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The rates of feline immunodeficiency virus (FlV) isolation from saliva, plasma, and peripheral blood
mononuclear cells (PBMC) of infected cats were compared; isolation rates were 18, 14, and 81%, respectively,
in naturally infected cats and 25, 57, and 100%, respectively, in experimentally infected animals. There was
no obvious relationship between isolation rate and clinical stage or between isolation rate and the titer of
neutralizing antibody in serum. Virus could be isolated from one salivary gland as early as 1 week postinfection
and, on a more regular basis, starting at 3 weeks postinfection, when, however, most other tissues were also
positive. Polymerase chain reaction analysis showed that FIV genomes are present in saliva and plasma more
frequently than expected on the basis of isolation data. Saliva was also found to contain viral DNA, indicating
that it may harbor virus-infected cells as well as free virus. The addition of plasma but not of saliva to PBMC
cultures delayed FIV growth. Isolation from plasma may be hampered by FIV neutralizing antibody and by the
cytotoxic activity of this fluid for the PBMC used as a cell substrate.

The feline immunodeficiency virus (FIV) shows consider-
able biological and pathogenetic similarities to the human
immunodeficiency virus (HIV). It is, therefore, considered a
useful small-animal model for AIDS studies. In addition, it is
a widespread threat to the health of domestic cats (2, 16).

Bites are believed to represent the major means of FIV
transmission (16). Nonetheless, relatively few data have
been published so far concerning the duration and levels of
FIV shedding in saliva. Likewise, little is known about virus
content in the plasma of infected cats. Precise knowledge of
this matter is important not only for a better understanding
of FIV epidemiology but also because virus excretion and
plasma viremia levels are important parameters for evaluat-
ing the efficacies of vaccines and therapeutic interventions.

In this report, we have compared the frequencies with
which FIV can be isolated from the saliva, plasma, and
peripheral blood mononuclear cells (PBMC) of infected cats
at different stages of clinical progression and at different
times after infection. As the rates of FIV isolation from
saliva and plasma were markedly lower than the rate of FIV
isolation from PBMC, we examined these fluids for FIV
genomes by the polymerase chain reaction (PCR) and sali-
vary glands and other tissues for infectious virus. The
possibility that saliva and plasma may interfere with FIV
growth was also examined.

MATERIALS AND METHODS

Cats and FlY infection. Thirty-two naturally infected cats
that had been referred to the University of Pisa Veterinary
Medical Clinic and that tested positive for FIV antibody and
negative for feline leukemia virus antigen by using a com-

mercial kit (Cite Combo FIV-FeLV; Agritech Systems,
Portland, Maine) were used in this study. At the time of
sampling, 12 cats were asymptomatic, 10 cats had symptoms
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compatible with the diagnosis of feline AIDS-related com-
plex (recurrent fever of undetermined origin, lymphadenop-
athy, weight loss, etc.), and 10 cats showed clinical signs of
chronic opportunistic infections suggestive of feline AIDS
(FAIDS) (16). Various ages and breeds and both sexes were
represented. Specific-pathogen-free (SPF) cats were pur-
chased from Iffa Credo, L'Arbresle, France, and infected at
20 to 30 weeks of age.

Virus. The Pisa-M2 isolate of FIV was originally obtained
from a clinically healthy, feline leukemia virus-negative cat
and has since been freed of the initially present feline
syncytium-forming spumavirus by two consecutive passages
of cell-free plasma in cats. The preparation used to infect
cats is propagated in vivo by monthly passages in SPF cats.
The inoculum used (2 ml of freshly collected blood) leads to
seroconversion in 4 to 6 weeks and to a reduction in the
number of circulating CD4+ lymphocytes by almost two-
thirds in 1 year (24). Infected SPF animals have remained
symptom free through the 6 months of observation. The
preparation of the Pisa-M2 isolate used for infecting PBMC
cultures was produced on the MBM feline lymphoid cell line
obtained in this laboratory by propagating the PBMC of a
feline leukemia virus- and FIV-negative SPF cat in the
presence of concanavalin A (ConA) and interleukin 2 over a
period of several months (unpublished data); the supernatant
harvested from such cultures 14 days after infection was
centrifuged at 700 x g and stored at -70°C. The virus titer in
this fluid was 105.0 50% tissue culture infective doses per ml.
The Petaluma isolate used for the neutralization assay has
been propagated exactly as described previously (21).
Virus isolation. Blood specimens were obtained by jugular

phlebotomy and collected into tubes containing EDTA.
Following Ficoll-Hypaque (Lymphoprep) separation, PBMC
were cultured at concentrations of 3 x 106 to 5 x 106 cells
per well in 24-well plates with 1 ml of RPMI 1640 containing
10% fetal bovine serum, 2 mM L-glutamine, 50 ,ug of
gentamicin, and 5 ,ug of ConA (Sigma, St. Louis, Mo.).
Three days later, the cultures were supplemented with 20 U
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of human recombinant interleukin 2 (Boehringer, Mann-
heim, Germany) per ml and 106 PBMC obtained from normal
SPF cats and prestimulated with ConA 3 to 4 days earlier.
Every 3 to 4 days during incubation, the cultures were
examined for cell viability and 0.5 ml of each supernatant
was substituted with fresh medium supplemented with 20 U
of interleukin 2 per ml. With every second medium change,
5 ,ug of ConA was also added. When viable cell counts
dropped below 106/ml, the cultures were supplemented with
1 x 106 to 2 x 106 normal lymphoblasts.
Plasma was obtained by centrifuging blood at 700 x g for

20 min and then centrifuging the supernatant at 900 x g for
10 min. Saliva samples were collected with two cotton swabs
which were held in the mouth for about 1 min and then
squeezed into a tube with the help of a plastic rod. The
amount of saliva collected from each cat was approximately
200 ,ul as determined by weighing the swabs before and after
collection. Medium (1 ml) containing penicillin (500 U/ml),
streptomycin (0.5 ,ug/ml), gentamicin (0.5 ,g/ml), neomycin
(0.5 mg/ml), and amphotericin B (Fungizone) (25 ng/ml) was
added to the saliva samples and allowed to act for 2 h at 4°C.
Within 3 h after collection, 0.1 ml of plasma and 0.5 ml of a
saliva sample were inoculated into 2 x 106 normal lympho-
blasts in 24-well plates, which were then processed as
described above.
The procedure used to isolate FIV from various organs

varied depending on the type of tissue: lymphoid tissues
were examined by treating suspended cells as described
above for PBMC, while nonlymphoid tissues were examined
by inoculating 0.1 ml of 20% (wt/vol) extracts into normal
lymphoblasts, which were then processed as described
above.

All the cultures were monitored every 3 to 4 days for
Mg2+- and Mn2+-dependent reverse transcriptase (RT) ac-
tivity. Supernatants were considered positive for FIV when
Mg2+-dependent RT activity was fivefold greater than that in
supernatants of noninfected control cultures. FIV infection
of the cultures was confirmed by assaying the supernatant
fluids for FIV p24 antigen with a solid-phase enzyme assay
using monoclonal antibodies which recognize different B
epitopes of FIV p24 (14). Negative cultures were terminated
5 or more weeks after they had been established. In exper-
iments not shown, the isolation procedure has been found to
allow the isolation of FIV from as few as 10 PBMC obtained
from donors with terminal FAIDS.
FIV neutralizing-antibody assay. Sera were tested for

neutralizing antibody by using a recently described assay
based on inhibition of syncytium formation (21). Briefly,
twofold dilutions of heat-inactivated serum were mixed with
100 syncytium-forming units of the Petaluma FIV isolate in
24-well plates. After 1 h of incubation at room temperature,
104 Crandell feline kidney (CrFK) cells adapted to grow in
0.5% fetal bovine serum in 0.5 ml of medium were added to
each well. Six days later, the cultures were stained and the
syncytia were counted under the microscope. The titer was
expressed as the highest dilution of serum which prevented
the formation of syncytia.
DNA and RNA extraction. Pellets were obtained by cen-

trifuging 1 ml of plasma passed through 0.45-p,m-pore-size
filters or 100 pl of whole saliva diluted in a phosphate buffer
solution at 20,000 x g for 2 h. For DNA extraction, such
pellets or 106 PBMC were dissolved in 200 ,ul of DNA lysis
buffer (10 mM Tris HCl [pH 7.5], 100 mM NaCl, 10 mM
EDTA, 1% sodium dodecyl sulfate [SDS], and 200 ,g of
proteinase K per ml), incubated for 2 h at 55°C, and
extracted with phenol-chloroform (1:1) and then with chlo-

roform-isoamyl alcohol (24:1). DNA was precipitated with
NaCl-ethanol and then dissolved in 20 ,ul of water. Negative
and positive DNA controls were extracted as described
above from noninfected and persistently infected CrFK cells
(23).
For RNA extraction, all steps were conducted in ice and in

the shortest possible time to reduce degradation. Pellets
prepared as described above were dissolved in 200 ,ul of
RNA lysis buffer (4 mM guanidium thiocyanate, 25 mM
sodium citrate [pH 6.5], 0.5% sarcosyl, 0.2 M sodium acetate
[pH 4], 0.1 M 2-mercaptoethanol) and extracted with phenol
at pH 4 and chloroform-isoamyl alcohol (49:1). RNA was
precipitated with cold isopropanol and then dissolved in 20
,ul of 10 mM Tris HCl (pH 7.5)-l mM EDTA-6 mM MgCl2
(3). To remove contaminant DNA, the samples were incu-
bated with 20 U of RNase-free DNase I from a bovine
pancreas (Promega, Madison, Wis.) at 37°C for 15 min and
then heated at 95°C for 5 min to stop the reaction. Negative
and positive RNA controls were obtained as described
above from cell-free supematants of uninfected and FIV-
infected CrFK cells. All precautions to avoid contamination
were taken.

Reverse transcription and PCR. The primers and probe
used were derived from the published sequence (20) of the
FIV p24 region (sense primer, GGCATATCCTATTCAAA
CAG [nucleotides 1025 to 1044]; antisense primer, AAGA
GTTGCATT-T1ATATCC [nucleotides 1680 to 1699]; probe,
GAAGCAAGA1TTGCACCAGCTAGGATGCAGTGTAGA
[nucleotides 1362 to 1397]). For DNA amplification, 10 ,ul of
a sample or 5 ng of the DNA control was added to a mixture
containing 50 pmol of each primer, 200 ,uM deoxynucleoside
triphosphates (dNTPs), and 2 U of Taq polymerase
(Promega) in Taq polymerase buffer (50 mM KCl, 10 mM
Tris HCl [pH 9.0], 1.5 mM MgCl2, 0.1% Triton X-100).
Reverse transcription was performed on 10-pA RNA samples
or RNA controls in a mixture containing Taq polymerase
buffer, 50 pmol of the antisense primer, 7.5 mM MgCl2, 1
mM dNTPs, and 7.5 U of avian myeloblastosis virus RT
(Promega). After 1 h of incubation at 42°C, 50 pmol of the
sense primer and 2 U of Taq polymerase were added to the
mixtures. Amplification was carried out for 40 cycles (1 min
at 94°C for denaturation, 1 min at 50°C for annealing, and 2
min at 72°C for elongation) in a thermal cycler (Savant
Instruments, Farmingdale, N.Y.). Amplified products (20 plA
each) were run on 1% agarose gels, denatured with alkali,
and transferred onto Nytran membrane filters (Schleicher &
Schuell, Dassel, Germany). After electrophoresis, the mem-
branes were prehybridized (6x SSC [lx SSC is 0.15 M
sodium chloride plus 0.015 M sodium citrate]-5 x Denhardt's
solution-100 pug of Saccharomyces cerevisiae tRNA per
ml-0.5% SDS) at 42°C for 1 h and hybridized (6x SSC-1 x
Denhardt's solution-100 pug of yeast tRNA per ml-0.05%
sodium PPJ) overnight at 42°C with the P-end-labeled
oligonucleotide probe. Filters were washed at 60°C with 5 x
SSC and 0.1% SDS and autoradiographed with NIF-100
films (Du Pont, Bad Hamburg, Germany) at -80°C for 4 to
30 h.
The lower limit of sensitivity of PCR for FIV DNA was 12

proviral molecules, as determined by examining serial 10-
fold dilutions of the p34TF10 plasmid containing the whole
FIV genome of the Petaluma isolate (gift of J. E. Elder, La
Jolla, Calif.) in DNA from an FIV-negative cat. The lower
limit of sensitivity of PCR for FIV RNA was 15 genome
molecules, as evaluated by amplifying cDNA obtained from
serial twofold dilutions of RNA extracted from purified FIV
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496 MATllEUCCI ET AL.

TABLE 1. Isolation of FIV from saliva, plasma, and PBMC of
naturally infected cats and its correlation with clinical status

No. of positive cultures/total no. of culturesb
Clinical statusa

Saliva Plasma PBMC

2 (latency) 2/12 (31) 0/11 9/12 (18)
3 (LAS)C 2/8 (37) 1/8 (24) 9/10 (15)
4 (FAIDS) 1/8 (9) 3/10 (14) 8/10 (8)

Total 5/28 4/29 26/32
a According to the system in reference 16.
b The average number of days before detection of the first positive culture

is given in parentheses.
c LAS, lymphadenopathy syndrome.

(isolate Pisa-M2) grown on MBM cells in RNA from unin-
fected cells.

RESULTS

Isolation of FIV from naturally infected cats. FIV was
successfully isolated from saliva for 5 of 28 field cats
examined, from plasma for 4 of 29 cats, and from PBMC for
26 of 32 cats. Usually, detection of virus in positive saliva
cultures required a longer incubation than that required for
detection of virus in PBMC cultures (Table 1). Clinical stage
(Table 1) and the neutralizing-antibody titer in serum (Table
2) showed no significant influences (Fisher's exact test) on
isolation rates. However, the cultures of samples from
animals with FAIDS consistently became virus positive
earlier (Table 1) and reached higher peak levels of RT
activity than those of samples from asymptomatic cats
(means + standard deviations, 37,024 + 4,178 and 5,755 ±
2,181 cpm/30 pJ, respectively; P < 0.01).
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TABLE 2. Isolation of FIV from naturally infected cats and its
correlation with the neutralizing-antibody titer

Neutralizing- No. of positive cultures/total no. of culturesa
antibody titer Saliva Plasma PBMC

<1:4-1:256 2/10 (21) 1/10 (13) 6/10 (11)
1:512-1:8192 2/11 (31) 0/9 13/14 (14)

a The average number of days before detection of the first positive culture
is given in parentheses.

Isolation of FIV from experimentally infected cats. Figure 1
summarizes the results obtained for a group of nine SPF cats
examined at various intervals after experimental infection.
Whereas all the PBMC examined yielded positive cultures,
FIV was isolated from only four saliva samples, in each case
with low levels of RT production. With these animals,
plasma cultures performed considerably better than with
naturally infected cats (54 versus 14% positive cultures). The
mean times until detection of a positive culture were 26, 19,
and 9 days for saliva, plasma, and PBMC, respectively (data
not shown).
Table 3 shows the results obtained by examining two SPF

cats at closer intervals and for a longer period of time. While
PBMC cultures were constantly positive, saliva was positive
only at 18 weeks postinfection (p.i.) for both cats and plasma
was positive at 1 week p.i. and then on several occasions
from the 10th to the 22nd week p.i. In these cats, the
presence of FIV neutralizing antibody in serum was also
monitored. Actively produced neutralizing antibody became
evident at 4 to 6 weeks p.i. and reached high levels within 3
to 4 months. Again, there was no evidence that the neutral-
izing-antibody titer correlated with the likelihood of isolating
FIV.

- Plasma
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C

PBMC
*

*
* *
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-
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Weeks post infection
FIG. 1. Isolation of FIV from saliva (A), plasma (B), and PBMC (C) of SPF cats at various times p.s. Results are expressed as ratios of

Mg2+-dependent RT activities exhibited by inoculated cultures to those exhibited by control cultures. The mean number of counts per minute
produced by control uninfected cultures + standard deviation was 204 74 cpm. Ratios lower than 5 are considered negative; this threshold
is indicated by a horizontal line.
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TABLE 3. Isolation of FIV from saliva, plasma, and
PBMC of two SPF cats and its correlation

with the neutralizing-antibody titer

Result for culturea Neutralizing-Cat Wk p.i. ntiboyztteSaliva Plasma PBMC antibody titer

M2-VIIa 1 - + (42) + (15) <1:8
2 - - + (7) 1:8
3 - - + (7) 1:8
4 - - + (3) 1:8
6 - - + (7) 1:32

10 ND + (13) + (9) 1:256
14 ND + (11) + (7) 1:1,024
18 + (34) + (34) + (4) 1:4,096
22 - - + (7) 1:4,096
28 - - + (3) 1:1,024
36 - - + (6) 1:8,192
44 - - + (7) 1:4,096

M2-VIIb 1 - + (42) + (8) 1:8
2 - - + (7) 1:8
3 - - + (7) <1:8
4 - - + (7) 1:16
6 - - + (7) 1:32
10 ND + (9) + (9) 1:256
14 ND + (11) + (7) 1:1,024
18 + (34) + (15) + (4) 1:1,024
22 - + (23) + (7) 1:2,048
28 - - + (6) 1:1,024
36 - - + (10) 1:4,096
44 - - + (7) 1:512

a + and -, FIV-positive and -negative cultures, respectively. The first day
that the culture was positive is given in parentheses. ND, not done or
contaminated.

Isolation of FIV from salivary glands and other tissues.
Table 4 summarizes the results obtained by culturing various
organs of experimentally infected SPF cats. All the lymphoid
organs examined yielded positive cultures at 1 week p.i. The
only nonlymphoid organ culture positive at this time was the
submandibular salivary gland. At 3 weeks p.i., other non-
lymphoid organs were positive. At the two subsequent
examination times (9 and 13 weeks p.i.), FIV was isolated
from all organs except the brain and the liver.
PCR analysis. The presence of viral DNA and RNA in

samples obtained from SPF cats infected for various time
intervals was examined by using PCR and hybridization. As
shown in Fig. 2, the majority of saliva and plasma samples
tested positive, usually with strong signals. They included
numerous samples that remained culture negative. How-
ever, while filtered plasma was positive only for viral RNA
(unfiltered plasma was occasionally DNA positive, most
likely because of the presence of residual cells or cell debris
[data not shown]), saliva was found to contain both viral
RNA and viral DNA. As expected, all the PBMC prepara-
tions tested positive for both viral RNA and viral DNA. All
tests were repeated at least once, with the same results.

Effects of saliva and plasma on FIV isolation. Figure 3
shows the effects of adding saliva and plasma on the growth
of cell-free virus in PBMC cultures. While the addition of
saliva had no detectable effects, the addition of plasma
substantially delayed FIV isolation. The effect was more
pronounced with plasma obtained from infected cats than
with plasma from noninfected animals, and its extent ap-
peared to be related to the neutralizing-antibody titer of the
plasma used. Plasma, but not saliva, also diminished the

TABLE 4. Isolation of FIV from salivary glands and
other organs of SPF cats

Result for culture the following no.
Organ Methoda of wk p.i.b:

1 3 9 13

Salivary glands
Parotid Ex - + + ND
Submandibular Ex + + + +

Lung Ex - + + +
Ovary Ex - + + +
Liver Ex - +
Brain Ex - +
Muscle Ex - + + ND
PBMC C + + + +
Thymus C + + + +
Bone marrow C + + + +
Spleen C + + ND +
Lymph nodes

Mesenteric C + - + +
Submandibular C + - + +
a Nonlymphoid tissues were examined by inoculating 20% (wt/vol) extracts

onto fresh lymphoblasts (Ex). Lymphoid tissues were examined by stimulat-
ing suspended celis with ConA (C). When needed, fresh lymphoblasts were
added to the cultures. Negative cultures were terminated 5 or more weeks
after they were established.
b+ and -, FIV-positive and -negative cultures, respectively. All results are

for different animals. ND, not done.

viabilities of the PBMC cultures (data not shown). Figure 4
shows the effect of a similar experiment, in which saliva or
plasma was added to cultures of PBMC obtained from one
infected cat in order to study their action on cell-associated
virus. Again, saliva had no effect, while plasma was inhibi-
tory. In this case, however, the inhibitory effects exerted by
plasma from infected cats and plasma from noninfected cats
were similar, suggesting that inhibition may result from the
toxicity of plasma for the PBMC cultures (Fig. 5). Such

A

R.NAa
SALIVA DNA

Culture

b PNA

PLASMA DNA

B -C D E

- -------

.
Cuilture - - - - + - - + + -

c RNA

PBNIC DN.A

-ms-rn.
bm~bm.

Culture - + + + 4-.1 + +{ - +

FIG. 2. Representative results of PCR analysis for FIV RNA and
DNA in saliva (a), plasma (b), and PBMC (c) of SPF cats at various
times p.i. A, uninfected animal; B, nine animals infected with the
Pisa-M2 isolate 3 to 19 months earlier; C, animal infected with the
Petaluma isolate 7 months earlier; D, uninfected CrFK cells; E,
CrFK cells infected with the Petaluma isolate.
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FIG. 3. Effects of saliva and plasma on the growth of cell-free FIV. (A and B) Growth of 10 and i0' 50% tissue culture infective doses,

respectively, of FIV preincubated with the same volume of saliva from an uninfected cat (*) or one of two infected cats (El and K>) or with
medium (U) for 2 h before inoculation into lymphoblasts from normal cats. (C and D) Growth of 102 and 104 50% tissue culture infective doses,
respectively, of FIV preincubated as described above with plasma samples from the same cats. Titers of neutralizing antibody in the plasma
samples were 1:512 (El) and 1:4,096 (K>).

inhibitory effect on FIV growth and PBMC culture viability
was observed with all noninfected and infected plasma
samples examined.

DISCUSSION

Existing epidemiological data indicate that biting is the
major means of FIV infection among domestic cats (16, 22,
23). Nonetheless, little is known about the extent of FIV
shedding in saliva. Yamamoto et al. isolated FIV from the
saliva of 2 of 5 healthy cats and of 5 of 5 unhealthy infected

cats and observed that a single experimentally administered
bite from an infected cat was sufficient to transmit the
infection to susceptible animals (22). On the other hand, data
on FIV isolation from plasma are also scanty (23).
The present findings show that FIV isolation from saliva is

considerably less frequent than FIV isolation from PBMC.
FIV isolation from plasma was uncommon with field cats but
relatively frequent with recently infected SPF cats. The
results also indicate that the likelihoods of isolating FIV
from saliva and plasma are not related to neutralizing-
antibody titers in serum or the animal's clinical condition.
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6 10 13 17 20

10 17 23 27 7 10 17 23 27

Days in culture
FIG. 4. Effects of saliva and plasma on the growth of cell-associated FIV. FIV growth rates in cultures of PBMC obtained from one

infected SPF cat and supplemented with the indicated volumes of saliva (A) or with plasma obtained from an uninfected cat (B), the same

infected cat which donated the PBMC (C), or another infected cat (D) are shown.

Cultured virus, however, was recovered more rapidly from
animals with FAIDS. Similar results have been reported for
HIV type 1 (HIV-1) isolation from infected individuals. In
fact, there are conflicting data on the possibility of isolating
HIV-1 from saliva (11, 12, 17), while HIV-1 isolation from
plasma is relatively easy, especially during advanced stages
of infection (5, 7) or during primary infection (4, 6).

Salivary glands were virus isolation positive from the first
week p.i. throughout the period of observation, suggesting
that they may represent an important and early site of FIV
migration and/or replication, although definitive proof will
require methods, such as in situ hybridization and quantita-
tive PCR, capable of distinguishing between local virus
replication within the tissues examined and virus present in
the circulation. In addition, in a finding similar to what has
been found for HIV-1-infected individuals (1, 10-12, 15),
PCR analysis evidenced FIV genomes in a higher number of

saliva and plasma samples and with stronger signals than
expected on the basis of the isolation data. These results
may appear contradictory, but it should be kept in mind that
the detection of viral sequences by PCR does not prove that
infectious virus is present. Although human saliva has been
shown to be somewhat inhibitory for HIV-1 infectivity (8, 9,
19) and anti-FIV antibodies are present in the saliva of
infected cats (18), we found no evidence that feline saliva
inhibits FIV infectivity or growth. In contrast, the addition
of plasma to PBMC cultures delayed FIV growth consider-
ably. As the addition of plasma also leads to decreased
viabilities of PBMC cultures, it is possible that this effect
contributes to impaired FIV growth, although an effect of
neutralizing antibody is also possible, as suggested by the
fact that plasma of infected cats was more inhibitory for the
growth of cell-free virus than plasma of noninfected animals.
These findings prompted a comparison of FIV isolation rates
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