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Abstract: The spread of rabies virus between adjacent mouse neuroblastoma cells 

was inhibited in the presence of spleen cells from mice sensitized to rabies virus as measured 

by the size of fluorescent focus formation. This activity of focus size reduction was ap

peared to be closely related to the deVelopment of cell-mediated cytotoxic activity. Rabies 

virus inactivated by beta-propiolactone was also capable of generating such an activity as 

live virus. 

The role of cell-mediated immunity either in the recovery from primary rabies 
infection or in the postexposure immunoprophylaxis of rabies is poorly understood. 
Miller et at. (1978) have suggested the contribution of cell-mediated immunity in the 
recovery from rabies by demonstrating the potentiation of HEP rabies infection both 
in immunosuppressed and thymectomized mice. Kaplan et at. (1975) described 
similar observations. Recently, we have established the mouse model system by 
which the protection mechanisms of postexposure vaccination against rabies might 
be studied. The study has demonstrated that although interferon (IF), which is 
induced early after vaccination, is important, the postexposure prophylaxis of rabies 
cannot be elucidated simply by the IF nor neutralizing (NT) antibody produced by 
the vaccine and suggested the requirement of some other mechanisms including cell
mediated immunity (Mifune et at., 1980). 

Evidences indicating the development of cell-mediated immunity in rabies 
immunized animals have also been demonstrated by several in vitro and in vivo studies 
(Wiktor et at., 1974; Tignor et at., 1976; Wiktor et at., 1977; Lagrange et at., 1978; 
Tsiang & Lagrange, 1980). However, whether these cell-mediated immune re
sponses really playa role in the recovery or in the postexposure prophylaxis has not 
clearly been shown. Simmons et at. (1974) demonstrated that the in vitro control of 
the growth of herpes virus was quantified by determining plaque size in monolayers 
to which sensitized spleen cells were added as opposed to nonsensitized spleen cells 
and this method was a sensitive and more direct parameter to measure a cell-mediated 
immunity. 

Present paper briefly describes that this technique is applicable to rabies virus 
and immune spleen cells are capable of limiting the spread of virus in the infected cell 
cultures. 

C3HjHe strain mice were immunized by intraperitoneal inoculation with ap-
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proximately 5 X 107 focus forming units(FFU) of live or the corresponding amount of 
beta-propiolactone(BPL) inactivated REP-Flury strain of rabies virus (Kondo, 
1965; Mifune et al., 1980). Spleens were harvested from the mice at various intervals 
after immunization. They were pressed gently through stainless steel mesh (#200) 
and single cell suspensions were prepared in RPMI 1640 medium supplemented with 
10 per cent heat-inactivated fetal calf serum(FCS). The single cell suspensions were 
then fractionated into the cells nonadherent to plastic plate and the effluent cells 
from nylon wool column as described by Julius et al. (1973). Cloned N-18 strain of 
mouse neuroblastome(MNB) cells were grown in Dulbecco's modified Eagle's medium 
supplemented with 5 per cent FCS, 5 per cent calf serum, 3 gil of NaRCO; and 
antibiotics and was plated into Lab-Tek 4-chamber slides (Miles lab.). When the 
cells became confluent, they were infected with 100 FFU of plaque purified CVS 
strain of rabies virus (Buckley & Tignor, 1975) and incubated at 37°C for 4 hrs. 
Whole or fractionated spleen cells from non immune or immune mice were carefully 
overlayed onto the infected MNB cells at a spleen cell to monolayer cell ratio of 
50: I, and further incubated for 26 hrs at 3JOC. Preliminary experiments indicated 
that during the 30 hrs of incubation period, secondary fluorescent focus was not formed 
by the progeny virus from the primary infected focus. At the end of the incubation 
period, the culture media were harvested and the supernatants after low speed 
centrifufation were assayed for the activities of antiviral NT antibody, IF and lymp
hotoxin(LT) which might be produced in the co-cultivated culture. NT antibody 
was assayed as described by Smith et al. (1973) using CER cells (Smith et al., 1977), 
IF was assayed in L cells with vesicular stomatitis virus and LT was assayed as de
scribed by Shimizu et al. (1977) using L cells and MNB cells. On the other hand, 
infected MNB cells on the chamber slides were washed in phosphate buffered saline, 
fixed with cold acetone and then stained with FITC-conjugated anti-rabies globulin 
(BBL, #40604). The number of cells in each immunofluorescent focus was conuted 
under a fluorescent microscope. At least, one hundred fluorescent foci were examined 
and the statistical significance of the focus size reduction was estimated by the analysis 
of variance. 

Infected MNB cells co-cultivated with non-immune spleen cells (Fig. IA) showed 
large fluorescent foci, usually consisting of 5-20 cells, whereas when co-cultivated 
with immune spleen cells (Fig. IB), fluorescent foci were small, usually consisting of 
1-5 cells. 

The effect of immune spleen cells harvested on day 7 after immunization on the 
focus size of rabies virus was shown in Table I. The average focus size of the cultures 
co-cultivated with non-immune whole spleen cells was 6.2 cells, while that with 
immune whole spleen cells was 3.2 cells and the reduction rate of the focus size was 
48.4 per cent which was statistically significant (Exp. 1). Depletion of plastic plate
adherent cells from immune spleen cells did not influence the activity of immune 
spleen cells to limit focus size (Exp. 2). Effluent cells from nylon wool column 
consisted mostly of T cells as tested by rosette formation and this T cell-rich fraction 
also suppressed the virus spread by 47.3 per cent (Exp. 3). In contrast, pre-treatment 
of immune nonadherent spleen cells with anti-Thy 1.2 serum (OLAC, clone F7D5) 
plus complement before co-cultivation resulted in the abrogation of the activity 
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Figure 1 Immunofluorescent focus of rabies virus-infected murine neuroblastoma cells. The cells 

in the 4-chamber slides were infected with 100 FFU per chamber of plaque purified 

CVS strain of rabies virus. Four hours later, the cells were carefully overlayed with 

non-immune spleen cells or (B) rabies immune spleen cells and further incubated at 37 C 

for 26 hours. Aftert he incubation period, the cell monolayers were washed with PSB, 

fixed with cold acetone and stained with FITC-conjugated anti-rabies gamma-globulin. 

(Exp. 4). No significant inhibition of focus size was observed in the cultures co
cultivated with spleen cells from mice immunized with Sindbis virus (Exp. 5). In 
addition, neither NT antibody, IF nor LT was detected in each of the co-cultivated 
MNB cell culture medium. These results appear to suggest that the suppression of 
virus spread by immune spleen cells is mediated by virus specific immune T cells and 
not by the NT antibody, IF nor L T, 

The kinetics of the development of focus size limiting activity after immunization 
is shown in Table 2. High activity was observed in the spleen cells obtained on day 
6 after immunization. However, such high activity was no longer observed in the 
spleen cells harvested on day 14. In parallel with this experiment, cell-mediated 
cytotoxic activities of spleen cell suspensions prepared at intervals after immunization 
were examined against virus infected MNB cells by 51Cr-release method. T'he 
results showed that the cytotoxic activity was first detected on day 4 and reached a 
maximum level on day 7 and then declined to a low level by day 14 (Data not shown) 
as already described by us and other investigators (Tignor et at., 1977; Mjfune et 
aI., 1979). 

These results seemed to suggest that the suppression of virus spread by immune 
spleen cells is closely related with the development of the cytotoxic activity oOmmune 
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Table 1 Fluorescent focus size reduction by immune spleen cells in rabies virus-infected 
murine neuroblastoma cells. 

Expt. Effector cell population Fluorescent Reduction Ab, IF and 
focus sizea ) rate (%) LT assayb) 

Normal whole spleen cells 6.2 Ab(-) 

Rabies immune whole spleen cells 3.2 48.4 (SS)c) 
IF (-) 
LT (-) 

2 Normal non-adherent spleen cells 9.3 Ab(-) 
IF (-) 

Rabies immune non-adherent spleen cells 4.9 47.3 (SS) LT (-) 

3 Normal ,nylon wool column effluent cells 11.0 Ab(-) 
IF (-) 

Rabies immune nylon wool column LT(-) 
effluent cells 5.8 47.3 (SS) 

4 Rabies immune non-adherent spleen cells 6.6 Ab(-) 
treated with anti-Thy 1.2 + complement IF (-) 

Rabies immune non-adherent spleen cells LT (-) 
treated with medium+complement 2.1 68.2 (SS) 

5 Normal non-adherent spleen cells 7.9 
Sindbis virus immune non-adherent spleen NTe) 

cells 5.6 29.1 (NSS)d) 

a) Average number of cells an fluorescent focus consisted. 

b) Ab (NT antibody), IF (Interferon) and LT (Lymphotoxin) in cocultivated culture media 
were assayed as described in the text. 

c) Statistically significant, P<O.OI by analysis of variance. d) Not statistically significant. 

e) Not tested. 

Table 2 Development of fluorescent focus size reduction activity of spleen cells from mice 

immunized with live or BPL-inactivated rabies virus. 

Days spleen Fluorescent focus sizea ) Reduction cells harvested Effector cells Stimulant with rate after non-immune rabies immune 
immunization effector effector (%) 

6 nylon wool column live 14.1 6.0 57.4 (SS)b) 
effluent cells 

14 nylon wool column live 14.1 10.1 28.4 (NSS) c) effluent cells 

6 non-adherent BPL-inactivated 19.8 7.6 61.6 (SS) spleen cells 

14 non-adherent BPL-inactivated 19.8 12.3 37.8 (SS) spleen cells 

a) Average number of cells an fluorescent focus consisted. 
b) Statistically significant, P < 0.0 1 by analysis of variance. 

c) Not statistically significant. 

spleen cells. It should be noted that BPL-inactivated rabies virus is also capable of 
generating the activity of spleen cells to limit the virus spread as live virus. This 
observation might be of interest in terms of the possible role of cell-mediated Im
munity in the postexposure treatment of rabies by BPL-inactivated vaccine. 
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