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dishes (Integrid) at a concentrationof 5to 7 x 10° or3to 4 x
10° cells per dish, respectively. One day later the medium
was removed and 4 ml of complete medium containing 25
ng of DEAE-D per ml were added to each dish. After 30 min
of incubation, the cultures were washed with Hanks’ bal-
anced salt solution and inoculated with either 1 ml of cell-
free BLV filtrate or BC cells suspended in 1 ml of MEM.
Cultures inoculated with cell-free filtrate were incubated for
2 hr at 37°. Subsequently, 3 ml of complete medium were
added and the cultures were reincubated. Cultures inocu-
lated with BC cells were incubated for 48 hr after which the
medium and floating cells were aspirated. The monolayer
was washed, and after 3 ml of complete medium were
added, the cultures were reincubated. Upon confluency, the
indicator cells were washed with PBS, fixed with methanol,
stained with Giemsa, and examined for CPE. All syncytia
assays were carried out in duplicate. Cells with 5 or more
nuclei were counted as syncytial cells. The characteristics
of the CPE were described previously (5).

Sera. The origin and characteristics of the reference sera
used in this study have been reported previously (5). A
leukemic cow was the donor of reference BLV serum Se-
276. The IFA titer of this serum on BLV-infected cells is
1:256, whereas at a dilution of 1:8 it is completely negative
on BSV-infected cells. Serum Se-362 was obtained from a
cow (BF-117) with persistent lymphocytosis in our multiple-
case Herd BF (8). This serum has an IFA titer of 1:8 to 1:16
on BLV-infected cells and is free of antibodies to BSV.
Reference BSV serum Se-354, collected from a normal cow
(BH-128) in leukemia-free Herd BH, reacts up to a dilution of
1:256 in IFA tests against BSV-infected target cells but is
completely negative on BLV-infected cells.

None of these reference sera has antibodies to R-29, Pl;,
IBR, or BVD viruses.

All sera were heat inactivated (56° for 30 min) before use.

Syncytia-Inhibition Tests. Cell-free BLV preparations or
AJ-147 BC cells (1 x 10°/ml) were mixed with equal volumes
of the serum to be tested or with MEM. The mixtures were
incubated at 37° for 1 hr and then tested in duplicate for
syncytia induction on indicator BESP cells pretreated with
DEAE-D. Each 60-mm dish was inoculated with 2 mi of the
virus-serum or AJ-147 BC cell-serum mixtures.

IFA Test. Details on the standard procedure used in the

Intfectivity Assay for BLV

IFA test have been reported in previous publications (5, 7-9,
11).

RESULTS

Syncytia Induction Assay. WI-38 and BESP cells were
used as indicator cells in this study because they were
found to be more susceptible and to respond more rapidly
to the syncytia-inducing effect of BLV than other monolayer
cultures tested. In addition, WI-38 cells were found to be
resistant to the syncytia-inducing activity of other common
bovine viruses such as BSV, IBR, and BVD (5).

In the 1st series of experiments, we examined the opti-
mum conditions for syncytia induction. Cultures seeded in
60-mm plastic tissue culture dishes at a concentration of 5
to 7 x 10° WI-38 cells/dish or 3 to 4 x 10° BESP cells/dish
had evenly scattered individual cells 24 hr later and reached
confluency at 6 to 8 and 4 to 6 days, respectively. Cultures
seeded at these cell concentrations and inoculated 24 hr
later with a standard inoculum of BLV-releasing AJ-147 BC
cells or with cell-free BLV preparations had, upon con-
fluency, considerably more syncytia than similar cultures
inoculated at later time intervals. The syncytia responses of
indicator cultures infected with cell-free BLV preparations
before and after plating were also compared. Infection be-
fore plating was carried out by mixing 8 x 10° indicator cells
suspended in 4 ml of complete medium with 2 ml of the
virus preparation. The mixture was incubated for 1 hr at 37°
after which the cells were seeded in duplicate 60-mm Fal-
con tissue culture dishes (4 x 10° cells/dish). Another set of
dishes, seeded at the same cell density with uninfected
indicator cells, were inoculated 24 hr later with an aliquot of
the virus preparation (1 mi/dish). No significant differences
were noted in the number of syncytia formed in the cultures
infected by these 2 procedures.

The results summarized in Table 1 show that pretreatment
with DEAE-D markedly increased the syncytia response of
WI-38 and BESP cells to BLV. The enhancing effect was
particularly pronounced in the cultures infected with the
cell-free virus preparation. The data in Table 1 also demon-
strate that BESP cells are considerably more sensitive than
WI-38 cells to the CPE of BLV; under the same experimental
conditions, BESP cultures form more syncytia and respond

Table 1

Effect of DEAE-D on the syncytia response of indicator cells inoculated with BLV-infected
BC cells or cell-free BLV preparations

Indicator cells

Wi-38 BESP
Cell dose or No No
Inoculum virus dilution DEAE-D DEAE-D DEAE-D DEAE-D
AJ-147 BC cells 1 x 10° 114,132 20, 16 687, 711 80, 141
1x 108 16, 12 2,0 308, 364 12,17
1 x 104 0,2 0,0 40, 38 0,2
1 x 10° 0,0 0,0 57 0,0
1 x 10% 0,0 0,0 0,0 0,0
Cell-free BLV Undiluted 14,14 0,0 >500, >500 8, 14
preparation® Diluted 1:10 0, 0,0 224, 194 0,0

2 Number of syncytia in replicate cultures.
® Culture fluid of cell line BLV-bat, filtered through a 0.45-um Nalgene filter.
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Table 2
Effect of subcultivation indicator cells on the syncytia response to BLV-infected BC cells

Indicator cells?®

WI-38 BESP
No. of AJ-147
BC cells inoc- Before sub-  After sub- Before subculti- After subcultiva-
ulated cultivation cultivation vation tion
1 x 108 152, 121° 169, 182 >500, >500 >500, >50
1 x 108 10, 8 16, 19 411, 387 457, 497
1 x 104 1,2 5,4 39, 57 77, 67
1 x10° 0,0 0,0 3,7 10, 16
1 x 102 0,0 0,0 0,0 0.0
@ Pretreated with DEAE-D.
® Numbers of syncytia in replicate cultures.
to a lower BC cell inoculum. Moreover, in this and other s ~ Table3
experiments, it was found that the CPE in the BESP cultures Titration of the SY"CY"a“;:’g::r’gtg,oiC“V”Y of a cell-free BLV
(]

always appeared 2 to 3 days earlier than in WI-38 cultures.

Previously, we found that the numbers of BLV-induced
syncytia increased with passage of the indicator cells (5).
Thus, experiments were conducted to determine whether
subculturing these cells would also increase the suscepti-
bility threshold of the syncytia assay. As shown in Table 2,
although the numbers of syncytia in WI-38 and BESP cul-
tures inoculated with AJ-147 BC cells increased slightly
after 1 passage, all inoculated cultures that did not show
the CPE before transfer remained negative after subcultiva-
tion. Similar observations were made in experiments in
which the indicator cells were inoculated with cell-free virus
preparations. The results summarized in Table 2 further
illustrate that BESP cells are more sensitive than WI-38
cells.

The results presented in Tables 1 and 2 also show a direct
correlation between the number of syncytia and the number
of AJ-147 BC cells inoculated. This correlation was ob-
served consistently in indicator cultures inoculated with
less than 5 x 10° AJ-147 BC cells per 60-mm dish. When the
BC cell inoculum was increased, the indicator monolayer
exhibited morphological alterations and grew poorly, mak-
ing it difficult to identify the syncytial cells. A direct correla-
tion between the syncytia response and the concentration
of cell-free BLV preparations was also observed repeatedly.
Representative results of titration experiments with a cell-
free BLV preparation are presented in Table 3.

Since cells with the major internal, gs-like BLV antigen
can be found consistently by the IFA technique in BLV-
infected syncytia-positive monolayer cell cultures (5, 14),*
the possibility was considered that the induction of viral
antigen could be used as an alternative assay for BLV. An
experiment was then designed to compare the appearance
of syncytial cells and cells with the BLV antigen in cultures
inoculated with a cell-free virus preparation and carried
through 2 successive passages. As shown in Table 4, syncy-
tial cells were present in the WI-38 cultures in significant
numbers before subcultivation and were more abundant
after passage. In contrast, fluorescent cells appeared only
after the WI-38 cultures were transferred and were scarce
even after an additional passage. In the BESP cultures,
relatively small numbers of fluorescent cells were detected
before the 1st subcultivation, whereas at this time syncytial
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Virus dilution No. of syncytia in duplicate cultures®

10° TNTC,® TNTC
10°! >1,000, >1,000
1072 201, 154
1073 20, 21

10~ 1,0

2 BESP indicator cells pretreated with DEAE-D were used.
® TNTC, too numerous to count.

Table 4
Syncytia formation and expression of the internal BLV antigen in
WI-38 and BESP cells inoculated with a cell-free virus preparation®

Indicator cells

WI-38 BESP

Cells with Cells with

BLV anti- BLV anti-
Cell passage Syncytia® genc (%) Syncytia®  genc (%)
Before sub- + <1 +4++ 5

cultivation

Passage 1 ++ 5 +++ NT¢
Passage 2 ++ 8 +++ 10

@ Culture fluid of cell line BLV-bat, filtered through a 0.45-um
filter.

® Results are expressed as the approximate percentage of the
monolayer sheet showing the CPE (+, 1 to 10%; ++, 10 to 25%;
+++, >30%).

< Determined by examining 200 cells in IFA tests with reference
BLV serum.

4 NT, not tested.

cells were abundant. Likewise, syncytial cells were found to
be more abundant than fluorescent cells in early passages
of bat (TbiLu), ovine (FLS), caprine (S-743), and simian
(DBS) monolayer cell cultures inoculated with BLV (5, 14).

Syncytia Inhibition Test. In an earlier work (5) we demon-
strated that bovine sera containing naturally occurring anti-
bodies to the major internal BLV antigen specifically neu-
tralized the syncytia-inducing effect of cell-free BLV prepa-
rations and BLV-infected BC cells. Absorption experiments
were conducted to elucidate further the nature of the viral
antigen-interacting antibodies. Two ml of serum 27-125 di-
luted 1:200 were incubated (37° for 1 hr) with untreated or
ether-treated BLYV pellets obtained by ultracentrifugation of
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500 ml of tissue culture fluid from cell line BLV-bat,. The ab-
sorbed serum samples were recovered after centrifugation
at 100,000 x g for 90 min and tested in duplicate for syncy-
tia-neutralizing activity against a cell-free BLV preparation.
The control unabsorbed serum samples as well as the se-
rum samples absorbed with ether-treated BLV were found
to completely inhibit syncytia formation. In contrast, no
neutralization activity was detected in serum samples prein-
cubated with intact BLV. These resuits, together with the
observation that y-globulin from a reference BLV serum, but
not y-globulin from the serum of a normal cow in a leuke-
mia-free herd, coats BLV (9), clearly indicated that the neu-
tralizing antibodies are directed against a virus envelope
antigen(s).

The neutralizing activity of several bovine sera was ti-
trated using either cell-free BLV preparations or AJ-147 BC
cells as the syncytia-inducing inocula. For simplicity and
rapidity, the results were evaluated by estimating the ap-
proximate percentage of the monolayer sheet showing the
CPE rather than by counting individual syncytia. An inverse
relationship between serum concentration and the degree
of syncytia formation was observed consistently. A repre-
sentative titration experiment is shown in Table 5. The neu-
tralization titer is defined as the highest serum dilution that
reduces the syncytia-inducing activity of the inoculum by
approximately 50%. The neutralization titer of a given serum
was reproducible even when different BLV inocula were
used.

DISCUSSION

This paper describes a rapid, direct, and practical infec-
tivity assay for BLV based on the ability of the virus to
induce rapid syncytia formation in monolayer cell cultures.

The assay can be used to detect BLV in tissue culture
fluids as well as in lymphoid cells obtained directly from the
animal. The other direct method that is presently used for
the demonstration of BLV infection in cattle is electron
microscopic detection of virus particles in BC cells (10, 20,
26). Unlike the syncytia assay, electron microscopy, which
requires the short-term cultivation of BC cells, is cumber-
some, time consuming, expensive, and does not give infor-
mation on the infectivity of the virus. The demonstration of
antibodies to the major internal BLV antigen by the IFA
technique can also be used as an accurate indicator of
current BLV infection (8, 11). However, this procedure is
indirect and depends on the ability of the animal to respond
immunologically to the virus. In addition, serological meth-
ods cannot be used for the detection of BLV in calves
younger than 3 months of age since these animals may
possess passively acquired maternal antibodies.®

The induction of virus antigens, as demonstrated by the
IFA technique, in susceptible monolayer cell cultures has
been used successfully for the detection and assay of other
C-type viruses (4, 22, 32, 33). However, as shown by the
present results, this procedure appears to be slower and
less sensitive than the syncytia assay for the detection of
BLV.

3 C. E. Piper, D. A. Abt, D. M. Bhatt, R. R. Marshak, and J. F. Ferrer,
manuscript in preparation.
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Table 5
Neutralization of BLV-induced syncytia by a reference BLV serum
Degree of
Inoculum? preincubated with Dilution syncytia®
Reference BLV serum Se-276° 1:800 -
1:1,600 -
1:3,200 -
1:6,400 +

1:12,800 ++

1:25,600 +++
Serum from a cow in leukemia-free Undiluted +++
Herd BH (Se-354)*

MEM +++

e Cell-free BLV preparation from cell line BLV-bat,.

b BESP cells pretreated with DEAE-D were used as indicator
cells. Results are expressed as the approximate percentage of the
monolayer sheet showing the CPE (+, 1 to 10%; ++, 10 to 25%;
+++, >30%; —, no syncytia).

¢ As determined by the IFA technique, the titer of antibodies to
the internal BLV antigen of Se-276 is 1:256.

4 Serum Se-354 has a titer of 1:256 in IFA test on acetone-fixed
BSV-infected BESP cells and is completely negative on BLV-in-
fected cells. At the dilution of 1:10, Se-354 completely inhibits the
syncytia-inducing activity of BSV-infected BC cells.

The lack of correlation between the numbers of syncytial
and fluorescent cells in the BLV-infected monolayer cul-
tures may be attributable to the fact that, while the syncytia
response is evaluated in the entire monolayer, the cells
examined in the IFA tests represent only a small fraction of
the culture. It is also possible that syncytial cells, which
show the fluorescent viral antigen more frequently than
single cells (5), attach to the glass more firmly and that,
therefore, some are lost when the cell samples are collected
for the IFA tests. This could be avoided by using target cells
in the IFA tests grown on coverslips by the method de-
scribed by Decleve et al. (4). However, in preliminary experi-
ments, we found that the indicator cells grew poorly under
these conditions and that the percentage of fluorescent
cells was similar to that observed in the cell samples tested
by our standard method. Since unstained syncytial cells are
seen in variable proportions in the IFA test, another expla-
nation for the discrepancy between the frequency of syncy-
tial cells and fluorescent cells could be that infected cells
synthesize the fusion factor without synthesizing viral anti-
gen. It is also conceivable that some syncytia could arise by
fusion of several uninfected cells with only one or a few
infected cells and thus contain amounts of viral antigen that
are too small to be detected by IFA.

C-type virus infectivity assays based on the release of
virus, detected by the RNA-dependent DNA polymerase test,
in inoculated cell cultures have been described (12, 17). It
has been shown that BLV also contains an RNA-dependent
DNA polymerase (5, 14)® however, in syncytia-positive
BESP and WI-38 cultures infected with BLV, virus produc-
tion is either very limited and transient or does not occur (5).
We have identified several cell cultures that are permissive
for BLV replication and release virus abundantly after sev-
eral passages. However, in these cultures, syncytial cells are

¢ D. C. Graves and J. F. Ferrer, Bovine Leukemia Virus. |l. Detection and
Preliminary Characterization of the Viral RNA-Dependent DNA polymerase,
submitted for publication.
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usually seen before significant levels of BLV polymerase
activity can be detected (5, 14).

C-type viruses can also be assayed on the basis of their
ability to induce syncytia in mammalian cells transformed
by the Rous sarcoma virus (18, 23-25) or to act as helpers
for, or to rescue, defective sarcoma viruses (1, 13, 16).
However, syncytia formation was not observed in Rous sar-
coma virus-transformed rat (XC) cells inoculated with cells
heavily infected with BLV or with concentrated BLV prepa-
rations (5). Repeated attempts in our laboratory and in
collaboration with Dr. R. H. Bassin and P. J. Fischinger
(National Cancer Institute) have failed to demonstrate either
helper activity of BLV for MSV adapted to grow in bovine
cells, or focus induction by BLV or BLV-infected cells in
either mouse or bovine cells containing the genomes of the
murine or feline sarcoma viruses (S+ L— cells) (R. H. Bas-
sin, P. J. Fischinger, J. F. Ferrer, and C. A. Diglio, unpub-
lished observation).

In the present study, a detailed comparison has shown
that BESP cells are more susceptible and respond more
rapidly than WI-38 cells. As shown earlier (5), BESP cells,
unlike WI-38 cells, form syncytia in response to infection
with the ubiquitous BSV and IBR virus; however, in BESP
cultures inoculated with large numbers of BSV-infected BC
cells, the CPE begins to appear only after 1 or 2 passages,
whereas, as indicated by the present resuits, the syncytia
assay for BLV can be evaluated without subculturing the
indicator cells. We have identified several bovine sera, such
as Se-354, with strong neutralizing activity for BSV, which
are free of BLV antibodies. Thus, in order to avoid BSV-
induced syncytia when assaying cells or fluids from cattle,
we routinely preincubated the inoculum with 1 of these
sera. To ascertain further the specificity of the assay for
BLV, we simultaneously test an aliquot of the inoculum after
incubation with a reference BLV serum, such as Se-362,
which is free of antibodies to BSV, R-29, Pl;, IBR, and BVD
viruses. Absence of CPE in this control culture confirms that
the syncytia-inducing effect of the inoculum is due to BLV.
The results of a typical syncytia assay for BLV are shown in
Table 6.

The present data show that pretreatment with DEAE-D
enhances the syncytia response of the indicator cells to
BLV-infected BC cells, and most particularly, to cell-free
BLV preparations. These results are consistent with the
demonstration that DEAE-D increases the cellular uptake of
some viruses (21, 27, 29), as well as the response of cultured
cells to C-type viruses (4, 6, 15, 28, 31).

AJ-147 BC cells induce much larger numbers of syncytia
than do uncultured cells of the same stock (5). In addition,
using a BSA gradient fractionation procedure, it has been
possible to concentrate the BLV-infected cells from the BC
cell population (unpublished results). Thus, it is likely that
the sensitivity of the BLV syncytia assay can be increased by
preculturing the BC cells and/or isolating the infected sub-
population.

The reproducibility of the titers of a given BLV prepara-
tion in assays performed at different times has not been
determined owing to unsatisfactory results obtained thus
far in preserving the infectivity of BLV after freezer storage.
However, the fact that a direct correlation between the
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Table 6
Example of a standard syncytia assay for BLV

Inoculum incubated® with

Reference Reference
BSV serum BLV serum

Inoculum MEM Se-354° Se-362°
Cell-free BLV preparation +++4 +++ -
from cell line BLV-bat,
BC cell from Cow AJ-147  +++ +++ -
BC cell from Cow BF-117 +++ +++ -
BC cell from Cow BF-099 + + -

BC cell from Calf BF-850 - - -
BC cell from Calf BF-851 - - -

2 Inoculum incubated with an equal volume of undiluted serum
or MEM. See "‘Materials and Methods."” N

b Serum Se-354 has a titer of 1:256 in IFA test on acetone-fixed
BSV-infected BESP cells and is completely negative on BLV-in-
fected cells. At the dilution of 1:10, Se-354 completely inhibits the
syncytia-inducing activity of BSV-infected BC cells.

¢ Serum Se-362 has a titer of 1:160 in the BLV neutralization
assay and a titer of 1:8 to 1:16 in the IFA test on acetone-fixed BLV-
infected cells. Se-362 does not have neutralization activity for BSV
and is negative in IFA test on cells infected with BSV, R-29, Pl;, IBR,
or BVD viruses.

4 BESP cells pretreated with DEAE-D were used as indicator
cells. Results are expressed as the approximate percentage of the
monolayer sheet showing the CPE (+, 1 to 10%; ++, 10 to 25%;
+++, >30%; —, no syncytia).

numbers of syncytia and the concentration of the inoculum
was found consistently when testing different BLV prepara-
tions indicates that the assay lends itself well to quantita-
tion. In this regard, secondary syncytia should not present a
problem since the virus replicates poorly, if at all, in WI-38
and BESP celis (5, 14),* and the required incubation period
for the assay is only a few days in duration.

In studies reported before BLV was identified, Cornefert-
Jensen et al. (2) described syncytia formation in monolayer
cell cultures cocultivated with bovine leukemia lympho-
cytes, as well as the inhibition of this effect by serum from
leukemic cows. Since subsequent studies demonstrated the
presence of BLV in the BC cells of the large majority of
leukemic cattle (9, 10, 20, 26), it seems likely that the CPE
reported by Cornefert-Jensen et al. was due to BLV and,
therefore, that the serum inhibition effect was mediated by
virus-neutralizing antibodies. These authors also showed
that the incidence of syncytia-inhibiting antibodies is high
in multiple-case herds, intermediate in contact herds, and
low in leukemia-free herds (3). In a study that included most
of the herds examined by Cornefert-Jensen et al., we found
an almost identical distribution of fluorescent antibodies to
the internal BLV antigen (8). In addition, all the sera having
fluorescent antibodies to the antigen that were tested for
neutralizing antibodies were found positive. In each of these
sera, the titer of neutralizing antibodies was much higher
than that obtained in the IFA test. For example, the titer of
antibodies to the internal virion antigen of serum Se-276 is
1:256, whereas its neutralization titer is 1:6,400 to 1:12,800
(Table 5). Thus, it seems likely that the virus neutralization
assay would be more sensitive than the IFA test for the
identification of BLV-infected cattle.
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