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Viral Subunits for Rabies Vaccination 
RECENT work with adenovirus', Sindbis virus• and the 
viruses causing influenza3, measles•, vesicular stomatitis5 

and German measles• has shown that subunits of the 
viruses . can stir~mlate the production of neutralizing 
antibodies, and m some cases can be used as vaccines. 
Subunits are usually present in unfractionated virus 
preparations and in the case of the lipid-containing viruses 
can also be produced from complete virus particles by 
treating with 'Tween' -ether or a detergent, for example, 
sodmm deoxycholate or sodium dodecyl sulphate. The 
use of subunits for immunization has the important 
advantage that it avoids the side effects from other com
ponents of the virus. W e report here preliminary experi
ments with rabies virus in which subunits separated from 
virus suspensions were shown to be potentially useful 
for protection against the disease. 

The Flury (LEP) strain of virus was used for all the 
experiments. Both the virus and the mice used in the 
test~; were free from lymphocytic choriomeningitis virus. 
A suspension prepared from the brains of suckling mice 
infected with Flury virus was inactivated by incubating 
with 0·05 per cent acetylothyleneimino at 37° C for 7 h. 
Virus inactivated by this m ethod was innocuous for 7 
days old mice when inoculated intracerebrally. Samples 
of 1 ml. of serial five-fold dilutions were then inoculated 
intraperitoneally into 8 weeks old mice. The level of 
neutralizing antibody in the sera at various intervals 
after a single inoculation was determined by m easuring 
the reduction in titre in suckling mice produced by mixing 
serial ten-fold dilutions of rabies virus with an equal volume 
of inactivated I /I 0 serum. The neutralizing antibody 
titre reached a plateau 14 days after inoculation and was 
roughly proportional to the amount of antigen in the 
inoculum up to the dose containing the equivalent of 
106

• 3 ID50 • With larger doses the response did not in
crease (Table 1}. By titrating the virus in groups of 
8 weeks old mice which had received serial dilutions of 
inactivated virus we also found a correlation between the 
neutralizing antibody level of the serum and resistance 
to infection (Table 1). These results indicate that tho 
neutralization test provides a sensitive and valid measure 
of imrnunogenicity. Consequently, we have used this 
test in preference to the HabeP test for m easuring 
the potency of our preparations. Our method has the 
advantage that only a single inoculation is necessary to 
give a measurftble response whereas in the Habel test 
multiple doses of the vaccines are inoculated before tho 
animals are challenged with live virus. 

Table 1. RELA'l'ION BETWEEN DOSE OF RAlliES VACCDfE, NEUTRAMZING 
AN'l'IBODY LEVEl, AND RESISTANCE TO CHALI.ENGE IN ADULT MICE 

Titre of Titre of 
Dilution inoculum before Antibody titre in individual challenge 

of inactivation mice 23 da;vs after inoculation virus 
vaccine (log ID,Iml.) (log ID5010·015 ml. 1110 serum) (log lD,.Iml.) 
1/1 
115 
1i25 
1/125 
1/625 
Control 

7·0 3·5 3 ·0 3·9 3·5 2·8 
6·3 3·9 3·0 3· 7 4·0 2·5 
5·6 1·7 2·5 2·7 3·1 3·5 
4·9 0·5 0·5 1·7 2·7 3·5 
4·2 0·7 0·3 0·5 1·3 4·8 

0·2 0·4 0·4 4·8 

To determine whct.her vira l subunits would elicit a n 
irnrnune response, a virus suspension prepared from 
suckling mouse brains was centrifuged for 2 h at 15,000 
r.p.m. in the 40 rotor of the Spinco model L centrifuge. 
The top 9 mi. was first removed, then the bottom 2 ml., 
taking care not to disturb the p ellet. The resuspended 
pellet and each fraction were diluted to the original 
volume of II ml. Aliquots of the unfractionated virus and 
of each fraction were inactivated with acetylethyleneimine 
and serial dilutions were inoculated intraperitoneally 
into 8 weeks old mice. The virus neutralizing activities 
of the sera of the mice after 21 days (Table 2) showed that. 
the immunizing activity in the supernatant fractions of 
the virus was considerably greater than would be expected 
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from the amount of virus they contained. Van den Endc, 
Polson and Turner8 also found that the 15,000 r.p.m. 
supernatant from mouse brain suspensions elicited the 
formation of neutralizing antibodies in mice, but they 
attributed this imnHmogenic activity to r<:'sidual infective 
virus. 

Table 2. PRODFCTION O~· NEUTRALIZIXG A!I'TIBODY IS ADULT 311 < E BY 
ISOCt;L.\.TISG FRACTIONS OF INACTIVATED RABIE~ VIRl' S 

Dilution 
of 

inoculum 

1/1 
115 
1/25 
1/125 

l.:nfractionated 15,000 rev I 
virus min. deposit 
(10'"' (10'"' 

JD,,,Iml.) ID,. /ml.) 

3·7 
3·3 
3·5 
1·5 

3·6 
3·8 
3·2 
2·1 

Top 9 mi. of 
supernatant 

(10'"' 
JD.,/ml.) 

1· 7 
l ·H 
O·H 
0 ·6 

nott om ~ ml. 
ufsupern<lf.itnt 

(10'"' 
ID5.,fm1.) 

~·. 
2·.-) 
0-:l 
{J·!) 

The figures in parentheses refer to the infectiv ity of the virus and fra,;tions 
bef?r~ in.activation with 0·05 per cent acet:;Jethyleneimine. The neutralizing 
activit:; IS the avcra.gc of 4 sera in each group and is expressed as th<: activity 
in 0·015 mi. of 1/10 serum. 

Fractionation of virus suspensions by centrifugatrou in 
sucrose gradients provided evidence that material smaller 
than the complete virus particle protected mice against 
challenge. In addition, suspensions which had lJcen 
treated with 'Tween'-ether and the residual infectiYitv 
inactivated with aeetylethyleneimine produced neutrali;
ing antibody levels in mice which were much higher thftn 
could be accounted for by the residual Yirus. 

These experiments provide evidence that material 
smaller than the complete virus particle may be potentially 
useful in rabies vaccination. 

We thank Dr A. C. Allison for virus seed and Mr H. H. 
Skinner for mice free from lymphocytic choriomeningitis 
virus and for showing that our rabies Yirus was a lso free 
from this agent. 
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Spontaneous ''Secondary" Disease 
in Germfree AKR Mice 
DISEASES which develop in gnotobiotic (germfree) mice 
reflect defects in the nutritional , genetic or microbial 
status of the host. Three viral agents ha.ve been detec ted 
so far in germfree mice, and these appear to be passed t.o 
their progeny by congenital rouie(s). All mouse s trains 
carry leukaemia virus', some strains carry m annnnry 
tumour virus2 and one strain carries lymphocytic ehorio
meningitis (LCM) virus 3 • Except for these, germfree mice 
are free of bacteria, f1mgi and parasite's. They are referred 
to here as germfree, on tho understanding that thr,y ctr<' 
not free of virus. Spontaneous lymphatic leukaPmia 
develops only in the AKR strain: in otlwr strains (TiallJ/C, 
ICR, CFW, C3H, Swiss- Webster and C"r>7 BL) lymphatic 
leukaemia must be elicited by whole body expo~ure to 
X-rays4 • 5 • Germfree mice of the AKR strain develop 
the same type and incidence of spontaneous lymphnt ic 
leukaemia as the conventional stock from "·hich they "-ere 
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