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Prospective studies were performed over a 28- to 77-
month period (median, 66 months) on 5 cats with naturally
acquired feline immunodeficiency virus (FIV) infectionin an
attempt to correlate hematologic and clinicopathologic
changes with the emergence of clinical disease. On pre-
sentation, all cats were asymptomatic; free of opportunis-
tic infections; and had normal complete blood counts, bone
marrow maorphologies, marrow progenitor frequencies,
and progenitor in vitro growth characteristics. During
study, 2 cats remained healthy, 2 cats showed mild clinical
signs, and 1 cat developed a malignant neoplasm (ie, bron-
chiolar-alveolar adenocarcinoma). Aithough persistent he-
matologic abnormalities were not observed, intermittent
peripheral leukopenias were common. In 3 of 5 FIV-sero-
positive cats, lymphopenia {<1,500 lymphs/uL; normal ref-
erence range, 1,500 to 7,000 lymphs/ul} was a frequent
finding and the absolute lymphocyte counts had a tendency
to progressively decline. One of the other 2 cats had con-
sistently low to low-normal absolute neutrophil counts
{1.300t0 4,800 segs/uL; mean, 2,730 segs/uL; normal ref-
erence range, 2,500 to 12,500 segs/uL), and the remain-
ing cat had consistently normal leukograms, except for a
transient period (ie, 11 months) of benign lymphocytosis
(7,200 to 13,430 lymphs/ul) early in the study. Periodic

Feline immunodeficiency virus (FIV) is a horizontally
transmitted retrovirus (lentivirus subfamily) of domes-
tic cats.! FIV shares many biological and virologic charac-
teristics with the HIV, including the ability to cause severe
immunosuppression in chronically infected hosts."* Symp-
tomatic stages of both FIV and human immunodeficiency
virus (HIV) infections are frequently associated with hema-
tologic abnormalities, particularly leukopenia and ane-
mia.>!"" The pathogenesis of these blood disorders is poorly
understood. Cats with FIV infection provide an excellent
animal model for human acquired immunodeficiency syn-
drome (AIDS) research, and studies of peripheral blood,
bone marrow, and hematopoietic progenitor cell changes
during chronic infection could provide insights into the
mechanisms of marrow suppression and disease induction
associated with retroviral infection in people and animals.
In experimental inoculation studies, acute FIV infection
is often characterized by transient leukopenia (primarily at-
tributable to neutropenia), fever, and generalized lymph-
adenopathy.?® Leukocyte counts decrease at 6 to 8 weeks
after inoculation, during the peak of plasma viremia, and
typically return to normal within 2 to 4 weeks. Thereafter,
clinical signs regress, plasma virus concentrations decrease,
and the animals enter a prolonged asymptomatic (latent)
stage. However, recurrent intermittent neutropenia and
lymphopenia have been noted in some experimentally in-
fected cats after | to 1.25 years.!? Eventually, significant im-
munologic deficits develop, including decreases in CD4+ T-
lymphocyte numbers, decreased CD4+/CD8+ lymphocyte
ratios, and impaired blastogenic responses of T-lympho-
cytes to mitogens.!*'® These abnormalities predispose the

examinations of bone marrow aspirates revealed normal to
slightly depressed myeloid-to-erythroid ratios with normal
cellular morphology and maturation. Bone marrow abnor-
malities observed late in the study included mild dysmor-
phic changes (ie, megaloblastic features) in 2 cats, and a
significant decrease (60% of controls, P < .001) in the fre-
quencies of burst-forming units erythroid (BFU-E) in mar-
row cultures of FIV-seropositive cats compared with unin-
fected control cats. Serum biochemical profites were
unremarkable throughout the study, with the exception of
hyperglobulinemia (ie, polyclonal gammopathy) in 2 of 5
cats. Peripheral blood and bone marrow findings were of no
apparent prognostic value. These results confirm the long
latency between natural FIV infection and the development
of life-threatening clinical disease. Chronic FIV infection,
like infection with human immunodeficiency virus, can be
associated with derangements in peripheral blood cell
counts, as well as pertubations in marrow ceil morpholo-
gies and hematopoietic progenitor frequencies before the
terminal symptomatic stages of retroviral disease, when
persistent cytopenias are prominent.
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host to a variety of opportunistic infections and chronic de-
bilitating diseases resembling AIDS in humans.'>%!"!8 This
AIDS-like stage of chronic FIV infection has yet to be fully
reproduced in experimental studies.

In nature, acute FIV infection is difficult to discern be-
cause of the subtlety of clinical signs and lack of knowledge
regarding the actual time of virus exposure. Pet cats in the
asymptomatic stage of FIV infection rarely have hemato-
logic abnormalities, whereas the great majority (>75%) of
those with FIV-associated illnesses have peripheral blood
cytopenias and/or dysmorphic bone marrow features.* We
have previously reported that anemia, neutropenia, and
lymphopenia were present in 36%, 34%, and 53% of sick
FIV-seropositive cats, respectively.® These hematologic
findings parallel those reported in HIV-infected patients
with AIDS.'*!!

Previous studies of asymptomatic cats with chronic, nat-
urally acquired FIV infections showed normal hematopoie-
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sis, as determined by peripheral blood and bone marrow
evaluations, and in vitro marrow progenitor assays.'® These
observations suggested that the cytopenias, which develop
during symptomatic stages of FIV infection, may be attrib-
utable to factors associated with progressive immunodefi-
ciency, increased viral replicative activity, opportunistic in-
fections, nutritional deficits, and/or malignancies.

Serum biochemical abnormalities often accompany FIV
infection, particularly in clinically ill cats.®® Thomas et al®
previously reported that hyperglobulinemia and azotemia
are statistically associated with symptomatic FIV infection.
Similar biochemical findings are frequently evident in HIV-
seropositive patients as a result of virus-induced polyclonal
activation of B-cells (ie, hypergammaglobulinemia) and ne-
phropathy, respectively.20!

In this study, prospective hematologic and clinicopatho-
logic evaluations (extending over 28 to 77 months; median,
66 months) were performed on 5 asymptomatic cats with
chronic, naturally acquired FIV infections in an attempt to
correlate these findings with progression of FIV infection,
and if possible, with the development of clinical disease.

Materials and Methods
Cats

Five adult domestic cats (designated cats A-E) donated by private
pet owners to the Feline Retrovirus Clinic at the Pacific Northwest
Research Foundation were studied from September 1987 to Febru-
ary 1994, Cats were selected for study on the basis of having natu-
rally acquired FIV infection without evidence of clinical or hema-
tologic disease on initial presentation. All cats were neutered (4
males, | female) domestic shorthairs, and at the onset of the study
they ranged in ages from 3 to 6 years (median, 6.0 years). Healthy
young adult cats (n = 5: ages 1.2 to 3.2; median, 1.5 years) or old
adult cats {n = 3: ages 9.5 to 1 1: median. 10.3 years) initially ac-
quired from the feline breeding colony at Washington State Univer-
sity (Pullman, WA) and housed at the University of Washington
vivarium were used as normal controls for bone marrow culture
studies. Control cats were hematologically normal and were deter-
mined to be free of infection with common feline pathogens using
conventional diagnostic methods, as described in the following sec-
tion. All cats were immunized annually against feline viral rhino-
tracheitis, calicivirus, and panleukopenia using a commercial inac-
tivated (killed) virus vaccine (Fel-O-Vax PCT, Fort Dodge
Laboratories, Fort Dodge, [A). Throughout study, all cats were con-
fined strictly indoors and were fed a commercial premium quality
diet (Hill’s Science Diet Feline Maintenance, Hill’s Pet Nutrition,
Topeka, KS). Animals were cared for according to the principles
outlined in the National Institutes of Health Guide for the Care and
Use of Laboratory Animals.

Clinical Evaluation

FIV infection was diagnosed by detection of FIV-specific anti-
bodies in serum using an enzyme-linked immunosorbent assay
(ELISA; CITE Combo FeLV Ag/FIV Ab, IDEXX Corp, Portland,
ME) and Western blot immunoassay (performed by the National
Veterinary Laboratory, Franklin Lakes, NJ). In all cases, the length
of time between the acquisition of FIV infection and diagnosis was
unknown. Clinical studies were initiated at the time of FIV diagno-
sts. Physical examinations, complete blood counts (CBCs) with leu-
kocyte differential counts, and quantitative platelet estimates were
performed on presentation and subsequently at approximately 8 to
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12 week intervalsin all cats. Peripheral blood (5 to 10 mL.) for assays
was obtained by jugular venipuncture in unanesthetized cats. Bone
marrow for cytology or marrow culture studies was aspirated from
the proximal humeri of ketamine-anesthetized cats. White blood
cell (WBC) and platelet counts were determined manually with a
hemacytometer by one of the authors (G.H.S.) using standard lab-
oratory methods. Differential leukocyte counts and cytological ex-
amination of marrow aspirates were determined from Wright-
Giemsa-stained blood and bone marrow smears, respectively.
Bone marrow cytologies were evaluated independently by 2 of the
authors (M.L.L., J.L.A.) at 6- to 12-month intervals. Serum bio-
chemical profiles, including concentrations or activities of glucose,
urea nitrogen, creatinine, total protein, albumin, globulin, biliru-
bin, alanine aminotransferase, alkaline phosphatase, cholesterol,
calcium, sodium, phosphorus, and potassium, were performed on
presentation and at least semiannually thereafter (Phoenix Central
Laboratory for Veterinarians, Everett, WA). Serum protein electro-
phoresis was performed at the beginning and end of study for all
cats (Phoenix Central Laboratory for Veterinarians, Everett, WA).
At the onset of clinical disease, additional diagnostic tests (eg, uri-
nalysis, fluid cytolegy, coronavirus serology, histopathology, etc)
were ordered at the discretion of the attending veterinarian
(G.H.S)).

On presentation, all cats were evaluated for common opportunis-
tic or concurrent infections. Fecal flotation was performed to rule
out gastrointestinal parasitism. Cats were tested for feline leukemia
virus (FeLV) infection by both ELISA (IDEXX Corp) and immu-
nofluorescent antibody (IFA) assays (IFA performed by the Na-
tional Veterinary Laboratory). Coronavirus serology was deter-
mined by IFA (Phoenix Central Laboratory for Veterinarians) with
antibody titers of 1:400 or greater considered positive. Serology for
toxoplasmosis, using an ELISA for detection of Toxoplasma
gondii—specific immunoglobulin (Ig)M and IgG, was performed by
the T gondii Serology Laboratory, College of Veterinary Medicine
and Biomedical Sciences, Colorado State University, Ft Collins,
CO, as part of collaborative effort with Dr Michael Lappin. For both
IgM and IgG, titers of 1:64 or greater were considered positive.

Studies were not performed during or within 2 weeks after cessa-
tion of any drug or vaccine administration, with the exception of cat
A. During the last 37 months of study, this cat periodically received
topical trifluridine ophthalmic solution or antibiotic/corticosteroid
ophthalmic suspension for treatment of chronic ocular disease.

Bone Marrow Culture Studies

Sera and heparinized marrow samples were obtained for in vitro
hematopoietic progenitor assays from FIV-seropositive cats, and si-
multaneously studied uninfected controls, at study entry and after
follow-up intervals of 19 to 68 months. The frequencies of early and
late marrow erythroid progenitors (burst-forming units-erythroid
[BFU-E}and colony-forming units-erythroid [CFU-E] respectively)
and granulocyte/macrophage progenitors (CFU-GM) were deter-
mined by colony-forming assays of light density marrow mononu-
clear cells (MMNC) cultured in methylcellulose, as previously de-
scribed in detail.'” To determine the percentages of hematopoietic
progenitors in the DNA-synthetic phase of the cell cycle, tritiated
thymidine (*HTdR) suicide assays were performed as previously de-
scribed.!® To determine whether the serum of FIV-seropositive cats
contained activity that inhibited the in vitro differentiation of pro-
genitors, MMNC from control and study cats were cultured in
methylcellulose with 20% fetal calf serum (FCS)/10% heat-inacti-
vated F1V-positive (autologous) serum, 20% FCS/10% heat-inacti-
vated uninfected control serum, or 30% FCS alone. Finally, to de-
termine whether FIV infection altered the growth response of
progenitors to hematopoietic colony—stimulating activity, MMNC
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from control and study cats were cultured under optimal methyl-
cellulose conditions with 0 to 10% concentrations of exogenous
colony-stimulating activity (supplied by heat-inactivated condi-
tioned media from feline embryonic fibroblasts infected with FeL.V-
A/Glasgow-1; FEFA-CM)."? Dose-response curves were generated
based on the numbers of colonies derived from BFU-E and CFU-
GM in culture.

Inallexperiments, each assay was performed in triplicate. Results
were expressed as mean + SEM for each condition, and significant
differences were determined using Student’s r-test.??

Results
Initial Clinical Data

In accordance with patient selection criteria, all 5 FIV-
seropositive cats were asymptomatic and had normal CBCs
and bone marrow cytologic evaluations on initial presenta-
tion. Serum biochemical values were within normal limits
with the exception of mildly increased globulin concentra-
tions in cats B and C (5.2 and 5.6 g/dL., respectively; refer-
ence range, 2.6 to 5.1 g/dL). Results of serum protein elec-
trophoresis indicated polyclonal gammopathies with
elevations in «-2 and y-globulin concentrations in these 2
cats, and no abnormalities in the other cats. Fecal flotation
yielded negative results for all cats. Likewise, all cats were
negative for FeL'V by both ELISA and IFA assays. Four of 5
cats had positive coronavirus antibody titers, which in the
absence of clinical signs, were interpreted to reflect prior co-
ronavirus exposure. All cats had negative T gondii 1gG ti-
ters; however, 2 cats (cats B and D) had positive T gondii
IgM titers. To exclude the possibility of acute, subclinical
toxoplasmosis, sequential serum titers to 7" gondii were eval-
vated throughout the study for cats B and D (results pre-
sented with Longitudinal Clinicopathologic Finding below).

Results of initial bone marrow culture studies to evaluate
hematopoietic progenitors on cats A, B, and D were in-
cluded in our earlier report of hematopoiesis in asymptom-
atic F1V-seropositive cats.!® Baseline studies on cats C and
E vyielded similar results, which showed no significant
differences between FIV-infected cats and healthy, unin-
fected, age-matched control cats in the frequencies of CFU-
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E, BFU-E, and CFU-GM, progenitor cell cycle kinetics, or
growth responses to hematopoietic growth factors present in
FEFA-CM. Furthermore, sera from the FIV-infected cats
supported autologous or allogeneic progenitor growth in vi-
tro as well as normal cat sera (data not shown).

Clinical Course

As shown in Table 1, cats were studied for variable dura-
tions that ranged from 28 to 77 months, (median, 66
months) depending on the date of initial presentation to the
Feline Retrovirus Clinic. Two cats remained asymptomatic
(cats C and D), 2 cats showed only mild clinical abnormali-
ties (cats A and E), and 1 cat was euthanized after develop-
ing a malignant neoplasm (cat B). In general, body weights
remained stable or increased, sometimes necessitating a
change to a lower caloric diet to avoid obesity. Marked
weight loss was associated with malignant disease in cat B.
After 40 months of study, cat A (then 6.8 years old) devel-
oped acute onset of unilateral anterior uveitis. Intraocular
inflammation resolved in response to topical treatment with
prednisolone acetate (1%) solution; however, after 2 weeks
on this therapy he developed acute ulcerative keratitis and
conjunctivitis in the treated eye. Immunofluorescence
staining of conjunctival scrapings were positive for herpes-
virus, and negative for chlamydia and calicivirus (Virology
Laboratory, College of Veterinary Medicine, University of
Tennessee, Knoxville, TN). Corneal lesions improved
markedly within 2 weeks of topical trifluridine (Viroptic
ophthalmic solution, Burroughs Wellcome Co., Research
Triangle Park, NC) therapy. Subsequently, cat A showed
mild, chronic unilateral keratoconjunctivitis and anterior
uveitis, which was adequately controlied but not eliminated,
with every other day application of a topical antibiotic/cor-
ticosteroid ophthalmic solution (Gentocin Durafilm, Scher-
ing-Plough Animal Health Corp, Kenilworth, NJ).

After 45 months of study, the anterior aspect of the digital
footpads of cat B (then 9.75 years old} were noted to appear
rough and thickened. Firm conical projections (3 to 5 mm) of
cornified tissue were excised from the anterior aspect of the 2

Table 1. Summary of Clinical Findings in 5 FIV-Seropositive Cats

Age Duration
During of Study Hematologic Clinicopathologic
Cat Study {y} Sex Breed {mo} Clincial Status Abnormalities® Abnormalities
A 3.5-10.0 M/N DSH 77 Chronic uveitis, keratoconjunctivitis ~ Transient lymphocytosis,  IFA+ for herpesvirus

B 6.0-11.7 M/N DSH 68 Cutaneous horns, bronchiolar-
alveolar adenocarcinoma
(euthanized)

Cc 3.0-85 M/N DSH 66 Asymptomatic

D 6.0-10.0 M/N DSH 49 Asymptomatic

E 6.0-8.3 F/S DSH 28 Miliary dermatitis,

dermatophytosis, plasmacytic

stomatitis

dysmorphic marrow {conjunctival scraping)
features

Declining lymph counts Hypergamma globulinemia,
persistent T gondii igM
titers

Declining lymph counts Hypergamma globulinemia

Declining lymph counts Persistent T gondii IgM titers

Chronic neutropenia, None

myeloid hypoplasia

Abbreviations: M/N, neutered male; F/S, spayed female; DSH, domestic short-haired.
* Represents major individual hematologic findings; all cats showed intermittent leukopenias, and significant (P < .001) decreases in frequencies of

BFU-E progenitors in bone marrow cultures.
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Table 2. Summary of Mean (Range) Hematologic Values in 5 FIV-Seropositive Cats
WBC Segs Lymphs
Cat No. of Samples Hematocrit (%) (x1,000/ul) (X1,000/ul) (X 1,000/ul)
A 37 0{24-39) 11.8({6.6-19.9) 5.9(2.4-12.2) 5.4(2.0-13.4)
B 36 7 (25-44) 8.2(4.6-17.0) 4.8(2.0-10.7) 2.7(0.9-5.8)
C 33 4 (25-46) 6.2(2.8-15.3) 3.8(1.5-11.9) 2.1{0.8-4.0
D 31 31 (27-38) 6.7(4.4-11.8) 4.4(2.4-8.0) 1.9 (0.5-3.5)
E 17 36 (25-45) 7.4(5.0-11.6) 2.7{(1.3-4.8) 3.9(1.3-6.6)
Reference values?? 37 {24-45) 12.5{5.5-19.5) 7.5{2.5-12.5) 4.0(1.5-7.0)

most severely affected pads. Histopathology revealed marked
hyperkeratosis (i¢, cutaneous horns). The remaining lesions
grew very slowly, caused minor discomfort, and were occa-
sionally chewed off by the cat during grooming. In the 68th
(and final) month of study, cat B (then 11.7 years old) devel-
oped weight loss (30% of body weight over 3 months), lethargy,
inappetence, and tachypnea. On physical examination, the an-
terior thorax was noncompressible, and muffled heart sounds
were auscultated. Pleural effusion and increased soft tissue
density in the anterior mediastinal region were evident on tho-
racic radiographs. Bilateral thoracocentesis yielded 80 mL of
yellow fluid containing a few large, bizarre, ovoid basophilic
cells with large nucleoli, suggestive of thoracic neoplasia. Uri-
nalysis results were unremarkable and coronavirus serology
was negative. Because of its moribund condition and poor
prognosis, cat B was euthanized and a necropsy was per-
formed. Gross lesions consisted of moderate pleural effusion,
a firm, elongated white mediastinal mass (2.5 X 8 cm) anterior
to the heart, and multiple small (0.25 to 0.5 cm diameter)
white nodules on the serosal surfaces and extending into the
parenchyma of the lungs, liver, and spleen. Histopathologic
findings included bronchiolar-alveolar adenocarcinoma with
metastases to lungs, liver, and spleen; moderate hepatic lipido-
sis; mild membranous glomerulonephritis and interstitial ne-
phiritis; and mild bone marrow hyperplasia.
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Fig 1. Scatterplot of absolute lymphocyte counts in 3 FIV-sero-

positive cats showing progressive declines during study (49 to 68
months). Hyperkeratosis of digital footpads and pulmonary neopla-
sia with metastatic disease were evident in cat B after 45 and 68
months, respectively. Cats C and D remained asymptomatic.

After a few months of study, cat E developed periodic ep-
isodes of miliary dermatitis, principally affecting the lower
back. Histopathology of skin biopsy specimens revealed
mild perivascular hyperplastic dermatitis with mixed
mononuclear cells, mast cells, and occasional eosinophils.
Lesions were most consistent with flea antigen hypersensi-
tivity and regressed in response to short-term oral chlorphe-
niramine (Chlorpheniramine maleate, United Research
Laboratories, Bensalem, PA) administration and insecti-
cidal flea control (Mycodex Pet Shampoo with Carbaryl,
SmithKline Beecham Animal Health, West Chester, PA
and Ovitrol Plus Flea Spray, Zoecon Corp, Dallas, TX). In
the 28th (and final) month of study, partial alopecia, ery-
thema, and scaling on the lateral margins of both pinnae,
and marked inflammation at the glossopalatine arches of
the oral cavity were noted on physical examination. Wood’s
lamp examination results were negative. Biopsy specimens
of cutaneous and oral lesions revealed mild perivascular and
periadnexal dermatitis (consisting of mixed mononuclear
cells and few neutrophils), with dermatophyte hyphae in
hair follicles and in the superficial keratin layer, and moder-
ate plasmacytic stomatitis, respectively.
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Fig 2. Scatterplot of absolute neutrophil counts in 2 FIV-sero-
positive cats (cats C and E). Cat C exemplifies an FIV-infected cat
with intermittent, infrequent absolute neutropenia. In contrast, cat
E shows consistently fow neutrophil numbers. Both cats had low
mean neutrophil numbers during study (Table 2). Cat C remained
asymptomatic. Cat E showed episodic miliary dermatitis through-
out the study and localized dermatophytosis and plasmacytic sto-
matitis in the final month of study.
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Longitudinal Hematologic Findings

Peripheral blood values (means and ranges) for hemato-
crit and total WBC, neutrophil, and lymphocyte counts of
the FIV-seropositive cats over the entire study period are
summarized in Table 2. Persistent hematologic abnormali-
ties were not detected; however, intermittent absolute neu-
tropenia and/or absolute lymphopenia occurred in all cats.
In addition, mean total leukocyte counts were considerably
below the mean reference value in 4 of 5 cats. Leukocytosis
was infrequent, being noted only in cat A as a result of pe-
ripheral lymphocytosis. In all cats, leukocyte morphology
remained normal, and high numbers of immature neutro-
phils (ie, bands or metamyelocytes) were not observed on
blood smears. Aithough ali cats occasionally had low-nor-:
mal hematocrits, anemia was not noted and the mean he-
matocrit values remained stable over time. Quantities and
morphological characteristics of peripheral eosinophils,
monocytes, and platelets remained within normal limits
throughout the study period. Hematologic changes showed
no apparent correlation with clinical signs (Figs 1 and 2).

In cat A, lymphocytosis (>7,000 lymphs/ul) was a prom-
inent feature of leukograms early in the study (ie, months
13 to 23), but did not persist. Peripheral blood morphology
revealed increased numbers of small, mature lymphocytes
(range, 7,540 to 13,430 lymphs/uL; mean, 10,470 lymphs/
uL), whereas other hematologic and clinical parameters
were normal.

In 3 cats {cats B, C, and D), absolute lymphopenia
(<1,500 lymphs/uL) was a relatively common finding, be-
ing noted in 17%, 30%, and 40% of leukograms evaluated
over the entire study, respectively. Lymphocyte counts in
these cats showed a tendency to decline progressively over
time (Fig 1). During the final 12 months of the study, cats
B, C, and D were lymphopenic in 57%, 60%, and 80% of
leukograms, respectively. Despite this trend of decreasing
lymphocyte numbers, cats C and D remained asymptom-
atic. Absolute neutropenia (<2,500 segs/ul.) was detected
intermittently in all 5 FIV-seropositive cats. Figure 2 illus-
trates sequential neutrophil counts for 2 of the study cats
(cats C and E). Over the entire study, 17 of 154 (11%) leuko-
grams from all cats had absolute neutropenia, generally of
mild to moderate severity (eg, 1,500 to 2,400 segs/uL). Neu-
tropenia occurred most frequently in cat E, which showed
low to low-normal neutrophil counts throughout the study
(Fig 2). Absolute neutropenia was present in 41% of leuko-
grams from cat E, although neither the frequency nor sever-
ity of this abnormality changed significantly over time.

Cytological evaluations of bone marrow aspirates
throughout the study revealed normal to slightly decreased
myeloid-to-erythroid (M/E) ratios (range, 0.5 to 3.0:1.0; ref-
erence range, 0.6 to 3.9:1.0), normal cellular morphology,
and normal cellular maturation sequences. Thus, there were
no consistent marrow morphological derangements to cor-
relate with peripheral blood changes. At the end of study,
erythroid nuclear maturation defects (ie, megaloblastic fea-
tures) were noted in marrows from 2 cats (cats A and D),
and cat E had myeloid hypoplasia (M/E ratio, 0.5:1) con-
comitant with peripheral neutropenia. Histologic evalua-
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tion of marrow specimens taken at necropsy of cat B (at age,
11.7 years) showed mildly increased cellularity (approxi-
mately 65% of the marrow space was occupied by celis), with
increases in numbers of myeloid, erythroid, and megakary-
ocytic cells, and normal maturation sequences.

Longitudinal Clinicopathologic Findings

Serum biochemical values remained relatively un-
changed throughout the study. Serum globulin concentra-
tions were consistently high-normal to high (4.5 t0 5.7 g/dL;
reference range, 2.6 to 5.1 g/dL) in cats B and C. At the end
of study, serum protein electrophoretic patterns were again
consistent with polyclonal gammopathies in cats B and C,
and were normal for the other cats. Mild increase in alanine
aminotransferase activity (78 IU/L; reference range, 5 to 65
IU/L) was evident at the time of diagnosis of neoplasia in
cat B, concurrent with metastatic liver disease.

Initial serological evaluation for toxoplasmosis revealed
that two cats (cats B and D) had positive IgM titers and neg-
ative IgG titers for T gondii. On serial evaluations, cat B
continued to have positive IgM titers, which fluctuated from
1:256 to greater than 1:32,768; however, serum IgG titers
remained negative. Cat D also had fluctuations in IgM titers
{negative to >1:16,384) and infrequently had positive IgG
titers of low magnitude (1:128). These serological results did
not appear to correlate with disease or with peripheral blood
or bone marrow changes in either cat. In cat B, histological
examination of multiple tissues collected at necropsy failed
to find any evidence of 7" gondii organisms or lesions con-
sistent with active toxoplasmosis.

Follow-Up Bone Marrow Culture Studies

At the time of long-term follow-up marrow progenitor in
vitro studies, cats B and D had absolute lymphopenia (1,100
lymphs/uL and 510 lymphs/uL, respectively) and cat E had
absolute neutropenia (1,570 segs/xL). The mean + SEM fre-
quencies (number per 10> MMNC) of CFU-E and CFU-
GM in the FIV-seropositive cats (140 = 17 and 33 & §, re-
spectively) did not differ significantly from simultaneously
studied controls (151 + 21 and 34 + 3; P > .1). Also, the
frequency of CFU-GM in Cat E, when studied during neu-
tropenia, was not significantly different (P > .05) from a si-
multaneously studied control cat. In contrast, the mean fre-
quency of BFU-E in infected cats was 67 + 5, compared
with 111 £ 9 in uninfected controls (P < .001). A significant
difference in BFU-E frequency was consistently found in
each experiment comparing an F1V-infected cat with a con-
trol. The decrease in BFU-E frequencies in FIV-infected an-
imals could not be attributed to the effects of age, because
mean + SEM frequencies of CFU-GM and BFU-E in the
normal young adult cohorts (36 = 2 and 110 * §, respec-
tively; n = 3, median age, 2.2 years) were equivalent to fre-
quencies in the old adult cohorts (45 + 4 and 121 £ 15;n =
3, median age, 10.3 years).

The mean percentages of CFU-E, BFU-E, and CFU-GM
from FIV-seropositive cats in the S phase of the cell cycle
were equivalent to the percentages of progenitors from con-
trols (study cats: 59% + 1%, 37% = 9%, and 43% + 11%,
respectively; controls: 54% + 14%, 41% + 13%, and 36%
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12%;, P > .05). Studies of MMNC from FIV-infected or con-
trol cats cultured in different sources of sera revealed that
BFU-E-~derived colony formation was significantly en-
hanced in the presence of 10% normal or FIV-positive se-
rum, compared with FCS alone. Enhanced BFU-E growth
in the presence of 10% feline serum has been noted pre-
viously,'® and together with the current observations, sug-
gests that feline serum normally contains a burst-promoting
activity that is not affected by chronic, asymptomatic FIV
infection. There was no evidence of enhanced or suppressed
growth of CFU-E or CFU-GM in vitro in the presence of
normal or FIV-positive serum. The growth-response of
BFU-E and CFU-GM from FIV-seropositive cats in the
presence of increasing concentrations of FEFA-CM paral-
leled the response of normal progenitors, with peak/plateau
growth achieved at 7.5% and 5.0% (data not shown), respec-
tively. Thus, in spite of a significant decrease in the frequen-
cies of marrow BFU-E in chronically FIV-infected cats, the
cell cycle status of these progenitors, their growth in feline
serum, and growth-response to colony stimulating activity
remained unperturbed.

Discussion

To our knowledge, this is the first report of long-term se-
quential hematologic and clinicopathologic findings in cats
with naturally acquired FIV infection. Clinical and labora-
tory data obtained from initially asymptomatic FIV-sero-
positive cats were compared with published reference values
in an attempt to identify consistent, progressive abnormali-
ties over time.?> These results confirmed the prolonged pe-
riod of asymptomatic (latent) infection, which commonly
occurs in FIV-seropositive cats.>*'? Two of 5 cats remained
asymptomatic over study periods of approximately 4 to 5.5
years (ie, 49 and 66 months). It 1s impossible to conclude
whether the clinical signs observed in the other cats repre-
sent sequela of their FIV infections. Chronic feline herpes
infections, uveitis, dermatophytosis, plasmacytic stomatitis,
and neoplasia have all been associated with FIV infection,
and may reflect underlying immunodeficiency.!%!7 The
occurrence of cutaneous horns in cat B is noteworthy, in
that these are rare lesions in cats, possibly resulting from
keratinization defects, and have previously been associated
with FeLV infection.?® These data further support previous
claims that the prognosis for long-term survival of FIV-se-
ropositive cats is generally favorable.®*'” Four of 5 cats were
still alive at the end of the study, with a median survival
interval of 5.5 years (ie, 66 months). Because it was un-
known how long these cats were infected with FIV before
diagnosis, the latency and survival periods may actually be
underestimated.

Although persistent hematologic disease was not ob-
served, all 5 FIV-seropositive cats developed intermittent
absolute neutropenia and/or lymphopenia, and 1 cat had
transient lymphocytosis. In 3 of 5 cats, lymphocyte counts
showed a gradual progressive decline throughout the study.
Although the FIV-seropositive cats periodically showed
moderate leukopenia, these hematologic abnormalities did
not correlate with clinical status (eg, Figs 1 and 2). Clinicians
must therefore be cautious when attempting to assess pa-
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tient prognosis based on results of a single blood profile.
Anemia or thrombocytopenia were not observed, consistent
with previous reports that these abnormalities rarely occur
in the absence of clinical disease.*> One cat in this study had
consistently diminished neutrophil numbers in association
with normal or hypoproliferative myeloid populations in
bone marrow (ie, decreased M/E ratio). This finding is in
contrast to the myeloid hyperplasia noted in some symp-
tomatic cats with chronic, naturally acquired infection,’ and
occasionally accompanies severe neutropenia in cats with
experimental acute FIV infection.'? Similar peripheral
blood findings in cats experimentally infected with FIV have
been reported.>!? In one study, intermittent neutropenia (3/
6 cats) and lymphopenia (2/6 cats) began after weeks 50 and
66 postinoculation, respectively, whereas hematocrit and
platelet counts remained within the normal ranges for up to
98 weeks postinoculation.'? As peripheral blood cytope-
nias'®"!" and marrow morphological abnormalities''* fre-
quently develop.in HIV-seropositive patients with late-stage
disease, the lentiviral and host cell factors mediating mar-
row suppression in FIV infection may be similar to those in
HIV infection.

To date, the causal role of HIV or FIV in the pathogenesis
of the associated hematologic disorders remains undefined.
In symptomatic, late-stage infection, marrow suppression
could be related to the increased burden of virus (or viral
antigen) acting directly or indirectly on marrow progenitor
and/or accessory cells, severe immunodeficiency and op-
portunistic infections, malnutrition, and/or malignancy. In
the present study, leukopenia occurred in the absence of de-
monstrable clinical deterioration, concurrent infections,
neoplasia, or nutritional deficiencies. Similarly, Mandell et
al'? described intermittent leukopenias in specific pathogen
free (SPF) cats infected only with FIV and maintained in a
pathogen-free environment, suggesting that these disorders
are a direct consequence of chronic lentivirus infection. In
our studies, the frequencies, cell cycle kinetics, and in vitro
growth characteristics of the myeloid progenitors (ie, CFU-
GM) were equivalent to controls at baseline and at long-
term follow-up in all FIV-seropositive cats. Contrary to our
previous findings in a symptomatic FIV-infected cat with
chronic neutropenia,?® there was no evidence of progenitor
growth inhibitory activity in FIV-positive sera, suggesting
that humoral inhibitors of hematopoiesis are likely related
to factors associated with late-stage complications. In com-
parison to the normal CFU-GM frequencies, significant de-
creases (P < .001) in the frequencies of marrow BFU-E were
found. These decreases were not associated with abnormal-
ities in the in vitro growth characteristics of the erythroid
progenitor populations, suggesting that the surviving BFU-
E, and their progeny, were functionally normal. This
hypothesis is supported by the observations that the fre-
quencies of CFU-E and hematocrits were not significantly
decreased in our study cats, and thus compensatory eryth-
ropoiesis likely accounted for the lack of anemia in this set-
ting. Of note, decreased frequencies of peripheral blood
BFU-E, with normal CFU-GM frequencies, have been de-
tected in HIV-seropositive human patients with asymptom-
atic infection.?’ Together, these observations suggest that



PROSPECTIVE STUDY OF FIV-POSITIVE CATS

early dechnes in BFU-E frequencies may reflect a greater
sensitivity of the early erythroid progenitor pool to the my-
elosuppressive effects of lentiviruses.

Progressive decreases in absolute numbers of CD4+ T-
lymphocytes and CD4/CDS8 ratios have been described in
both experimentally and naturally FIV-infected cats,'*!% as
well as in HIV-infected human patients.'® Although T-cell
subsets were not determined in the present study, the pro-
gressively declining lymphocyte counts observed in 3 cats
were presumed to be due to gradual depletion of CD4+
cells. Peripheral lymphocytosis appears to be an infrequent
finding in both HIV- and FIV-infected patients.*'%!! Clini-
cal and laboratory investigations did not identify a specific
cause for the mild lymphocytosis found in cat A for 11
months of study.

In this study, chronic FIV infection was associated with
minimal changes in serum biochemical parameters. Mild
hyperglobulinemia, due to increases in a-2 globulin and
polyclonal increases in y globulin fractions, was evident
throughout the study in 2 of 5 cats. Hypergammaglobuli-
nemia is associated with both FIV and HIV infections, and
most likely results from polyclonal activation of B-
cells. > 8141820 Experimentally infected specific pathogen-
free cats have also developed significant elevations in serum
IgG concentrations 24 to 28 months after FIV infection,'?
suggesting that polyclonal B cell activation likely results
from direct or indirect effects of FIV, and not from comor-
bid factors that can occur during natural infection. In this
regard, immunoglobulin-positive peripheral blood cells
(presumably B-lymphocytes) have been recently recognized
as a major target of FIV in both natural and experimental
infections.?®

On initial evaluation, 2 cats were found to have positive
T gondii IgM titers and negative IgG titers. Although these
results could be consistent with acute T gondii infection,
neither cat developed clinical toxoplasmosis. Furthermore,
on serial evaluation, T gondii IgM titers remained positive
for prolonged periods (greater than 4 years) in these cats.
Lappin et al®® previously reported that FIV-seropositive cats
are more likely to have T gondii 1gM titers without IgG than
are FIV-seronegative cats. One hypothesis for this observa-
tion is that FIV infection may suppress T-helper cell func-
tion resulting in a delayed antibody class shift from IgM to
IgG. In the present study, these serological findings ap-
peared to reflect previous T gondii exposure.

In summary, these prospective findings from cats with
naturally acquired FIV infection confirm several important
clinical observations from previous retrospective and exper-
imental studies. Namely, that FIV infection can be associ-
ated with (1) prolonged asymptomatic (latent) periods (>5.5
years); (2) development of numerous secondary/opportu-
nistic infections suggestive of immunodeficiency; (3) low
mortality; (4) absolute lymphopenia and/or neutropenia
that may be intermittent and independent of clinical status;
(5) progressively declining absolute lymphocyte counts over
time; (6) hypergammaglobulinemia; and (7) persistence of
positive serum T gondii-specific [gM (without 1gG) titers.
Also, as with HIV infection, cats with chronic FIV infection
can have decreases in hematopoietic progenitor frequencies
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(ie, BFU-E) and subtle abnormalities in bone marrow cell
morphologies that may precede symptomatic (AIDS-like)
stages of disease.
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