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Abstract. Balb/c mouse cells were persistently infected with RS virus. Continued passage 
of the virus produced in these Balb/c cells resulted in a 10-fold increase in the amount of 
infectious virus produced. Approximately 80% of the BCH4 cells expressed RNP and 
“spike” antigen intracellularly and associated with the cell surface. 

Respiratory syncytial (RS) virus is a 
leading cause of lower respiratory disease 
in young children (1). Although classified as 
a pneumovirus of the paramyxoviridae 
family (2), RS virus lacks functional mark- 
ers, such as hemagglutinin or  neuramina- 
dase (3), which are associated with other 
members of this family. It is expected, by 
analogy with other members of the para- 
myxoviridae family (4), that a virus-speci- 
fied, membrane-associated protein is in- 
volved in cell fusion, viral maturation, and 
infectivity. 

In view of the importance of such a fu- 
sion (F) protein in the cell to cell spread of 
SV5 (5) and the serious consequences of 
vaccination with formalin-inactivated RS 
virus (6) presumably containing nonan- 
tigenic F protein (7), the search for the RS 
“F” protein has intensified. Due to the 
highly cell-associated (8) nature of RS 
virus, it was felt that infected cells might 
provide a better source of RS “F” protein. 
Attempts were made to establish a reliable 
source of cell-associated viral antigen. We 
describe here the development of a persis- 
tently infected line of Balb/c cells which 
produce low levels of virus and express 
both “spike” and RNP antigens on the cell 
surface. 

Materials and Methods. Cells. HeLa 
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Ohio and HEp-2 cells were obtained from 
Flow Laboratories (McClean, Va). A cell 
line, originally derived from a Balblc mouse 
embryo, was obtained from Dr. John Lee 
(Frederick Cancer Research Center, Fred- 
erick, Md.) at passage No. 190. All cell 
lines were grown in antibiotic-free medium 
consisting of 45% basal medium (Eagle) with 
Hanks’ salts (Flow Laboratories), 45% 
minimum essential medium (Eagle) with 
Earle’s salts (Flow Laboratories), 10% 
heated (56”/45 min) fetal bovine serum 
(Irving Scientific, Santa Anna, Calif.), and 
2 mM glutamine (Flow Laboratories). The 
cell lines are routinely tested for and kept 
free of mycoplasma contamination. 

Virus. The Long strain of RS virus was 
originally obtained from Dr. Robert Chan- 
ock (NIH, Bethesda, Md.). RS virus was 
grown in HeLa cells and plaque-assayed 
on HEp-2 cells as previously described (9). 

Antisera. Antiserum to RS “spike” pro- 
tein was prepared in rabbits using the gly- 
coprotein fragments obtained by treating 
double isopycnically banded RS virus with 
bromelain (10). This antiserum had a neu- 
tralization titer of 1/6400 as determined by 
plaque reduction following incubation at 37” 
for 30 min. Antiserum to the ribonucleo- 
protein (RNP) complex was prepared in rab- 
bits using cesium chloride-purified, cellular 
RNP (11). This anti-RNP did not neutralize 
RS virus. An antiserum against cell- 
associated viral antigens was prepared in 
mice using 0.2% glutaraldehyde-fixed RS- 
infected HeLa cells3 (mouse anti-RS/HO). 

P. Cote et al.,  submitted for publication. 

83 
0037-9727/81/050083-04$01 .OO/O 
Copyright @ 1981 by the Society for Experimental Biology and Medicine. 
All rights reserved. 



84 MOUSE CELLS PERSISTENTLY INFECTED WITH RS VIRUS 

This antiserum had a neutralization titer of 
113200. The antisera were adsorbed with 
rabbit liver powder and uninfected HeLa 
cells. The mouse antiserum was also ad- 
sorbed with Balblc cells. The rabbit and 
mouse antisera were heated prior to use for 
45 min at 60 and 56”, respectively. 

Immunofluorescence. Indirect immuno- 
fluorescence studies were performed on 
live or acetone-fixed cells3 (13). FITC- 
labeled goat anti-rabbit y-globulin (Meloy 
Laboratories, Springfield, Va.) and FITC- 
labeled goat anti-mouse y-globulin (Cappel 
Laboratories, Cochranville, Pa.) were ad- 
sorbed with equal volumes of RS-infected 
HeLa cells and clarified before use. 

Persist e n tly infected c e 1 is. Con fluent 
monolayers of Balblc cells in 32-oz bottles 
were infected with RS virus at an input 
multiplicity of 1. The cells were incubated 
at 37” for 2 hr, rinsed, and refed with culture 
medium containing 2% FBS. Four days 
after infection, the cells showed no sign of 
syncytia formation or  microscopic viral 
cytopathology . These cells were removed 
with 0.1% EDTA in Hanks’ salt solution 
without magnesium or calcium, passaged 
into plastic T75 flasks (Costar, Bellco Glass 
Co., Vineland, N.J . ) ,  and designated 
BCHO1. After the BCHO1 cells had been 
passaged at biweekly intervals for 3 weeks, 
culture fluid from these cells was used to 
infect Balblc cells. Confluent monolayers of 
Balblc cells in T75 flasks were infected with 
3 ml of culture fluid from BCHO1 cells. 
These cells, designated BCH2, were pas- 
saged as described above. In a like manner, 
culture fluid from BCH2 cells was used to 
establish the BCH3 cell line, and fluid from 
BCH3 cells was used to establish the BCH4 
cell line. 

Results. The BCHO1 cells showed no 
morphologic sign of RS infection. Culture 
fluid was tested for infectious virus by 
plaque assay on HEp-2 cells and acetone- 
fixed cells were examined by indirect im- 
munofluorescence for the presence of viral 
antigens. Preliminary evidence indicated 
that the BCHOl cells were infected and 
were producing low levels (about 100 
PFU/ml) of infectious virus that formed 
normal syncytia on HEp-2 cells. 

Since RS virus has been adapted for 
suckling mouse brain (14), the culture of 
BCHO1 was continued in an attempt to 
further adapt the RS virus to growth in 
Balblc cells. This adaptation was ac- 
complished by sequentially passing the RS 
virus in Balblc cells. As the virus was 
adapted to Balblc cells, the character of the 
infection changed. BCHO1 monolayers are 
characterized by patchy areas of infection 
with elongated binucleated cells. The pat- 
tern of fluorescent staining is generally re- 
stricted to granules with some generalized 
staining (Fig. 1). In BCH4 monolayers the 
infection is more generalized. The pattern 
of large granule (RNP) staining is similar, 
but the pattern of smaller granule (“spike”) 
staining is less prominent, with a concom- 
mitant increase in generalized staining. 

The concentration of infectious virus in- 
creased from 100 to 1000 PFU/ml of culture 
fluid as the virus was passaged from BCHO1 
to BCH3 cells. No further increase in viral 
concentration was found with continued 
passage of the virus and further passage 
was not continued after the BCH4 cell line 
was established. 

The BCH4 cell line has been passaged 
over 50 times and continues to produce low 
levels of infectious virus. The percentage of 
infected cells has increased with passage 
until at present, cell monolayers consist 
predominantly (estimated to be 80%) of in- 
fected cells. Acetone-fixed BCH4 cells 
contain both RNP and “spike” antigen as 
do RS-infected HeLa cells (Fig. 2). RNP 
staining is characterized by variably sized, 
cytoplasmic inclusion bodies, while “spike” 
staining results in a diffuse pattern of fluo- 
rescence with small granules. Cells stained 
with the mouse anti-RS/HO display both 
types of staining. Live infected HeLa cells 
display “spike” staining on the cell sur- 
face but not RNP staining (15). Interest- 
ingly, however, live BCH4 cells display a 
large amount of granular RNP on the cell 
surface (Fig. 3). 

Discussion. A line of Balblc cells has 
been developed that is persistently infected 
with RS virus. This cell line contains a large 
percentage of cells that contain RS “spike” 
and RNP antigen in the cell and on the cell 
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FIG. 1 .  BCHOl cells at passage level 33 were seeded onto 9 x 22-mm coverslips in 35-rnm petri 
dishes. Two days later, the cells were fixed in acetone (13), incubated with mouse anti-RS/HO, rinsed, 
and then incubated with FITC-labeled goat anti-mouse y-globulin. The cells were examined in a Zeiss 
epifluorescence microscope. (a) Phase contrast; (b) fluorescence. x 400. 

membrane. These cells produce low levels 
of infectious virus that produce normal 
syncytia when grown in HEp-2 cells. The 
development of Balb/c cells persistently 

infected with RS virus should aid the study 
of RS in several ways. First a convenient 
and reliable source of RS antigen is now 
available for the development of assay 

FIG. 2. BCH4 cells at passage level 38 were grown as in Fig. 1. Suspension cultures of HeLa Ohio 
cells were infected at MOI of 1 with RS virus. Eighteen hours after infection, the cells were fixed with 
acetone and stained with the indicated antiserum. BCH4 cells stained with: (a) mouse anti-RS/HO, (b) 
rabbit anti-RNP, (c) rabbit anti-"spike." RS infected HeLa cells stained with: (d) mouse anti-RS/HO, 
(e) rabbit anti-RNP, (0 rabbit anti-"spike." x640. 
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FIG. 3. BCH4 cells were grown as in Fig. 1. HeLa 
cells were infected as in Fig. 2. Live cells were stained 
for surface fluorescence as described3 (12). BCH4 cells 
stained with: (a) mouse anti-RS/HO, (b) rabbit anti-RNP, 
(c) rabbit anti-“spike.” Infected HeLa cells stained 
with: (d) mouse anti-RS/HO, (e) rabbit anti-“spike.” 
Live, infected HeLa cells were negative when stained 
with rabbit anti-RNP. ~ 6 4 0 .  

systems for RS antibody. A solid-phase 
radioassay was developed using methanol- 
fixed BCH4 cells3 and has greatly facili- 
tated the screening of RS virus-specific 
hybridoma clones. Since RS virus is nor- 
mally grown in cells of primate or bovine 
origin, the possibility of host cell cross- 
reactivity is greatly diminished by using 
mouse cells in these assay systems. Al- 
though hybridomas specific for RS viral 
antigens have been successfully raised 
using RS infected HeLa cells as the im- 
r n ~ n o g e n , ~  the use of BCH4 cells should 
enhance the development of hybridomas to 
minor RS antigens since the mice will not 
react with the Balb/c cell components as 
they do with HeLa cell components. In 
fact, Balb/c cells were selected for their 
utility in a Balb/c hybridoma system, with- 
out regard for intrinsic sensitivity or resis- 
tence to RS infection (16). The mechanism 
of RS virus persistence in BCH4 cells has 
not been studied. The development of these 
cells differs from the development of per- 
sistently infected HEp-2 cells (17) in that 
the level of infectious virus increased with 
passage in Balb/c cells while it decreased 
with passage in HEp-2 cells. The presence 

and the lack of syncytia formation indicates 
the maturation process of RS in these cells 
is quite different from that of infected HeLa 
cells. While the presence of RNP is un- 
usual, it is not without precedent as viral 
matrix (18) and RNP (19) have been re- 
ported on the surface of influenza-infected 
cells. Further study of these cells should 
provide a better insight into the maturation 
process of RS virus and the presence or ab- 
sence of a distinct fusion protein. 
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