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Abstract: Twelve established cell lines including 7 mouse-derived cell lines and 

primary chick embryo fibroblast cells were examined for their susceptibility to rabies 
virus. The results indicated that, in addition to CER cells and BHK-21 cells, murine 

neuroblastoma cells and human neuroblastoma cells (SYM cells) are highly permissive to 

infection with both fixed and field rabies strains and suggested the usefulness of these 
neuronal cell lines in various immunologic aspects of rabies studies in which histocompati

bility requirements playa significant role. 

INTRODUCTION 
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Rabies virus has been successfully propagated in many tissue culture systems 
in the past (Kissling, 1958; Wiktor et at., 1964; Kondo, 1965; Diamond, 1967; Hum
meler et at., 1967; Sedwick and Wiktor, 1967; Wiktor et at., 1969). These include 
primary cell cultures such as hamster kidney cells and chick embryo fibroblast cells, 
and human diploid cells which have been used mainly for the purpose of vaccine 
production (Kissling, 1958; Wiktor et at., 1964; Kondo, 1965; Wiktor et at., 1969; 
Grandien, 1977). Of established cell lines, BHK-21 cells and their sub lines have 
been used by several investigators for the production of high yields of virus (Sokol 
et at., 1968, 1969; Schneider et at., 1971; Cox et at., 1977; Kawai and Matsumoto, 
1977). CER cells, recently established by Dr. Motohashi, Japan, have also been 
demonstrated to be highly permissive to rabies virus infection and to have a potential 
for isolation offield strains of rabies virus (Smith et at., 1977, 1978). 

One aspect of the search for susceptible cells in tissue culture systems is to de
velop appropriate tissue culture cells for use in in vitro tests of immunological respon
siveness to rabies in laboratory animals and in human. In these sorts of studies, it 
has been demonstrated that a histocompatible system (H-2 in the mouse) is required 
for the full expression of the interaction between immune lymphocytes and the 
virus-infected target cells (Doherty and Zinkervagel, 1975). The present study was 
initiated to examine the susceptibility of mouse-derived cell lines to rabies virus, with 
the ultimate goal of studying the immunological responses to the virus in mice. In 
addition, some commonly used cell types derived from other animals were simultane
ously tested for permissiveness to the virus. 
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MATERIALS AND METHODS 

Virus: Three strains of rabies virus were used. The HEP-Flury strain of rabies 
virus was supplied by Dr. Kondo, National Institute of Health, Tokyo, Japan, and 
used at passage levels of 106 to 111 in chick embryo fibroblast cells. HEP-Flury of 
2nd to 3rd passage level in CER cells was used in some experiments. The mouse 
brain-adapted CVS strain was used as a 10 per cent infected mouse brain suspension 
at the 56th passage level. In some experiments, the CVS strain, plaque-cloned in 
Vero cells (Buckley and Tignor, 1975) obtained from Yale Arbovirus Research 
Unit (YARU), Yale University, was used after one additional passage in murine 
neuroblastoma cells. The 1088 rabies strain, originally isolated from a woodchuck 
by the Center for Disease Control, U.S.A., was obtained from YARU and used at 
the 3rd passage level in suckling mouse brain. 
Cells and culture media: Seven mouse-derived cell lines and 6 cell cultures derived from 
other animals (5 continuous lines and primary chick embryo fibroblasts) were tested 
for their susceptibility to rabies virus. Growth media for these cells were shown in 
Table 1. After virus infection, the percentage of heat-inactivated fetal calf serum 
was reduced to 2 or 5 per cent. 

Table 1 Cell lines tested for susceptibility to rabies virus 

Mouse-derived Other animal-derived 

Cell 

L 

L 1210 

L 5178Y 

Neuroblastoma 
(N-18) 

Growth medium Cell 

Eagle MEM + 10% FCSal Vero 

RPM! 1640 + 20% FCS BSC-I 

RPM! 1640 +20% FCS BHK-21 

Dulbecco's modified CER 
Eagle MEM + 10% FCS 

SR-CDFI-DBTbl Eagle MEM+ 10% FCS 
(glioma) 

SYMcl 
(Human neuro
blastoma) 

Mastocytoma 
(P-815) 

Ehrlich ascites 
tumor 

Eagle MEM + 10% FCS CEFdl 

Eagle MEM + 10% FCS 

Growth medium 

Eagle MEM + 10% FCS 

Eagle MEM + 10% FCS 

Eagle MEM-Hanks salts 
+10% FCS 

Eagle MEM+ 10% FCS 

1/2 Eagle MEM 
+ 1/2 RPM! 1640 
+20% FCS 

Eagle MEM-Hanks salts 
+ 10% FCS 

a) Heat-inactivated fetal calf serum. All culture media contained antibiotics. 
b) Established by Dr. T. Kumanishi (1967), Tokyo University, Japan. 
c) Established by Dr. M. Sekiguchi (personal communication), Tokyo University, Japan. 
d) Primary chick embryo fibroblast cells. 

Parameters of susceptibility: Infection of the cells with virus was carried out in the 
presence of 50 pg/ml of DEAE-dextran for 1 h at 37 C. Infected cultures were then 
refed with maintenance media or overlay media and incubated at 37 C. At least 
2 tests using the following parameters were performed to examine permissiveness. 
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a) Fluorescent antibody staining. The cells capable of adhering to glass were cultured 
in 4-chamber Lab-Tek chamber slides (Lab-Tek Products, Miles Laboratories, 
Naperville, Ill.) and infected at a multiplicity of infection (MOl) of approximately 
0.1 focus forming unit (FFU) /cell and incubated in a 5% CO2 incubator. Other 
cells not capable of adhering to glass were packed by low speed centrifugation and 
infected at an MOl of 0.1 FFU /cell. The cells were then transferred to test tubes 
at appropriate cell densities and incubated. 

On days I, 2, 3 and 4 after infection, these cells were examined for cytoplasmic 
fluorescent antigens using anti-rabies virus FITC-Iabelled goat serum. The percent
age of cells containing specific cytoplasmic fluorescent antigens was determined by 
examining at least 300 cells. The amount of cytoplasmic fluorescent antigens in the 
cells was estimated as large, intermediate and minute, respectively, depending on 
the relative size and distribution of inclusions in the cells. 
b) Cytopathic ~fJect. Monolayers in culture flasks and suspension cultures in test 
tubes, both infected with virus at a MOl of 0.1 FFU /cell, were observed for visible 
cytopathic effect under an inverted microscope for 8 days. 
c) Plaque formation. The ability of some cells to support plaque formation was also 
tested in certain cell lines. The procedures were essentially the same as those de
scribed by Yoshino et al. (1966) except that calf serum and agar in the overlay were 
replaced by heat-inactivated fetal calf serum and 2% Sephadex G-200 (Schneider, 
1973), respectively. Infected cultures were observed for plaques for 8 days. 
d) Hemadsorption-negative (HAD-) plaque formation. This was done as described by 
Makino and Mifune (1975) for dengue virus assay. 
e) Persistent infection. To examine if the percentage of fluorescent antigen-positive 
cells increased during subcultures, the cultures infected with virus at a MOl of 
0.1 FFU /cell were refed with growth medium and subcultured 4 times at an inter
val of 5 to 7 days with a split ratio of 1 to 4. At the time of subculture, the per
centage of fluorescent antigen-positive cells in a culture was determined as described 
before. The cultures which contained no cells with cytoplasmic fluorescent antigens 
at the 2nd and the 4th subculture levels were considered to be "cured". 
f) Virus yield. Monolayers of susceptible cells in culture flasks were infected with 
virus at a MOl of 0.1 FFU /cell and incubated for 4 days. The cultures were frozen 
and thawed 3 times and the supernatant was assayed for infectivity after low speed 
centrifugation. Infectivity of the virus was assayed in CER cells by the fluorescent 
focus formation method using 4-chamber Lab-Tek chamber slides as described by 
Smith et at. (1977). 

RESULTS 

Of seven mouse-derived cell lines tested, neuroblastoma cells were most sensitive 
to all strains of rabies virus tested. By fluorescent antibody staining, almost all of 
the N18 cells contained large, widely spread fluorescent antigens by day 4 after 
infection even with a field rabies strain (1088), and persistent infection could be 
readily established. In contrast, SR-CDFI-DBT cells and Ehrlich ascites tumor 
cells were sensitive only to the tissue culture-passaged, attenuated HEP-Flury strain 
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of rabies virus. Susceptibility of other cell lines derived from the mouse was found 
to be very low (Table 2). 

Table 2 Susceptibility of mouse-derived cell lines to rabies virus as determined by fluo

rescent antibody staining, CPE induction and ability to support virus growth 
during subculture 

Virus strain 

Cell CVS 
1088 (mouse brain- HEP-Flury 

passaged) 

L FAa) 0-2b) (M)c) 0-2 (M) 0-2 (M) 
CPEd) 

Persistent infection cure cure cure 

L 1210 FA 20-30 (M) 20-30 (M) 15-35 (M) 

CPE 

Persistent infection cure cure cure 

L 5178 Y FA 10-20 (M) 10-20 (M) 10-20 (M) 

CPE 

Neuroblastoma FA 95-100 (L) e) 95-100 (L) 95-100 (L) 

(N-18) CPE ± ± 
Persistent infection yes yes yes 

SR-CDFI-DBT FA 
N.D.g) 

0-2 (M) 80-90 (I)fl 

(glioma) CPE 

Mastocytoma FA 0-0.1 (M) 0-0.1 (M) 0-0.1 (M) 

(P-815) CPE 

Ehrlich asCites FA 0-2 (M) 80-95 (L) 
N.D. 

tumor 'CPE 

a) Fluorescent antibody staining. 
b) Per cent of fluorescent antigen containing cells on day 4 after infection in 3 experiments. 

c) Minute, pinpoint like antigen. 

d) Cytopathic effect. 
e) Large, widely spread antigen masses in the cells. 

f) Intermediate antigen. 

g) Not done. 

Cell lines derived from other animals appeared, in general, to be more permissive 
to rabies virus infection than were the mouse-derived cells, and it was difficult to 
compare the susceptibility to rabies virus among these cell lines. CER and SYM 
cells, however, had the capacity to replicate the 1088 strain to almost the same degree 
as the fixed rabies strains as determined by fluorescent antibody staining, and the 
infection of CER cells could be successfully maintained in serial subcultures (Table 3). 
Vero and BSC-I cells were sensitive only to fixed rabies strains (CVS and HEP-Flury 
strains) by fluorescent antibody staining but produced lower yields of the virus as 



Table 3 Susceptibility of non-mouse-derived cell lines to rabies virus as determined by 
fluorescent antibody staining, CPE induction, plaque and HAD- plaque for
mation and ability to support virus growth during subculture 

Cell 

Vero 

BSC-l 

FAa) 
CPE 
Plaque 

1088 

5-10b) (M)C) 

Persistent infection cure 

FA 
CPE 
HAD- plaque 

5-10 (M) 

--------------------- -----------------
BHK-21 

CER 

SYM (Human 
neuroblastoma) 

FA 20-25 (I) 

CPE 
Persistent infection yes 

FA 
CPE 
Plaque 
HAD- plaque 

50-100 (I) 

Persistent infection yes 

FA 
CPE 

FA 
CPE 
Plaque 

65-75 (I) 

a) Fluorescent antibody staining. 

Virus strain 

CVS 
(mouse brain- HEP-Flury 

passaged) 

80-90 (I)d) 80-90 (I) 

+ + 
+ 

yes yes 

50-75 (I) 50-75 (I) 

+ + 
95-100 (L)e) 95-100 (L) 

+ ± 
yes yes 

95-100 (L) 95-100 (L) 

+ 
+ 
+ + 

yes yes 

95-100 (L) 95~100 (L) 

± ± 
30-50 (I) 95-100 (L) 

± 
+ 

b) Per cent of fluorescent antigen containing cells on day 4 after infection in 3 experiments. 
c) Minute, pinpoint like antigen. 
d) Intermediate antigen. 
e) Large, widely spread antigen masses in the cells. 
f) Primary chick embryo fibroblast cells. 

g) Not done. 
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compared with those of CER and BHK-21 cells (Table 4). BSC-l cells were shown 
to be useful for the infectivity assay of fixed strains of rabies virus. Vero cells and 
CER cells permitted plaque formation by the CVS strain of rabies virus. 

Virus yields from a limited number of susceptible cell lines are shown in Table' 4. 
In general, tissue culture-passaged rabies virus grew to higher titers than did mouse 
brain-passaged rabies virus. Among these cel~ lines, murine neuroblastoma cells 
and CER cells supported replication of tissue culture-passaged CVS rabies to the 
highest titers. The highest yields of HEP-Flury virus were obtained in GER cells 
and CEF cells. 
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Table 4 Rabies virus yields from susceptible celllinesa ) 

Virus strain 

Cell CVS CVS 
(mouse brain- (plaque-purified murine HEP-Flury 

passaged) neuroblastoma-passaged) 

Murine neuroblastoma (N-IB) 5.3b) B.O 5.9 

Vero 3.6 6.4 5.B 
BSC-l 3.2 N.D.c) 5.0 

BHK-21 5.0 7.0 6.3 

SYM (Human neuroblastoma) 5.5 7.2 N.D. 

CER 5.7 7.7 7.3 
CEFd) N.D. N.D. 7.3 

a) Monolayers in culture flasks were infected with virus at an MOl of 0.1 FFU/cell and incu
bated at 37 C for 4 days. The cultures were frozen and thawed 3 times and supernatant 

fluid was assayed for infectivity after low speed centrifugation. 

b) Log10 FFU/ml. 

c) Not done. 
d) Primary chick embryo fibroblast cells. 

DISCUSSION 

Murine neuroblastoma cells, which were derived from an A strain mouse and 
which express some neuronal characteristics in culture, were demonstrated to have 
the greatest susceptibility to rabies of the mouse-derived cell lines tested in this study. 
Since these c~lls permit expression of antigen on the surface after infection with both 
fixed and street rabies virus, they have been recently chosen as target cells by us 
(Mifune and Tignor, in press) and others (Wiktor et ai' J 1977) in the in vitro studies 
of iinmunological responses of rabies in mice. In addition, these cells have potential 
for isolation of field rabies strains (Smith et ai., 1978) and provide a system in which 
to examin:e the interaction between field rabies strains and neuronal cells. 

The susceptibility of L cells and mastocytoma cells derived from C3H mouse and 
DBA mouse, respectively, was shown to be very low. The high susceptibility of CER 
cells to rabies virus including field strains was first described by Smith et ai. (1977). 
In this study, further and comparative observations were made with some other cell 
lines regarding their susceptibility to the virus. The results showed that, in addition 
to CER and BHK-21 cells, SYM cells derived from a human neuroblastoma are 
highly susceptible to both fixed and field rabies strains and might be a useful cell line 
for the immunological studies of human rabies which might require a histocompatible 
system in the assays. 

ACKNOWLEDGMENTS 

A part of the present study was 'undertaken in collaborations with Drs. A. L. 
Smith, G. Tignor and R. E. Shope of Yale Arbovirus Research Unit, Yale University. 



207 

The authors wish to express sincere thanks for their help and suggestions. The 
authors also acknowledge the supply of SR-CDFI-DBT cells and SYM cells from 
Dr. Aoyama, Institute for Medical Science, Tokyo University and support by the 
research grant No. 248169 from the Ministry of Education, Science and Culture of 
Japan. 

REFERENCES 

1) Buckley, S. M. and Tignor, G. H. (1975): Plaque assay for rabies serogroup viruses in Vero 

cells, J. Clin. Microbiol., 1, 241-242 
2) Cox, J. H., Dietzschold, B. and Schneider, L. G. (1977): Rabies virus glycoprotein. II. Bio

logical and serological characterization, Infect. Immun., 16, 754-759 
3) Diamond, L. (1967): Two spontaneously transformed cell lines derived from the same hamster 

embryo culture, Intern. J. Cancer, 2, 143-152 
4) Doherty, P. C., Zinkervagel, R. M. (1975): H-2 compatibility is required for T-cell-mediated 

lysis of target cells infected with lymphocytic choriomeningitis virus, J. Exp. Med., 141,502-507 
5) Grandien, M. (1977): Evaluation of tests for rabies antibody and analysis of serum responses 

after administration of three different types of rabies vaccines, J. Clin. Microbiol., 5, 263-267 

6) Hummeler, K., Koprowski, H. and Wiktor, T. J. (1967): Structure and development of rabies 

virus in tissue culture, J. Virol., I, 152-170 
7) Kawai, A. and Matsumoto, S. (1977): Interfering and noninterfering defective particles 

generated by a rabies small plaque variant virus, Virology, 76, 60-71 

8) Kissling, R. E. (1958): Growth of rabies virus in non-nervous tissue culture, Proc. Soc. Exptl. 

Biol. Med., 98, 223-225 
9) Kondo, A. (1965): Growth characteristics of rabies virus in primary chick embryo cells, Vi

rology, 27, 199-204 
10) Kumanishi, T. (1967): Brain tumors induced with Rous sarcoma virus, Schmidt-Ruppin strain. 

I. Induction of brain tumors in adult mice with Rous chicken sarcoma cells, Jap. J. Exp. Med., 

37,461-474 
11) Makino, Y. and Mifune, K. (1975): Sensitivity of rapid plaque assay method of dengue viruses, 

Trop. Med., 16, 163-170 

12) Mifune, K. and Tignor, G. H. (in press): Cytotoxic activity of peritoneal exudate cells from 

mice immunized with rabies virus, Infect. Immun. 
13) Schneider, L. G., Horzined, M. and Novicky, R. (1971): Isolation of a hemagglutinating, 

immunizing, and non-infectious subunit of the rabies virus, Arch. ges. Virusforsch. 34, 360-370 
14) Schneider, L. (1973): Cell monolayer plaque test. in Kaplan, M. M. and Koprowski, H. 

Laboratory Techniques in Rabies, World Health Organization, Geneva, pp. 339-342 

15) Sedwick, W. D. and Wiktor, T. J. (1967): Reproducible plaquing system for rabies, lymphocytic 

choriomeningitis, and other ribonucleic acid viruses in BHK-2IjI3S agarose suspensions, J. 
Virol., I, 1224-1226 

16) Smith, A. L., Tignor, G. H., Mifune, K. and Motohashi, T. (1977): Isolation and assay of 

rabies serogroup viruses in CER cells, Intervirol., 8, 92-99 

17) Smith, A. L., Tignor, G. H., Emmons, R. W. and Woodie, J. D. (1978): Isolation offield rabies 
virus strains in CER and murine neuroblastoma cell cultures, Intervirol., 9, 359-361 

18) Sokol, T., Kuwert, E., Wiktor, T. j., Hummeler, K. and Koprowski, H. (1968): Purification of 

rabies virus grown in tissue culture, J. Virol., 2, 836-849 
19) Sokol, F., Schlumberger, H. D., Wiktor, T. j. and Koprowski, H. (1969): Biochemical arid 

biophysical stlldies on the l1ucleocapsid and on the RNA of rapies virus, Virology, 38, 651-665 



208 

20) Wiktor, T. j., Fernandes, M. V. and Koprowski, H. (1964): Cultivation of rabies virus in human 
diploid cell strain WI-38, ]. ImmunoI., 93, 353-366 

21) Wiktor, T. j., Sokol, F., Kuwert, E. and Koprowski, H. (1969): Irtmlunogenicity of con
centrated and purified rabies vaccine of tissue culture origin, Proc. Soc. ExptI. BioI. Med., 131, 
799-805 

22) Wiktor, T.]., Doherty, P. C. and Koprowski, H. (1977): In vitro evidence of cell-mediated 
immunity after exposure of mice to both live and inactivated rabies virus, Proc. NatI. Acad. Sci., 
74, 334-338 

23) Yoshino, K., Taniguchi, S. and Arai, K. (1966): Plaque assay of rabies virus in chick embryo 
cells, Arch. ges. Virusforsch., 18, 370-373 

7 f*0)~ t7 A iii **-IUlttffUIB~f* a:~U120)fMB~f* c ;jI}Jf\:;li~t:i%fMB~I["'? \() -C, ffjOi~ t7 1 )VA !1: 

M"t" ~ ~~t':E a:~M L t:f.li*, c: t1"i -cfll*O)d:, -:> t: CER fMB~ ~ ; U!1: BHK-21 fMB~O) flk 1[, ~ 

t7 A :Ml~*fMB~lJI.;to J:. U t r :Ml~:}ffMB~D1 (SYM fMB~) iii *0) *HI~ir~, ff*m t7 1 )V A 0) fi!ilJE# ~ 
; rJ ICfij l:#I[ iWj\()~~t':E a:~ L, ~ t7 A;(o J:. U t r 1[;(0 vt ~ ff*mO)UJf~, ~I[, *Il*l:il*tfL!J1-O) 
:il*t':Ei1~~~ ~ ~m:~a9UJf~I[, c: t1; O)fMB~i1~~1It !(;flffl -C d:, ~ c: C i1~~~~ tLt:o 

·-1 ~f/Iitf*~~1ff~$lifF~P.JT?1jvA$$r~ -2 .;f%*~lIl1J!I?lJ~13'tPJT, *~Jt~ 
--3'JtifiJ\~jj<1t:*Jf~l4*~~~!I?lJ~~& (lIBf[J55 $bU~) 


