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A feline immunodeficiency virus-like virus (FIV-Oma) isolated from a Pallas’ cat (Otocolobus manul) is highly
cytopathic in CrFK cells, in contrast to the chronic, noncytolytic infection established by an FIV isolate from
a domestic cat (FIV-Fca). The virions have typical lentivirus morphology, density, and magnesium-dependent
reverse transcriptase activity. The major core protein is antigenically cross-reactive with that of FIV-Fca;
however, FIV-Oma transcripts do not cross-hybridize with FIV-Fca. A conserved region of the FIV-Oma pol
gene has 76 to 80% nucleic acid identity with the corresponding pol regions of other feline lentiviruses and 64
to 69% identity with those of human, ovine, and equine lentiviruses.

Feline immunodeficiency virus (FIV) infection in domestic
cats is emerging as a useful laboratory model for human AIDS
(2, 10, 33, 34). Under natural conditions, cats experience an
asymptomatic carrier state for years following initial FIV in-
fection before developing an AIDS-like disease (17). Cats ex-
perimentally infected with FIV exhibit signs of acute infection
which resolve over a few months (36). The cats then become
clinically asymptomatic; however, subclinical immune dysfunc-
tion occurs and becomes progressively more profound in cats
with long-term infections (1, 2). Specific-pathogen-free cats in
laboratory environments usually do not develop typical feline
AIDS, but neurologic disease, B-cell lymphomas, and myelo-
dysplasia have been observed (11, 37).
Among human immunodeficiency virus (HIV) and simian

immunodeficiency virus isolates, significant strain differences
have an impact on the development of diagnostic procedures,
therapeutic agents, and vaccines (12, 15, 27). Likewise, FIV
isolates from domestic and nondomestic cats exhibit heteroge-
neity at both the cellular and molecular levels (22, 23, 30).
Regions of the FIV pol gene from several nondomestic cats
have been amplified by PCR (6, 26), and one puma lentivirus
has been fully sequenced (19); however, the full extent of
biological and molecular diversity among the feline lentiviruses
is unknown.
Here we report the isolation and preliminary characteriza-

tion of a highly cytopathic lentivirus from a young adult male
Pallas’ cat (Otocolobus manul), which was imported into the
United States with three other Pallas’ cats. During quarantine,
the cat tested positive for FIV with an enzyme-linked immu-
nosorbent assay (ELISA) (PetChek FIV Antibody Test Kit;
IDEXX Corp.) (24). On immunoblot analysis (4, 8, 35), the
Pallas’ cat’s serum reacted with the major core protein, p24, of
the prototype domestic cat isolate, FIV-Fca (Petaluma) (29).
The other Pallas’ cats tested negative for FIV in both antibody
assays. Hematological values for the seropositive Pallas’ cat
were within normal ranges, and the cat appeared clinically
normal; however, the cat was infected with a Trypanosoma

species and Hepatozoon canis (5). In addition, the FIV-positive
Pallas’ cat’s CD41/CD81 T-cell ratio (0.34) was substantially
lower than those of the three seronegative Pallas’ cats (mean5
2.12) (17a).
A peripheral blood mononuclear cell (PBMC) culture (29)

from the Pallas’ cat was stimulated by concanavalin A (5 mg/ml;
Sigma) for 3 days and then maintained in the presence of
human recombinant interleukin-2 (300 IU/ml; Cetus Corp.).
Fresh interleukin-2-stimulated PBMCs from uninfected do-
mestic cats were added on days 3 and 10 of cultivation. Mag-
nesium-dependent reverse transcriptase (RT) activity (16) was
detected in the supernatant of the Pallas’ cat PBMC culture
following 5 days of cocultivation with domestic cat PBMCs.
Cytopathic effects consisted of ballooning degeneration and
lysis of the cells; occasional small syncytia (fewer than five
nuclei) were observed in cytospin preparations.
Supernatants from PBMC cultures exhibiting high levels of

magnesium-dependent RT activity were filtered through a
0.22-mm-pore-size filter, inoculated onto Crandell feline kid-
ney (CrFK) cells at 50% confluency and cultured in the pres-
ence of complete CrFK growth medium (minimal essential
medium with 20% Leibovitz’s L-15 medium, 4 mM L-glu-
tamine, 1% gentamicin, and 5% fetal bovine serum). Numer-
ous small syncytia were observed 3 to 4 days after inoculation
of CrFK cells with Pallas’ cat PBMC culture supernatant. Fol-
lowing passage of the CrFK cells, numerous large syncytia
(.20 nuclei) and extensive cellular vacuolation were detected
at confluency (Fig. 1a); the monolayer was completely lysed 4
to 5 days after passage. The virus (FIV-Oma) maintained this
degree of cytopathicity over eight subsequent passages through
CrFK cells. In contrast, CrFK cells chronically infected with
FIV-Fca contained few small syncytia and had no apparent
cytolysis (Fig. 1b). Typical lentivirus particles (110 to 130 nm in
length) were seen by electron microscopy of thin sections of
the infected CrFK cells (Fig. 1c). Virion density on a 5 to 20%
sucrose gradient (Fig. 2) was determined to be approximately
1.16 g/cm3. Virus-associated RT showed a strong preference
for magnesium over manganese (Fig. 2).
Three FIV-Oma proteins with molecular masses of 10, 15,

and 24 kDa, presumably encoded by gag, were detected by
Western blotting (immunoblotting) of pelleted virus with the
homologous serum at a 1:20 dilution (Fig. 3, lane 5). Addi-
tional proteins with molecular masses of 38, 48, and 50 kDa
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were detected on Western blots with cell lysate preparations
(not shown). The core antigens of FIV-Oma and FIV-Fca were
reciprocally but incompletely cross-reactive. Antiserum against
FIV-Fca showed no reactivity with the matrix (p15) and nu-
cleocapsid (p10) proteins of FIV-Oma (Fig. 3, lane 6), al-
though reactivity was strong against the homologous virus (Fig.
3, lane 3). Likewise, the FIV-Oma antiserum did not react with
FIV-Fca p15 and p10 (Fig. 3, lane 2). Antiserum against feline
syncytium-forming virus (FeSFV) did not recognize any FIV-
Oma-associated proteins (Fig. 3, lane 7), and the Pallas’ cat’s
serum did not cross-react with proteins of an isolate of FeSFV
(not shown).

Viral RNA was extracted and purified from sucrose gradi-
ent-purified, pelleted virus (32), and radiolabeled cDNA was
reverse transcribed with 200 ng viral RNA in RT buffer con-
taining calf thymus random primers, deoxynucleoside triphos-
phates with [32P]dCTP, and Moloney murine leukemia virus
RT. Total RNA was extracted from FIV-infected and unin-
fected CrFK cells with acid guanidinium thiocyanate-phenol-
chloroform (9) and was poly(A)1 RNA selected with an oli-
go(dT) column (32). Transcripts were visualized by Northern
(RNA) blot hybridization (13) with the FIV-Oma 32P-cDNA
or with 32P-radiolabeled fragments of an FIV-Fca clone,

FIG. 1. (a and b) Crystal violet-stained CrFK cell monolayers infected with
FIV-Oma (a) or FIV-Fca (Petaluma) (b). Large syncytia can be seen in the
FIV-Oma-infected cells. Bars, 150 mm. (c) Electron micrograph of a thin section
of CrFK cells infected with FIV-Oma. A mature virion (p) with the typical
lentiviral cone-shaped electron-dense core structure is visible. The larger particle
above it appears to be an immature virion. Bar, 100 nm.

FIG. 2. Sucrose gradient purification of FIV-Oma. The volume of each frac-
tion was 0.4 ml. RT-Mg, magnesium-associated RT activity; and RT-Mn, man-
ganese-associated RT activity.

FIG. 3. Immunoblot analysis of FIV gag-encoded proteins reacted against
serum from an uninfected cat (lanes 1 and 4), FIV-Oma antiserum (lanes 2 and
5), FIV-Fca (Petaluma) antiserum (lanes 3 and 6), or FeSFV antiserum (lane 7).
Lanes 1 to 3, FIV-Fca proteins (1.4 mg per lane); lanes 4 to 7, FIV-Oma proteins
(1.4 mg per lane). The white spot in the CA band on lane 3 is an ‘‘antiband’’
which can result from depletion of the chemiluminescence substrate at the site of
excess antigen or antibody. CA, capsid protein (p24); MA, matrix protein (p15);
NC, nucleocapsid protein (p10).
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FIV-14 (25). An RNA species of about 10.0 kb, presumably
genomic-length RNA, was detected by the homologous cDNA
probe (Fig. 4a, lane 2). Additional RNA species of about 4.5,
3.0, and 1.5 to 2.0 kb were also detected, although the smallest
transcripts were only faintly visible under these exposure con-
ditions. FIV-Fca sequences in RNA from FIV-Fca-infected
CrFK cells were not evident with this probe (Fig. 4a, lane 3).
After the blot was stripped, FIV-14 probes detected viral tran-
scripts in poly(A)1 RNA from FIV-Fca-infected CrFK cells
(Fig. 4b, lane 3) but showed no cross-hybridization with FIV-
Oma-specific transcripts (Fig. 4b, lane 2).
PCR was performed on FIV-Oma cDNA with commercially

available reagents (GeneAmp; Perkin-Elmer Cetus) and stan-
dard techniques (31). The sample was subjected to a 4-min
heat shock step at 948C, 10 cycles of amplification (948C for 1
min, 378C for 2 min, and 728C for 3 min), 30 more cycles of
amplification (948C for 30 s, 558C for 1 min, and 728C for 1
min), and a final cycle of 728C for 5 min. Degenerate lentivirus
pol gene primers (14) allowed amplification of a 437-bp frag-
ment, which was then ligated into the pBluescript SK2 phage-
mid cloning vector (Stratagene). The nucleic acid sequence for
the 381 bases of the FIV-Oma pol fragment internal to the
PCR primer sequences was determined with an automated
DNA sequencer (model 373A; Applied Biosystems Inc.) and
confirmed by conventional chain termination sequencing (Se-
quenase version 2.0; United States Biochemical). NCBI Blast
(GenBank) and MegAlign (DNAStar, Inc.) were used to de-
termine nucleic acid identities with FIV-Fca isolates (79 to
80%), puma lentiviruses (79 to 80%), lion lentiviruses (76 to
80%), equine infectious anemia virus (69%), visna virus (64%),
and HIV type 1 (HIV-1) (64%).
In this paper, we have presented direct evidence of a unique

lentivirus infection in the endangered Pallas’ cat. Presumptive
FIV infection of nondomestic cats, based on detection of an-
tibodies to FIV, has been reported previously (3, 21, 26), and
FIV-like lentiviruses have been isolated from pumas (26) and
a lion (6). About 80% of the lions in Kruger National Park in
South Africa are FIV antibody positive, yet these cats appear

clinically normal (26). In this respect, feline lentivirus infec-
tions in some species of the family Felidae may be similar to
nonpathogenic simian immunodeficiency virus infections in
some nonhuman primates. The pathogenic potential of FIV-
Oma in the infected Pallas’ cat is unclear. The cat appears
healthy; however, the Trypanosoma and Hepatozoon parasitic
infections may indicate marginally depressed immune func-
tion. The cat’s low CD41/CD81 T-cell ratio also suggests sub-
clinical immunosuppression. Disease may occur as the infec-
tion progresses and CD41 T-cell levels further decline.
The antigenic differences between FIV-Fca (Petaluma) and

FIV-Oma detected by immunoblot analysis indicate some di-
vergence between these viruses. Although the major gag pro-
tein (capsid or p24) of FIV-Oma and FIV-Fca is recognized by
antiserum to either virus, antigenic cross-reactivity is poor or
absent for the minor gag proteins (nucleocapsid or p10 and
matrix or p15). The lack of cross-hybridization on Northern
blots and the sequence data for the pol PCR fragment also
indicate substantial divergence between the Pallas’ cat isolate
and other feline lentiviruses. Further cloning and sequencing
of the FIV-Oma genome will allow a more comprehensive
determination of the genetic relatedness of this virus to other
feline lentiviruses.
The aggressive growth, cytopathicity, and tropism of FIV-

Oma in CrFK cells are unlike those of other feline isolates.
Some domestic cat strains of FIV, including FIV-Fca (Peta-
luma) and our FIV-Fca (Augusta) isolate (2a), establish
chronic infections in CrFK cells with little or no cytopathic
effect (37). Other strains appear to infect only feline PBMCs or
T-lymphoblastoid-like cell lines (22, 30). Acute, lytic infection
of CrFK cells with extensive syncytium formation, as seen with
FIV-Oma, has not been reported for any of the domestic cat
FIV isolates (22, 28, 30, 37). Syncytium formation and lysis in
non-T-cell cultures have been described, however, for some
ovine and caprine lentiviruses (7). In addition, differences in
the degree of cell killing and syncytium formation in T-cell
lines have been reported for HIV-1 and HIV-2 isolates (20).
Because the growth of FIV-Oma in CrFK cells resembles

that of FeSFV, which is commonly isolated from domestic cat
tissues (18, 28), the cytopathic effects observed were first con-
sidered to be due to FeSFV infection. However, FeSFV antigens
are not detectable by immunoblot analysis of FIV-Oma-asso-
ciated proteins, the RT of FIV-Oma exhibits a dependence on
magnesium rather than the dependence on manganese which
is characteristic of FeSFV isolates, and FIV-Oma virion mor-
phology is typical of a lentivirus. Finally, the sequence data for the
pol gene fragment position FIV-Oma with other lentiviruses.
The intriguing differences between the cytopathicity and tro-

pism of FIV-Oma and the cytopathicity and tropism of FIV-
Fca provide an opportunity to pinpoint the genetic region(s)
responsible for these effects. The acutely cytopathic infection
of CrFK cells by FIV-Oma may also provide a tissue culture
system in which effects of antilentiviral therapeutic agents can
be readily assayed. The infectivity and pathogenic potential of
this isolate in domestic cats must still be explored; however,
FIV-Oma and recombinants of domestic cat FIV isolates may
ultimately enhance FIV infection of cats as an animal model
for AIDS research.
Nucleotide sequence accession number. The nucleotide se-

quence determined in this study has been deposited in the
GenBank sequence database under accession number U31349.
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