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Japanese quail cells transformed by the envelope-defective Bryan high-titer
strain of Rous sarcoma virus [R(-)Q] were used as a source of the Rous sarcoma
virus genome in three kinds of assays. (i) The simplest and most sensitive assay
for infectious, endogenous viruses of the chicken belonging to subgroup E involved
infection of a mixture of R(-)Q cells and turkey cells with the sample and assay
of supernatants of these cells for focus formation on subgroup E susceptible cells.
(ii) Inactivated Sendai virus-induced fusion of R(-)Q cells with live test cells was
found to be a specific method for detection of chick helper factor. Focus formation
by supernatant of the fused cells on subgroup E susceptible cells was correlated
with the presence of subgroup E envelope glycoprotein on the plasma membranes
of test cells. Whole blood cells as well as fibroblasts could be used in this assay.
(iii) A method of assay for exogenous lymphoid leukosis viruses in which mixed
cultures of R(-)Q cells and C/E cells and assay of supernatants for focus
formation on C/E cells was as sensitive as assays presently used for exogenous
lymphoid leukosis virus. Because no infectious Rous sarcoma virus was used as
part of the procedure, the assays for infectious virus described here yielded pure
pseudotypes of the input virus, an advantage for determining purity and subgroup
of the input virus.

Genetic studies of the inheritance of endoge-
nous virus expression require simple, sensitive
methods of assay for detection and titration of
endogenous subgroup E lymphoid leukosis vi-
ruses (LLV) in chickens (18, 28). Equally effi-
cient assays for chick helper factor (chf), which
is the endogenous expression of subgroup E en-
velope glycoprotein in the cell membrane, are
needed (7, 24). chf is usually detected by its
ability to phenotypically mix with the envelope
glycoprotein of viruses that exogenously infect
the chf-positive cell (8, 30). Genetic mixing with
the endogenous genome controlling chf expres-
sion has also been observed (32). Methods de-
veloped in these studies were also applied to the
assay and titration of exogenous LLV.

Rous-associated virus type 0 (RAV-O) and
other subgroup E LLV have been detected and
titrated by a variety of methods, including the
activation of Japanese quail cells transformed
by the defective Rous sarcoma virus genome of
the Bryan high-titer strain RSV(-) called
R(-)Q cells (1); by interference (17, 28); by
infectious center methods (31); and by a pheno-
typic mixing assay (3). We have used a comple-
ment fixation avian leukosis (COFAL) procedure
(20) on line 15B C/C chicken embryo fibroblasts
(CEF) that are unique in their ability to replicate

RAV-O to high titers (17). We have also used
turkey embryo fibroblasts (TEF) in similar pro-
cedures (2). The assay with 15B C/C cells was
very sensitive, but these cells often produced
subgroup E virus spontaneously. Some sources
ofTEF were also very sensitive in this assay but
could not be obtained on a regular basis. In this
report, we describe a very sensitive routine assay
in which TEF mixed with continuous lines of
R(-)Q cells are used.
Most biological assays for chf rely on the

susceptibility of the cells to be tested to either
subgroup B or C sarcoma viruses and an assay
for phenotypically mixed viruses on Japanese
quail fibroblasts (QEF) that are resistant to sub-
group B and C but susceptible to subgroup E (8,
18, 33). We sought an assay procedure that did
not depend on the susceptibility of the host cell
to specific viral subgroups. Hanafusa et al. (8)
developed a method of introducing cell-free
RSV(-) into any phenotype of host cells with
inactivated Sendai virus and assaying for a sub-
group E virus on QEF. We describe here a
similar method in which inactivated Sendai vi-
rus is used to fuse R(-)Q cells to the test cells.
Many cell culture assays have been developed

for the exogenous leukosis viruses. These include
an interference assay called the resistance-in-
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ducing factor (RIF) test (19), fluorescent-anti-
body assays (26), the COFAL test (20), the non-
producing (NP) cell activation assay (16), the
plaque assay (6), and the phenotypic mixing
(PM) test (15). We describe here a modification
of the NP cell activation assay in which contin-
uous lines of R(-)Q cells are used, and the need
for developing new NP cells is thus eliminated.
This assay produces a pure RSV pseudotype of
the input LLV.
The infectious virus assays described here

take advantage of the fact that RSV(-) cells do
not produce infectious RSV when cocultivated
with uninfected CEF but do produce infectious
RSV when the CEF are infected with an LLV
(22). These assays expand the usefulness of
RSV(-) cells in LLV research.

MATERIALS AND METHODS
Cells. Continuous lines of R(-)Q cells, transformed

by the Bryan high-titer strain of RSV (BH-RSV) but
producing particles that lack the envelope glycopro-
tein gp-85, were those developed originally by Friss (4)
and Murphy (12), called 3Q and 16Q, respectively.
Continuous lines of hamster cells transformed by BH-
RSV were obtained from Sarma (21) and from Okazaki
and Payne (unpublished data) called 3292 and 339,
respectively.
TEF were made by standard methods (27) from 13-

to 15-day-old turkey embryos from hatching eggs pro-
vided by Orlopp Turkeys, Orosi, Calif. or the Depart-
ment of Poultry Science, Michigan State University.
Primary cells of pooled embryos were plated and,
when confluent, were trypsinized and resuspended in
ice-cold freezing medium consisting of our standard
tissue culture medium supplemented with 10% di-
methylsulfoxide (DMSO) and 15% calf serum. Vials of
cells were frozen slowly and stored in the vapor phase
of liquid nitrogen. After fast thawing, they were plated
in 4% medium and used for assays when confluent.
Addition of 1% chicken serum accelerated growth. We
prepared 15B C/C CEF from 10- to 11-day embryos
from our specific-pathogen-free (SPF) flocks. C/E
chf, group specific, antigen-negative (gs-) CEF were
prepared from embryos obtained from SPAFAS, Inc.,
Norwich, Conn. QEF were prepared from 7- to 9-day
embryos obtained-from the Poultry Science Depart-
ment, Michigan State University. Line 10% embryos
from our own SPF flocks were prepared by standard
methods and assayed for susceptibility to subgroup A,
B, and E sarcoma virus pseudotypes as primary cells
(27). Cells of each susceptibility phenotype, C/O, C/
A, C/BE, and C/ABE, were frozen for future use

Viruses. RAV-0 was supernatant fluid from line
100B C/O or C/A embryos that spontaneously produce
high titers. RAV-1 (subgroup A), RAV-2 (subgroup B,
RAV-49 (subgroup C), and RAV-50 (subgroup D) were
LLV originally obtained from P. K. Vogt, Department
of Microbiology, University of Southern California
School of Medicine, and were propagated on C/E cells.
RSV (RAV-0) was originally obtained from H. Hana-
fusa, Rockefeller University, and was propagated on
C/O or C/A line 100B cells. RSV pseudotypes of each
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LLV listed above were originally obtained from P. K.
Vogt as stocks prepared by the activation of NP cells
with cloned helper LLV.

Cell culture procedures. Cells were cultivated in
a mixture of equal parts of F10 and 199 medium
supplemented with 5% tryptose phosphate broth,
100,000 U of penicillin, and 100 mg of streptomycin
per liter. Mycostatin and amphotericin B were some-
times added at the rate of 15,000 U and 1 mg/liter,
respectively. Medium for growth of primaries and
plating of other cells was supplemented with 4% calf
serum. Maintenance medium for normal and trans-
formed cells was supplemented with 2% calf serum, 5%
bovine amniotic fluid, and 1% DMSO. RSV(-) ham-
ster cells were maintained in regular growth medium.
R(-)Q cells were maintained in growth medium sup-
plemented with 1% DMSO and 1% chicken serum.

Cells were maintained and passaged by routine pro-
cedures. We incorporated 2 jtg of diethylaminoethyl-
dextran per ml into the medium for about 24 h at the
time of virus infection (25). Except where otherwise
stated, normal cells were plated at the rate of 1.2 x
106 cells in 60-mm plates and 0.5 x 106 in 35-mm plates
and maintained in a humidified incubator at 380C with
an atmosphere of about 5% CO2. RSV assays followed
published procedures (27). Agar overlay also consisted
of the F10-199 mixture with 5% calf serum and 0.9%
purified agar.
Standard LLV assays. Assays for LLV were con-

ducted by the COFAL method of Sarma et al. (20) as
modified by Smith (22), and by the PM test developed
by Okazaki et al. (15). Briefly, the COFAL test was
conducted by infecting gs- cells in 60-mm plates, pas-
saging them at weekly intervals for 14 to 21 days, and
assaying for gs antigen in cell extracts by the comple-
ment fixation (CF) test. The phenotypic mixing test
was conducted by infecting cells susceptible to all
subgroups in 35-mm plates with RSV (RAV-0) and
the test sample. After 7 days, cell-free fluids were
assayed for focus formation on C/E cells. Foci on C/E
cells indicated that a non-subgroup E virus was pres-
ent. These assays are considered to be equally sensi-
tive for detection and titration of exogenous LLV (15).

Preparation of inactivated Sendai virus. Stock
Sendai virus was obtained from H. Hanafusa. We
inoculated 0.1 to 1.0 hemagglutinating units of the
virus into the allantoic cavity of 11- to 12-day-old
embryos that were returned to the incubator for 3
days. Eggs were then placed in the refrigerator for 2 to
4 h. The allantoic fluid was harvested and clarified in
a Sorvall RC2-B centrifuge at 8,000 rpm for 10 min.
The supernatant was centrifuged, either undiluted or
diluted 1:2 with phosphate-buffered saline, at 17,000
rpm in the Sorvall for 1 h. The pellet was suspended
in cell culture medium without serum to 1/10 the
original volume of allantoic fluid. Ice-cold f8-proprio-
lactone was diluted 1:10 in ice-cold distilled water and
diluted again to a final dilution of 1:2,000 in the cold
virus suspension. (Because 16-propiolactone is a regu-
lated carcinogen, it was kept ice-cold at all times,
handled with gloves and diluted in a fume hood until
the final dilution was 1:2,000.) It was kept refrigerated
overnight and put in a 370C water bath for 2 h before
it was placed in ampoules and stored at -70'C for
future use.
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Sendai virus fusion of cells. Cell fusion methods
were adapted from those of Okada (13, 14), Yamanaka
et al. (34), and Fujita et al. (5). For the suspension
method, 2 ml of serum-free medium was put into tubes
(12 by 75 mm), and then the RSV(-) cells and the
cells to be tested were added. The tubes were centri-
fuged at about 500 rpm in an International PRC-2
refrigerated centrifuge. The supernatant was removed
carefully, and 0.1 ml of the appropriate dilution of
inactivated Sendai virus, diluted in ice-cold, serum-

free medium, was added. The tubes were kept refrig-
erated or on ice for 20 min with periodic mixing. They
were then placed in a 370C water bath for 20 min with
periodic mixing. A 2-ml amount of cell culture medium
with 4% calf serum was added to the tubes, and the
medium and cells were placed in 35-mm cell culture
dishes. The next day the medium was changed to
maintenance medium.

For the monolayer method, RSV(-) cells were

plated on 35-mm plates and washed twice the next
day with ice-cold, serum-free medium (washing was

omitted in some experiments without effect on the
results), and 0.1 ml of the appropriate inactivated
Sendai virus dilution was added to the plates on ice.
After 20 min, the test cells were added in ice-cold
medium supplemented with 4% calf serum. The plates
were put in the cell culture incubator 20 min later.
The medium was changed to maintenance medium
the next day. The dilution of Sendai virus for use was

chosen be testing dilutions with standard chf` cells
and picking the highest dilution that gave the maxi-
mum yield of subgroup E RSV.

RESULTS
RAV-O assay. Three samples of RAV-0 were

assayed by five methods. One sample was super-
natant from line 100 C/O cells and another from
C/BE cells that were expected to have titers
between 105 and 107, and 101 and 105 per ml,
respectively (23). The third sample was a frozen
stock of RAV-0. Tenfold dilutions were made,
and 0.1 ml of each dilution was added to TEF in
60-mm plates, and to 16Q cells in 35-mm plates.
Supernatants of the TEF were transferred to
new cells at 7 days, and these cells were main-
tained for another 7 days; then the cells were

collected for a CF test for gs antigen. Cell-free
fluids from the TEF were added to 16Q cells at
7 and 14 days after infection of the TEF, and
supernatants were assayed 3 days later for focus
formation on 15B C/C cells, indicating RSV res-

cue from the 16Q cells. Supernatants from the
16Q cells alone were collected at day 9 and
assayed on 15B C/C cells. Supernatants from the
mixture of 16Q cells and TEF were assayed at
day 9 on 15B C/C cells. Results of earlier trials
had shown that the endpoint was reached at 7

to 9 days of cocultivation.
Results in Table 1 show that the 14-day prop-

agation of TEF with the 3-day rescue phase on
16Q cells and the method of cocultivation were

TABLE 1. Comparison ofseveral methods of RAV-O
assay with TEF and 16Q cells

Infectious U/ml of stocks

Source of TEF TEF 7- TEF TEF-
RAV-O CF: 14 16Q day 14-day 16Q: 9-

day-a alone, fluids: fluids: day
16Qc 16QC fluidsd

L-100 C/BE <10' <101 <101 104 105
L-100 C/o 105 102 105 107 107
Stock 105 102 106 107 107

aPortions (0.1 ml each) of 10-fold dilutions were put
on 1.3 x 106 TEF in 60-mm plates, and the medium
was changed to maintenance medium the next day. At
7 days, 2 ml of fluids was transferred to new turkey
cells seeded as described in the text. Seven days later,
the cells were collected and assayed for gs antigen by
the complement fixation test.

b The same dilutions were put on 1 x 105 16Q cells
in 35-mm plates in medium supplemented with 2% calf
serum 1% DMSO and 5% bovine amniotic fluid. Me-
dium was changed the next day and on day 4. Fluids
were collected 9 days after infection and centrifuged
for 5 min at 2,000 rpm to remove cells, and 0.5 ml of
the supernatant was assayed for foci on 15B C/C cells.

'Fluids were collected at 7 and 14 days after infec-
tion of the turkey cells alone, centrifuged for 5 min at
2,000 rpm, and 0.5 ml of the supernatant was put on 5
x 105 16Q cells in medium supplemented with 4% calf
serum and 1% DMSO. The medium was changed the
next day. On day 3, 0.5 ml of cell-free supernatant was
assayed on 15B C/C cells.

d The same dilutions were put on a mixture of 2 x
105 16Q cells and 3 x 105 TEF in medium supple-
mented with 4% calf serum. Medium was changed to
maintenance medium 1 and 5 days after infection. On
day 9, 0.5 ml of cell-free supernatant was assayed for
foci on 15B C/C cells.

about equally sensitive. We have adopted the
TEF-16Q cocultivation method as standard be-
cause of its sensitivity and simplicity.
Modified NP assay. Because the RAV-0 as-

say with a mixture of TEF and 16Q cells was
simple and sensitive, we explored the possibility
that the same assay with SPAFAS C/E cells for
cocultivation would provide a sensitive assay for
RAV-2, even though the 16Q cells alone were
resistant to subgroup B. Preliminary studies
with RAV-2 suggested that the assay would be
more sensitive if the 16Q cells were added sev-
eral days after the C/E cells were infected with
RAV-2.
Table 2 shows the results of using inactivated

Sendai virus fusion to enhance the rescue of the
RSV(-) genome from the 16Q cells by RAV-2
and varying the time of adding the 16Q cells, the
number of 16Q cells added, and the time after
infection of collecting the supernatants. Sendai
virus fusion was not required to reach maximum
sensitivity if the 16Q cells were added at 3 days
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TABLE 2. Comparison ofNP cell activation assay systems, using 16Q cells with the PM test for titration of
RAV-2a

Infectious U/mi
Inactivated No. of 16Q cells Cells added on day 3 Cells added on day 6
Sendai virus added Cells__added__onday 3 Cesaddedonday_6
treatment PM control

7-day fluid 9-day fluid 7-day fluid 9-day fluid

Yes 2 x 105 105 105 105 05
Yes 3 x 105 1 105 105 105
No 2 X 105 105 105 104 105
No 3 X 105 105 105 103 104

aA total of 5 x 105 SPAFAS C/E secondary cells were plated in growth medium with 2 ,tg of diethylamino-
ethyl-dextran per ml and infected with 10-fold dilutions of RAV-2. The same dilutions were placed on a PM
assay. The next day, the medium was changed to maintenance medium. At 3 and 6 days, the medium was
removed completely, and the stated number of 16Q cells were fused to the SPAFAS C/E cells with the
monolayer method or were added to the plates after a change of maintenance medium. At 7 and 9 days, 0.5 ml
of cell-free supernatant was assayed for focus formation on SPAFAS C/E cells.

after RAV-2 infection, rather than at 6 days.
This small variation in the number of 16Q cells
was not important, and we now use 2 x 105
regularly. Even though the end points were
equal at 7 and 9 days after infection with RAV-
2, when the 16Q cells were added at 3 days in
this experiment, other experiments have given
higher focus counts and even higher end points
at 9 days. Therefore, we routinely use 9-day
supernatants.
Table 2 also shows that our selected routine

procedure was equal in sensitivity to that in the
PM test. Subsequent assays comparing the end
points for RAV-1, RAV-2, RAV-49, and RAV-50
with the modified NP test, showed that it was
as sensitive as the PM (15) and COFAL tests to
all viral subgroups.
Assays for subgroup and purity of LLV.

Because the pseudotypes produced in the RAV-
0 and modified NP assays are not contaminated
with subgroup E viruses as they would be in the
PM test, these pseudotypes could be assayed for
subgroup and contamination with other sub-
groups by standard methods of interference or
host-range. Table 3 shows the host-range
method of assay with our standard RAV-1 and
RAV-2 stocks. Supernatants from the modified
NP test conducted on chf C/E CEF were as-
sayed on C/E CEF for titer, on C/A CEF for
purity of RAV-1, and on C/BE CEF for purity
of RAV-2. Both RAV-1 and RAV-2 were very
pure in this assay, which is sensitive to exoge-
nous LLV. The lower dilutions of these same
stocks were also assayed on the RAV-0 assay,
which is sensitive to subgroup E viruses, and the
supernatants were assayed on C/A CEF and
QEF, which are Q/BC. Results show some con-
tamination with subgroup E virus in the RAV-2.
Therefore, the combination of these two assay
methods provides a very sensitive system for
assessing subgroup purity of LLV.

TABLE 3. Assay for purity ofRAV-1 and RAV-2
stocks by the modified NP and RAV-O assays and

focus assay on selectively resistant cells

Assay Cells for Infectious U/ml of stocksa
mthod focus as-metnou say RAV-1 RAV-2

Modified C/E 106 105
NP C/A <lo <101

C/BE ND ND

107 107
ND ND
<10' <1o0

RAV-0 C/A <2 x 100b <2 x 100b ND ND
Q/BC ND ND 2 x10 101

a Replicate titrations; ND, Not done.
bBecause the C/A cells produced RAV-0, this assay may

not have been as sensitive for the detection of subgroup E
virus as an assay with C/A cells derived from a non-RAV-0-
producing line would be.

chf Assays. We chose to evaluate several
methods of using 16Q cells in chf assays because
cocultivation with these cells would be a simple
method of introducing the RSV genome into test
cells which are not necessarily susceptible to
RSV of subgroup B or C (1). Our test material
was whole blood cells (H. Hanafusa, personal
communication), CEF and embryo mashes fro-
zen in DMSO medium from Regional Poultry
Research Laboratory (RPRL) line 6, which is
known to be chfr and negative for RAV-0 pro-
duction (L. B. Crittenden et al., manuscript in
preparation).
A comparison of the monolayer and suspen-

sion methods with three dilutions of inactivated
Sendai virus and with no Sendai virus is shown
in Table 4. The suspension method yielded
higher counts when fluids were collected 3 days
and 5 or 6 days later and therefore was consid-
ered to be more sensitive than the monolayer
method. Inactivated Sendai virus slightly in-
creased the sensitivity of the assay. Sendai virus
fusion had its most important effect when the
suspension method was conducted for 3 days.

INFECT. IMMUN.
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Concentration of line 6 CEF had little effect on
the sensitivity.
Table 5 shows the results of an assay compar-

TABLE 4. Focus counts from chf assays, comparing
the effect ofSendai virus fusion, the monolayer and
suspension methods, and the number ofdays after

fusion the fluids were collected

Line 6 Focus counts/plate
Sendai vi- CEF MonolayerbSuspensions
rus dilution (count x

10") day3 day5 day3 day6
Undiluted 3 145 340 <500 438

4 93 232 <500 <500
1:5 3 59 220 <500 <500

4 88 323 476 <500
1:10 3 22 162 246 460

4 31 169 262 296
Novirus 3 75 264 126 330

4 77 229 79 200

The day before fusion, 16Q cells were seeded at a
density of 5 x 106.

b A total of 1 x 106 16Q cells were used per tube.

ing 16Q cell density and treatment of the plated
16Q overnight with 2 jtg of mitomycin C per ml
to stop cell division (32) with cells untreated
with mitomycin C when the monolayer method
of assay was used. The idea was to stop 16Q cell
growth so that the cells would not overgrow the
plate. Whole blood cells and CEF with and
without Sendai virus were used. Clearly, both
the lower cell density and the mitomycin C
treatment increased sensitivity, perhaps because
both treatments reduced the number of 16Q
cells actually fused to the CEF so that the ratio
of 16Q and test cells was optimum. Clearly,
Sendai virus must be used to detect chf in whole
blood cells from line 6.
Table 6 shows results of an assay comparing

16Q cell number and mitomycin C treatment
when assaying for chf in line 6 embryo mashes
and whole blood cells in suspension. Pretreat-
ment of the cells overnight with 2 ,tg of mito-
mycin C per ml before trypsinization and fusion
by the suspension method did not appear to
affect the sensitivity of the assay, in contrast to

TABLE 5. Focus counts from chf assays with fusion in monolayers, comparing the effect of Sendai virus
fusion, treatment of 16Q cells with mitomycin C before fusion, density of quail cells, and the number of days

after fusion the supernatants were collecteda

Focus counts/plate"

Cell type Sendaivirus dilu- Collection day Mitomycin C No mitomycin C
~~~tion

3x 105 5x 105 3x 10" 5x 10"
CEF (4 x10) 1/5 2 230 74 54 0

1/5 4 >500 326 226 12
None 2 62 50 36 0
None 4 >500 424 10 3

Whole blood cells 1/5 2 175 100 10 0
(1 x108) 1/5 4 >500 376 110 42

None 2 0 0 0 0
None 4 0 0 0 0

a Cells were CEF and whole blood cells of line 6.
b With indicated number of R(-)Q cells.

TABLE 6. Focus counts from chf assays with fusion in suspension, comparing the effect of treatment of 16Q
cells with mitomycin C before fusion, density of quail cells, and the number of days after fusion the

supernatants were collected
Focus counts/plateb

Cell typea Collection Mitomycin C No mitomycin C
day __ _ _ _ _ _ _ _ _ _ _ _

3 xlO" 6 x 105 1 x lol 3 x 105 6 x 105 1 xlO"

EM 2 212 324 176 402 352 214
4 >500 >500 >500 >500 >500 250

Whole blood cells 2 300 306 44c >500 >500 410
4 500 >500 262 >500 >500 >500

a A 0.4-ml amount of an embryo mash (EM) was prepared from 9- to 11-day line 6 embryos and frozen slowly
in freezing medium. This sample represented cells from about 5% of an embryo. Whole blood cells were 1 x 10"
whole erythrocytes of line 6.

b With indicated number of R(-)Q cells.
c Some cells were lost from this plate when the medium was changed.
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the effect on the plate method. From 3 x 105 to
6 x 105 16Q cells per tube appeared to give
optimum sensitivity. We now routinely use the
tube method with 6 x 105 16Q cells, 1 x i08

whole blood cells, 0.4 ml of embryo mash, 1 x
106 secondary CEF, and 2 x 106 primary CEF.
Supernatant is collected for focus assay after 3
days.
Comparison of RSV(-) cell types. The

RSV(-) hamster cell lines, 339 and 3292, were
compared in their ability to detect RAV-1 or
RAV-0 through activation of the RSV(-) ge-
nome by LLV and detection by focus assay. The
3292 cells were clearly more sensitive than the
339 cells. Therefore, further comparisons were
conducted only among 3292, 3Q, and 16Q cells.
Table 7 gives the results of comparing these 3

cell lines in a chf assay conducted by the mono-
layer method. The 3292 cells appeared to be
more sensitive in the detection of chf in CEF at
2 days after cell fusion; this high sensitivity was
dependent upon the use of Sendai virus fusion.
Both 3Q and 16Q cells gave high focus counts
after 4 days. The R(-)Q cells appeared to be
sensitive in the detection of chf in whole blood
cells when fused with Sendai virus, whereas chf
was hardly detectable by the 3292 cells.
We have now chosen to use R(-)Q cells for

our assays, and results in Table 7 suggest that
the 3Q cells were more sensitive than the 16Q
cells. At the time of the assay, the 16Q cells had
been passaged for about 250 times twice weekly,
whereas the 3Q cells had been passaged fewer
than 60 times. Later assays with the suspension
method, when the cells were at comparable pas-
sage numbers, showed that their sensitivities
were about the same. We have also compared
these 3Q and 16Q in the RAV-0 and modified
NP assays and found the end points comparable
in all experiments. We have chosen the 16Q cells
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as our standard because they generally grow
faster and, at least at low passage levels, are
comparable in sensitivity with the 3Q cells.

DISCUSSION
We have described simple, sensitive assays for

RAV-0, chf, and exogenous LLV. The RAV-0
assay is very sensitive for the detection and
assay of subgroup E LLV. However, because
both QEF and TEF are sensitive to infection by
subgroup A LLV and by some subgroup C and
D LLV but not by subgroup B, this assay is not
specific for RAV-0. If exogenous LLV are sus-
pected, the supernatant should be assayed on
both C/O and C/E cells. Samples that plate on
C/O cells but not on C/E cells can be assumed
to contain only subgroup E virus. Mixtures of
exogenous and endogenous viruses would be
more difficult to classify by host range than pure
viruses. Cloning may be necessary if the com-

ponents of the mixture must be determined.
The modified NP assay for exogenous LLV is

as sensitive as the phenotypic mixing and
COFAL assays. Its major advantage is that the
supernatants from the assay are RSV pseudo-
types free of subgroup E viruses put into the
assay system because the RSV genome comes
from R(-)Q cells rather than from RSV (RAV-
0) as in the PM test. The modified NP assay is
simpler to use than the original NP test because
the NP R(-)Q cells are maintained as continu-
ous cell lines and are readily available. The
modified NP test assay is simpler than the PM
test because true C/O cells are not always read-
ily available, and large amounts of a subgroup E
sarcoma virus are not required.
Both assay systems require adequate positive

and negative controls to verify the freedom of
the R(-)Q cells from exogenous infection with
LLVs and to verify the phenotype of the cells

TABLE 7. Focus counts from chf assays with the suspension method of cell fusion comparing three RSV(-)
cell types after mitomycin C treatment"

Focus counts/plate
Sendai virus Collec-

Cell type dilution tion No. of 3292 cells No. of 3Q cells No. of 16Q cells
day

3x10 5x10 3x 105 5x 105 3x105 5x1OP
CEF (4 x 106) 1/5 2 >500 >500 216 116 230 74

1/5 4 >500 >500 >500 >500 >500 326
Novirus 2 30 14 4 0 62 50
No virus 4 110 64 >500 >500 >500 424

Whole blood cells 1/5 2 0 0 176 100 14 14
(1 x 108) 1/5 4 8 6 >500 376 288 360

No virus 2 0 0 0 0 0 0
No virus 4 0 0 0 0 0 0

aRSV(-) cell densities were compared and the effects of Sendai virus presence or absence were compared.
Cells were CEF and erythrocytes of line 6.
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used for focus assay. We also titrate a standard
stock ofLLV or RAV-O to assess the sensitivity
of each assay.
These assays are particularly useful for sub-

group classification of LLV and the detection of
small amounts of endogenous subgroup E vi-
ruses in LLV stocks or samples. We have shown
the host-range method of checking purity, but
the pseudotypes so derived could also be classi-
fied by interference, or by neutralization criteria
(10, 29). In the system described here, only the
modified NP assay is required to classify exoge-
nous viruses. If pseudotypes that are free of
subgroup E virus are to be obtained from the C/
E cells used in the modified NP assay, the C/E
cells must be chf negative. Pseudotypes obtained
from the limiting dilution of an exogenous virus
should also be a good source of seed stock for
producing stocks of RSV.
The RAV-0 assay is useful for quantitating

small amounts of subgroup E virus contaminat-
ing stocks of exogenous virus that are considered
to be pure for subgroup. The supernatants from
this assay can be assayed on C/A and C/C CEF
for subgroup E virus contaminating stocks of
LLV of subgroups A and C, respectively, and on
Q/BC cells for subgroup E virus contaminating
subgroup B stocks. Our present source of C/A
cells is line 100, which is not highly sensitive to
subgroup E virus, probably because spontaneous
RAV-0 production interferes with infection by
subgroup E sarcoma viruses (2).
Although we have not had access to large

numbers of CEF that are C/O, that support the
growth of RAV-0 to a high titer, and that are
negative for endogenous virus expression (17a)
even when treated with bromodeoxyuridine,
such embryos should be appropriate for both
the RAV-0 assay and the modified NP system.
Thus, with such cells, the two assay systems
could become one appropriate for all viruses of
subgroups A through E.
Although the chf assay described here has not

been compared directly with other published
assays for sensitivity, it is useful for direct
screening of large numbers of embryos or whole
blood samples for chf activity, regardless of the
cell susceptibility phenotype (Crittenden et al.,
manuscript in preparation). This method is
highly correlated with radioimmunoassay for
the envelope glycoprotein of subgroup E (24).
We do not know the mechanism of activation

RSV(chf) after fusion with cells from whole
blood. It may be due to fusion with erythrocytes
or the blood leukocytes. We know that chicken
erythrocytes can fuse with continuous cell lines
and that the chicken chromosomes can be acti-
vated to be transcribed and produce chicken

proteins (11). Thus, we are not sure whether the
production of RSV(chf) is a genetic event or
simply phenotypic mixing, with envelope anti-
gen incorporated in the erythrocyte or leukocyte
cell membrane. Clearly, the assay is correlated
with chf assays conducted on CEF of the same
types.
Two RSV(-) quail cell lines are efficient in all

these assays, and an RSV(-) hamster (3292) cell
line is good in some of them. We think that any
RSV(-) cell line has potential for these assays,
but the sensitivity of the assays may depend
more on the individual conditions of the labo-
ratory than on the specific origin of the cell line.
Therefore, those using these methods should try
more than one cell line under their own condi-
tions before choosing an assay for routine use.
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