féline (FIV) / infection expérimentale / stade précoce de
l’infection lhématologie

INTRODUCTION

Feline immunodeficiency virus (FIV), initially
called feline T-lymphotropic virus (FTLV),
were first isolated in the USA (Pedersen et
al, 1987), and has a worldwide distribution.
FIV, like HIV (the aetiological agent of AIDS)
belongs to the sub-family Lentivirinae in the
family Retroviridae.

Seroepidemiological studies have shown
that the prevalence of infection in France
was 13% in healthy cats and 36% in sick
animals (Moraillon, 1989).

The primary phase of infection was iden-
tified after animal inoculation, and is cha-
racterized by fever, leukopenia due to neu-
tropenia, and sometimes by anemia. These
symptoms persist for 4&horbar;9 weeks (Pedersen
et al, 1987; Yamamoto et al, 1988, 1989;
Shelton et al, 1989, 1990a). Similar obser-
vations were made for HIV infection in man

(Spivak et al, 1984; Murphy et al, 1987; Zon
et al, 1987; Oksenhendler, 1989; Vain-
chenker etal, 1989).

A generalized lymphadenopathy similar
to the human AIDS-related complex (ARC)

occurs during the initial stage of FIV infection
and persists from 2 to 9 months after ino-
culation (Yamamoto et al, 1988). We
recently reported that the CD8 cells were
increased in number in the follicles of in-
fected animals but the distribution of CD4

lymphocytes resembled that observed in
control lymph nodes (Parodi et al, 1994).

The purpose of this work was to deter-
mine the early haematological changes and
histological alterations of lymph nodes in
cats experimentally infected with FIV.

MATERIALS AND METHODS

Animals and experimental design

Fifteen 8-12-week-old specific pathogen free
(SPF) domestic short-hair cats, both male and
female, were studied. These animals were obtai-
ned from IFFA Credo (Les Oncins, France) and
Charles River SA (Saint-Aubin-les-Elbeuf,
France).

A total of 12 cats were inoculated, as 2 series
of 6 animals (A and B); 3 others were used as
controls. In each series 1 cat received intraperi-



toneal inoculations of 2 ml supernatant (reverse
transcriptase activity: 50 000 cpm/ml from an FIV
culture of a Zurich isolate obtained from H Lutz

(Morikawa et al, 1991)). At 6-week intervals a fur-
ther cat received a 0.7 ml intraperitoneal infec-
tion of heparinised blood from the preceding ani-
mal (A1 ->A2->A3->A4->A5->A6) and

(B1->B2->B3-->B4->B5->B6).
Jugular venous blood was collected in EDTA

and heparin just prior to inoculation, and 3 or 4, 6
and 10 weeks after inoculation. Complete clini-
cal examination was performed before each sam-
pling. Each sample underwent a complete blood
count, a CD4-CD8 lymphocyte differential count
and serological tests.

Haematological tests

Erythrocyte, leukocyte and direct platelet counts,
haemoglobin concentration and haematocrits
were determined with an ABX counter (MINOS
ST). A leukocyte differential count was determined
for each sample after staining with the May-Grün-
wald-Giemsa stain.

Serological tests

A serological examination was performed weekly
by using a commercial ELISA kit (Petchek, Idexx
Portland, USA), with entire virus (Petaluma strain)
(Pedersen et al, 1987) as antigen. After incubation
of the serum sample, bound antibodies were
detected with an anti-cat IgG serum conjugated
with peroxidase.

Measurement of CD4+ and CD8+

lymphocyte subsets by flow cytometry

The CD4+ and CD8+ lymphocytes were measu-
red according to Pedersen et al (1990). Briefly
600 000 to 1 000 000 lymphocytes, isolated on
ficoll hypaque (Pharmacia), were placed in each
of a 96-well sterile plate (Titertek, Flow, France).
The primary antibody used was either an anti-
CD4 or anti-CD8 mouse monoclonal antibody
(Ackley et al, 1989; Klotz et al, 1986) (Immuno-
chemicals, Clinisciences, France) and the secon-
dary antibody was a goat anti-mouse IgG labelled

with fluorescein isothiocyanate (GAM/FITC, Nor-
dic-Tebu SA, France) used at a 1:50 dilution. The
cells were washed extensively in Hanks’ solution
and fluorescence analysis was carried out with
a Profile II flow cytometer (Coultronics, France) at
488 nm excitation with a laser power at 15 mW. A
525-nm bandpass filter was used for FITC fluo-
rescence. Scatter gates were set to minimize
analysis of debris. Fluorescence signals were
processed by using a log amplifier with a 4-log-
scale representation. Results were expressed as
mean fluorescence intensity (MFI) converted to a
linear value. The linearity of the fluorescence
measurement was checked using calibrated fluo-
rescent beads.

Histopathology

All cats were sacrified 10 weeks after inocula-
tion.

A bone marrow puncture of the iliac crest was
performed under general anaesthesia just before
death. The marrow collected was then smeared
on several slides, dried and stained with
May-Grunwald-Giemsa stain. Samples were
also obtained from the prescapular, submaxillary
and popliteal lymph nodes for transmission elec-
tron microscopy.

For electron microscopy studies, lymph nodes
were cut into 2-mm-thick cubes and fixed in Kar-

novsky’s liquid (Karnovsky, 1985) at 4°C. After
postfixation in 1% osmium tetroxide, samples
were embedded in epoxy resin. Semithin sec-
tions of the embedded specimens were first pre-
pared in order to locate the germinal centers; the
sections were stained with toluidine blue. Ultrathin
sections, cut with an ultramicrotome, were then
stained from the selected regions, mounted on
200 mesh grids, stained with uranyl acetate and
lead citrate, and then examined by electron micro-
scopy.

For histological studies, prescapular, sub-
maxillary, popliteal, iliac and mesenteric lymph
nodes, were fixed in Bouin’s fluid or frozen in
liquid nitrogen. A piece of sternebra was fixed in
10% formalin and decalcified for 24 in 25% formic
acid. All fixed samples were finally embedded in
paraffin and cut into 4-um-thick slices and stai-
ned with Hematoxylin-Eosin-Safran (HES) and
Giemsa (Lennert, 1978).

Staining of the CD4+ and CD8+ lymphocytes
was done on frozen specimens, sectioned in a



cryostat at 4 pm and stained by avidin biotin per-
oxidase (Peroxidase Universal Kit, Immunotech
SA, France) using the same mouse anti-feline
CD4+ and CD8+ (immunochemicals, Clini-
sciences, France) monoclonal antibodies as pre-
viously described.

Statistical analysis

Using Student’s ttest on paired series (Schwartz,
1983), we compared mean numbers observed
at weeks 0 and 10 for leukocytes, erythrocytes,
thrombocytes, polynuclear neutrophils and lym-
phocytes for all 12 cats, and the CD4/CD8 ratio for
6 cats.

RESULTS

Clinical signs

Clinical examinations were carried out the

day of inoculation and subsequently on the
3rd, 4th, 6th, and 10 th weeks after inocu-
lation.

Lymph node enlargement (prescapular,
popliteal, submaxillary) appeared between
the 4th and the 6th weeks for the first 3 cats
in each series of inoculations and persis-
ted until death. One cat (B2) also developed
tonsillitis, conjunctivitis and an ulcer of the
hard palate. The other cats did not deve-
lop enlarged lymph nodes. No diarrhoea,
fever or behavioural changes were obser-
ved.

Serological alterations

Seroconversion was demonstrated in all

experimentally inoculated cats. FIV speci-
fic antibodies appeared between the 3rd
and 6th weeks after inoculation (table I),
and all animals remained positive in all sub-
sequent tests.

Haematological changes

The complete blood counts on weeks 0, 3 or
4, 6 and 10 showed changes in the num-
bers of leucocytes, erythrocytes and plate-
lets. A significant decrease was only ob-
served in mean leukocyte counts (p = 0.05)
and lymphocytes (p = 0.02) at week 10 0
(table II).

Leucocyte changes

Neutropenia developed in 4 cats. In one of
them (A2) it developed at 10 weeks. In 3
others (A4, A5 and B5) it developed earlier,
at 4 or 6 weeks and was transitory, being
absent at the subsequent examination, 2 or
4 weeks later. The neutropenia (322, 2 300
and 1 974/mm3) was occasionally associa-
ted with leucopenia (1 400, 5 000 and
4 200/mm3).





One of the cats with transitory neutro-
penia (A5) also developed lymphopenia at
10 weeks after inoculation. Lymphopenia
was seen in another cat (A1) at 10 weeks
and as a transitory feature at 4 weeks after
inoculation in cat B2. In cat A4 lymphopenia
also developed after 4 weeks and persisted
until death.

Erythrocyte abnormalities

One case (cat A4) of regenerative normo-
chromic normocytic anaemia was observed
in the 10th week after inoculation.

Platelet abnormalities

Cat B4 developed transitory thrombocyto-
penia at the 4th week. Cats A4, A5, A6 and
B6 developed thrombocytopenia at the 6th
week and 10th week.

Abnormal cells

Smears from the 1 st week to the 10th week
after inoculation revealed the presence of
various abnormal lymphoid cells involving
atypical lymphoid cells, lymphoblasts, lym-
phocytes with basophilic cytoplasm and gra-
nular lymphocytes (fig 1 The atypical lym-

phoid cells (fig 1 a, b) were large (15-18 8 pm)
with an irregular and sometimes notched
nucleus. The not very dense chromatin was

very heterogeneous. A juxtanuclear archo-
plasm was usually observed. The cytoplasm
was basophilic and often vacuolated. The
lymphoblasts were constituted of large cells
(12-18 !m) with a basophilic cytoplasm and
smooth chromatin, characteristics of relati-
vely immature lymphocytes. Lymphocytes
with basophilic cytoplasm were also found
as small mature lymphocytes (10-12 pm)
with a basophilic cytoplasm. Granular lym-
phocytes (fig 1 c) were mature cells on ave-
rage 10-12 2 pm with a round or sometimes

slightly notched nucleus. The cytoplasm
contained a few azurophilic granules.

Measurement of CD4 and CD8

lymphocyte subsets

There was some difficulty in detecting the
different lymphocytic population in cats,
mainly due to the heavy contamination by
platelets. Nevertheless, CD4 and CD8 lym-
phocyte subpopulations could be distin-
guished (table 111). Results were first ex-
pressed as ratios: for the 4 cats tested at
week 6, the CD4/CD8 ratio was significantly
(p = 0.05) decreased reaching a mean of





1.263 as compared with 2.64 before infec-
tion. Similarly, the 6 animals tested at week
10 had a CD4/CD8 ratio decreased to 1.50

(p = 0.01 When absolute numbers of CD4
lymphocytes were calculated, only one ani-
mal (B5) had a marked decreased number
at week 6, but 5 of the 6 animals tested at
week 10 had a number less than 1 000 CD4
cell/mm3. The only significant variations at
the 5% error level were for leukocyte and
lymphocyte counts and for the CD4/CD8
ratio.

Bone marrow cytology

Bone marrow from all animals was exam-
ined at week 10 and exhibited a high degree
of cellularity (table IV).

Myeloblastic and erythroblastic lines were
normal, except for cat A4 which was anae-

mic at the time of sampling and showed an
increase in the erythroblast count. The mor-
phology of these cells was also normal and
cytologic tests detected no maturation dis-
orders in these lines.

The myeloid/erythvoid ratio was de-
creased for cats A1, A2, A4, B2, B5, and
A6; interestingly these cats had the largest
drop in peripheral granulocyte count. The
percentage of lymphoid cells in the 2 control
cats was 19 and 21 (mean 20). In the ino-
culated cats values ranged from 19 to 54
(mean 34 ± 3).

This increase in the percentage of lym-
phocytes was due to an abnormal prolifer-
ation of lymphocytes rather than to a re-
duction of the other cell types. The
cytological study of medullary lymphocytes
did not reveal atypical lymphocytes as found
in the blood. The percentage of lympho-
blasts was slightly higher than in the control



cats. The percentage of plasmacytes remai-
ned unchanged.

Sternebral histology

Sternebrae of all 12 inoculated cats had the
normal histological appearance of growing
bone, with no structural abnormality in the
bony tissue and no abnormality of ossifi-
cation. The bone marrow possessed a nor-
mal cellularity. The very dense cell popula-
tion remained polymorphic with a

predominance of lymphoid cells and with
no nodular or perivascular formation of fol-
licles.

Histological and immunohistochemical
changes in lymph nodes

The prominent feature observed in the
lymph nodes was a marked follicular hyper-
plasia frequently associated with irregulari-
ties and disappearance of the mantle zone
and small lymphocyte infiltration in the centre
of the follicles.

Immunohistochemical labelling showed
an equal number of CD4 cells in normal and
infected cats, whereas CD8 cells in infected
animals were larger in number and promi-
nent either scattered or clustered in the fol-
licles.

Electron microscopy examination of at
least 2 germinal centres of the prescapu-
lar, submaxillary and popliteal lymph nodes
was performed and no viral particles were
observed in the lymphocytes or dendritic
cells of all follicles examined.

DISCUSSION

This study reports the clinical and patho-
logical abnormalities observed during early
experimental FIV infection of cats.

Clinical symptoms were limited to lymph
node enlargement and were only observed
in the first 6 cats, suggesting a lessening in
the virulence of the FIV strain during the suc-
cessive passages. Mucosal inflammation
was observed in one cat 4 weeks after ino-
culation. Such lesions are frequently obser-
ved in FIV-infected cats (Shelton eta/, 1989,
1990b). Unlike other reports (Yamamoto et
al, 1988; Ishida et al, 1989) no fever or diar-
rhoea were noted in infected animals.

The most significant haematological alte-
rations observed were leucopenia and
decrease in the CD4/CD8 lymphocyte ratio.
These types of abnormalities were described
in FIV in both experimentally and naturally
infected cats (Sparger et al, 1989; Ackley
et al, 1990; English et al, 1990). The leu-
copenia was linked to the decrease in the
number of lymphoid cells per pl. The
decrease of the CD4/CD8 ratio was obser-
ved in this experiment much earlier (6
weeks) than described by Ackley et al
(1990). The same alteration of the CD4/CD8
ratio was described in HIV-infected humans

(Miedema et al, 1990; Pantaleo et al, 1993).
The absolute number of CD4 lymphocytes
was decreased after 6 weeks (1 animal) or
10 weeks (5--6 animals), but no correlation
was found with the clinical signs or the gra-
vity of illness. We noted the presence of
atypical lymphoid cells, similar to those des-
cribed in HIV-infected men (Stepper et al,
1988). Further definition of these cells could
provide some insights into the early events
linked to the infection with FIV; however,
appropriate reagents are presently missing
for their precise characterization in cat. The
presence of azurophilic granules in the cyto-
plasm of some large lymphoid cells recalls
the large granular lymphoid cells sometimes
observed in humans and considered to dis-

play natural killer activities (Reynolds et al,
1987). The reduction of lymphoid cells in
the peripheral blood is in contrast to a rela-
tive increase in bone marrow lymphoid cells.
This increase was not associated with the



presence of cytologically abnormal lymphoid
cells but was confirmed by the histological
appearance of the bone marrow showing a
diffuse lymphoid infiltration.
Some cats displayed a clear reduction

in the number of circulating neutrophils;
interestingly, this reduction seemed to be
linked to an insufficient myelopoiesis
(decrease of the M/E ratio) without aspects
of differentiation blockage, thus excluding
an ineffective myelopoiesis. Such an inef-
fective myelopoiesis (Mandell et al, 1992)
was characterized by a leftshift of the mye-
loid series without the signs of dysplasia
observed in some cases of HIV infection.

Furthermore no eosinopenia could be
detected in our study but the usual low num-
ber of circulating eosinophils in normal cats
may preclude this observation. In agree-
ment with the study of Mandell et al, 1992,
only one cat became anaemic and only one
transient thrombocytopenia was noticed.

Anemia and thrombocytopenia are ob-
served in natural FIV infection. It has been

suggested that this difference is due to fac-
tors such as environment, concomitant infec-
tion or stage of the disease.

The histological lesions of the lymph
nodes are comparable to those described in
HIV infection in man and SIV infection in

primates (Meyer et al, 1985; Dielbold et al,
1988). In HIV infection in man, viral par-
ticles are observed in the cellular prolon-
gations of the dendritic cells during the per-
sistent lymph-adenopathy syndrome (LAS)
and the acquired immunodeficiency rela-
ted complex (ARC) syndrome (Le Tour-
neau et al, 1986). In our experiments on
cats, no viral particles were found in the
dendritic cells, which may be explained by
the precocity of the infection (10 weeks after
inoculation).

In conclusion, in cats experimentally
infected with FIV, we demonstrated a
decrease of the CD4/CD8 ratio as early as
6 weeks post-infection and the appearance

of circulating atypical lymphoid cells, which
were not observed in the bone-marrow. The

only histological alterations were found in
the lymph nodes, which exhibited a severe
follicular hyperplasia. Such early lesions
could provide the basis for the analysis of
the mechanisms of early symptoms. They
could also help to test new therapeutic
approaches for this phase of the disease.

ACKNOWLEDGMENTS

This work was supported by A Aubert (Virbac-
Carros, France), the Agence Nationale de
Recherches sur le SIDA (ANRS) and the Asso-
ciation Nouvelle de Recherche Biomedicale. We
are indebted to M Cooper for his generous gift
of monoclonal antibodies. Sincere thanks to D

Levy for stimulating discussions and a major
contribution to the revision of the manuscript.

REFERENCES

Ackley CD, Hoover EA, Cooper MD (1989) Identifica-
tion of a CD4 homologue in the cat. Tissue antigens
35, 92-98

Ackley CD, Yamamoto JK, Levy N, Pedersen NC,
Cooper MD (1990) Immunologic abnormalities in
pathogen-free cats experimentally infected with feline
immunodeficiency virus. J Virol64, 5652-5655

Diebold J, Audouin J, Le Tourneau A (1988) Lymphoid
tissue changes in HIV-infected patients. Lympho-
logy 21, 22-27

English RV, Davidson MG, Nasisse MP, Jamieson VE,
Lappin MR (1990) Intraocular disease associated
with feline immunodeficiency virus infection in cats.
J Am Vet Med Assoc 7, 1116-1119 9

lshida T, Washizu T, Toriyabe K, Motoyoshi S, Tomoda
I, Pedersen NC (1989) Feline immunodeficiency
virus infection in cats of Japan. J Am Vet Med Assoc
194, 221-225

Jain NC (1986) Schalm’s Veterinary Hematology 4th
ed, Lea and Febiger Philadelphia, PA, USA

Karnovsky M (1985) A tormaldehyde-glutaraldehyde
fixative of high osmolarity for use in electron micro-
scopy. J Cell Biol27, 137

Klotz FW, Cooper MD (1986) A feline thymocyte anti-
gen defined by a monoclonal antibody (FT2) identi-
fies a subpopulation of non-helper cells capable of
specific cytotoxicity. J Immuno1136, 2510-2516 6



Lennert K (1978) Malignant Lymphomas (other than
Hodgkin’s disease). Springer Verlag, Berlin, Ger-
many

Le Tourneau A, Audoin J, Diebold J, Marche C, Tricot-
tet V, Reynes M (1986) LAV-like viral particles in
patients with the persistent lymphadenopathy syn-
drome and the acquired immunodeficiency syn-
drome-related complex. Hum Pathol 17, 1047-1053

Mandell CP, Sparger EE, Pedersen NC, Jain NC (1992)
Long-term haematological changes in cats experi-
mentally infected with feline immunodeficiency virus
(FIV). Comp Haematol Int 2, 8-17

Meyer, PR, Ormerod LD, Osborn KG et al (1985) An
immunopathologic evaluation of lymph nodes from
monkey and man with acquired immune deficiency
syndrome and related conditions. HematolOncol3,
199-210 0

Miedema F, Tersmette M, Van Lier RAV (1990) AIDS
pathogenesis: a dynamic interaction betwen HIV
and the immune system. Immunol Today 11, 293-
296

Moraillon A (1989) L’infection par le FIV en France: des
pr6cisions. Ann Mrsd V£t 133, 221-222

Morikawa S, Lutz H, Bishop DHL (1991) Identification
of conserved and variable regions in the envelope
glycoprotein sequences of two feline immunodefi-
ciency viruses isolated in Z06ch. Virus Res 21, 53-63

Murphy MF, Metcalfe P, Waters AH et al (1987) Inci-
dence and mechanism of neutropenia and throm-
bocytopenia in patients with human immunodefi-
ciency virus infection. BrJ Haematol66, 337-340

Oksenhendler E (1989) Cytop6nies auto-immunes au
cours de l’infection par VIH. In: SIDA et inlection par
VIH (Montagnier L, Rozenbaum W, Gluckman JC
Flammarion, eds), Paris, France, 28, 331-338

Parodi AL, Féménia F, Moraillon A, Crespeau F, Fontaine
JJ (1994) Histopathological changes in lymph nodes
of cats experimentally infected with the feline immu-
nodeficiency virus (FIV). JComp Pathol111, 165-174

Pantaleo G, Graziosi C, Fauci AS (1993) The immuno-
pathogenesis of human immunodeficiency virus
infection. N Engl J Med 328, 327-335

Pedersen NC, Ho EW, Brown ML, Yamamoto JK (1987)
isolation of a T-lymphotropic virus from domestic
cats with an immunodeficiency-like syndrome.
Science 235, 790-793

Reynolds CW, Ortaldo JR (1987) Natural killer activity:
the definition of a function rather than a cell type.
Immunol today3, 172-174

Schwartz D (1983) Méthodes Statistiques ! A lusage des
Mddecins et des Biologistes. Flammarion Medecine-
sciences ed, Paris, France

Shelton GH, Abrowitz JL, Linenberger ML, Russel RG,
Grant CK (1989) Chronic leukopenia associated with
feline immunodeficiency virus infection in a cat. JAm
Vet Med Assoc 194, 253-255

Shelton GH, Linenberger ML, Grant CK, Abrowitz JL
(1990a) Hematologic manifestations of feline immu-
nodeficiency virus infection. Blood 76, 1104-1109

Shelton GH, Grant CK, Cotter SM (1990b) Feline immu-
nodeficiency virus and feline leukemia virus intec-
tions and their relationships to lymphoid malignancies
in cats: a retrospective study (1968-1988). J Ac-
quired Immune Defic Syndr 3, 623-630

Sparger EE, Luciw PA, Elder JH, Yamamoto JK,
Lowenstine L, Pedersen NC (1989) Feline immuno-
deficiency virus is a lentivirus associated with an
AIDS-like disease in cats. AIDS 3, 43-49

Spivak JL, Bender BS, Quinn TC (1984) Hematologic
abnormalities in the acquired immune deficiency
syndrome. Am J Med 77, 224-228

Stepper TA, Horwitz CA, Handon M (1988) Heterophil-
negative mononucleosis like illnesses with atypical
lymphocytosis in patients undergoing seroconver-
sions to the human immunodeficiency virus. Am J
Clin Pathol 89, 169-174

Vainchenker W, Farcet JP (1989) Aspects h6matolo-
giques de l’infection par VIH. In: SIDA et Infection
par VIH (Montagnier L, Rozenbaum W, Gluckman
JC, eds) Flammarion, Paris, France 323-329

Yamamoto JK, Sparger E, Ho EW et al (1988) Patho-
genesis of experimentally induced feline immuno-
deficiency virus infection in cats. Am J Vet Res 49,
1246-1258

Yamamoto JK, Hansen H, Ho EW et al (1989) Epide-
miologic and clinical aspects of feline immunodefi-
ciency virus infection in cats from the continental
United States and Canada and possible mode of
transmission. J Am Vet Med Assoc 194, 213-220

Zon Li, Arkin C, Groopman JE (1987) Haematologic
manifestations of the human immune deficiency virus
(HIV). BrJ Haematol66, 251-256


