
strain given intracerebrally. It may be mentioned that the histo- 
pathological lesions in the central nervous system of guinea pigs and 
mice that succumbed to infection with the virus isolated from the 
2 patients were more severe than those generally encountered in 
animals infected with the virus of choriomeningitis ;l not only an 
extensive chorionieningitis was present but also a true encephalitis. 

Ihe  occurrence of disease in all guinea pigs and most mice inoc- 
ulated with the human niaterial clearly indicated that the virus of 
cliorionieningitis had heen pi-cseiit in the inocula and that it had not 
lxcn encountered adyeiititiously. + In order to remove any doubt 
about this a 1)ortion o f  each tissue \\.as taken from storage at -70°C 
and after f rcsh suspensions had 1)eeli prepared they were again inoc- 
ulated into nornial guinea pigs or mice. The virus was reisolated 
and reidentified from each specimen. 

'I'he Yirus of lyiiipliocytic chorionieningitis was iso- 
lated froni thc tissues of two 1)atieiits \vho died following an undiag- 
nosed acute systemic disease. 

r 7  
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Morphological Structure of the Virus of Vaccinia 

J .  E. SM.II)EL, T. F. .isrmw)s* AM) K. H. GKEEN.~ 
Froin the Xlospiicil of The HocLcf(>llcJr lirstitute for Medical Research, New Pork, 

and the Rrscarrhp Luborniory of ilte BCA Man,ufacturing Go., Cumden, N . J .  

Elementary bodies of vaccinia which represent the infective unit 
of the disease' are relatively large. i. E . ,  235-250 mp" in diameter. 
They respond to osmotic influences.3 are antigenically ~ornp lex ,~  and 
possess certain chemical and hiologically active constituents in com- 
mon with bacteria and niammalian ~e1l.s.~ The virus of vaccinia, 

t The virus of lymphocytic choriomcniiigitis was also ivolated by Dr. R. S. 
Muckenfuss, of thc Dcpartmrnt of Hralth, Xew York City, from tissue of the 
second patient mentioned in this report. 

* RCA Fellow of the  Kational Kcsc~:irc.h Council. 
t Fellow in tho Nedical Rciciivcy of the N:ition:il Rcsearch Council. 
1 Gmadel, J. E., Rivers, T. M., and l'ickels, E. G., J .  E z p .  Me&., 1939, 70, 379. 
2 Pickels, E. G., and Smadel, J .  E., J. E x p .  M d . ,  1938, 68, 583. 
38made1, J. E., I'ickels, E. G., :ind Rhrdlovsky, T., J. Exp. Mad., 1938, 68, 607. 
4 Smadel, J. E., IIoaglnnd, C. L., and Rivers, T. M., J .  Bact., 1941, 41, 57. 
5 ( a )  Hoagland, C. I,., Smadel, J. E., and Rivers, T. M., J .  Exp. Med., 1940, 

71, 737; (b)  Hoagland, C. L., Ward, S. M., Smadel, J. E., and Rivers, T. M., PROC. 
SOC. EXP. BIOL. AND MFJ)., 1940, 45, (iti9; J .  Ezp. Mcd., 1940, 72, 6 8 5 ;  J .  E x p .  
Mcd., 1941, 74, 69, 133. 



therefore, might be regarded as a complex entity which more closely 
resembles bacteria than crystallizable plant viruses, differing from 
the former principally in respect to size and growth requirements ; 
only Jiving cells are capable of serving as an adequate culture me- 
dium, because it appears that the elenientary bodies lack certain 
enzyme systems essential for independent growth and metabolism. 
In an attempt to detect niorphdogical structure in the elementary 
bodies of vaccinia, preparations of the virus were examined by 
iiic'ans of the RCA electron microscope.G 

The present studies show that elementary bodies of vaccinia pos- 
sess a definite and characteristic structure. In gerw-al their shape 
is roughly comparable to that of a brick; they are almost rectangular 
when viewed both from above and from the side. Furtherniore, S 
circuniscribecl areas of increased density are found in the bodies. 
These appear as dark disks in the niicrographs and the arrangement 
o f  the 5 is similar to the spots on dice. Prior to our realization of 
the iniportance of rewashing stored preparations of virus' imnie- 
diately before exanhat ion in the electron microscope different re- 
stilts were obtained. The particles appeared somewhat oval rather 
than rectangular and were uni fornily opaque ; these pictures were 
similar to those obtained previously by others.7 -4pparently under 
these conditions sufficient protein was adsorbed on the surface of 
the particles to scatter almost all of the electrons in the electron beam. 
This protein in stored suspensions of virus probably appears during 
the course of spontaneous disintegration of a certain number of 
elementary bodies, sitice a few ghosts are found in all preparations, 
and this material is removed from tlie bodies by washing. 

Alkaline treatment of elementary bodies liberates a nucleoprotein 
antigen from the particles without completely clissolving them.4 
Electron micrographs of films of elementary bodies treated with 
N/SO NaOH for % minute show that certain changes have occurred. 
Some of the bodies are swollen and show rounded outlines and in- 
distinct edges. Their substance is less dense, resulting in an accen- 
tuation of the areas of condensation. Extraction with N/10 NaOH 
for 10 minutes lakes the virus particles almost completely and even 
the condensed areas have practically disappeared. Certain of the 
ghosts formed in this manner present gaps in their surfaces through 
which in some instances internal substances stream forth. 

Control materials, consisting of supernatant fluid from which virus 
had been sediniented and of particles from normal kidney cells ob- 

(;Zwor.ykin, V. K., Hillicr, .T., and Vance, A. W., Elec. Eng., 1941, 60, 157. 
5 von Borries, B., Ruska, E., and Rusks, €I., X l i ? ~  Woch., 1938, 17, 921. 
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tained by the method of differential centrifugation identical with that 
used for the virus of vaccinia, contained no structures which reseni- 
bled elementary bodies. The present observations indicate that the 
elementary body of vaccinia has a morphological structure similar 
in some respects to that of bacteria'' and different froni that of 
plant v i r ~ s e s . ~  

S z ~ ~ ~ i i w r j ~ .  The ~)ictorial dxtn obtaiiicd by means of the electron 
microscope diow a rcniarkal)k rcgiilarity in the morphology of ele- 
nieiitary h l i c s  of vaccinia. The virus particles apparently have 
an internal structure. mcl  sonic sort o f  liiniting tiicnibraiie. 
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Experiments on Transfer of Cutaneous Sensitivity to Simple 
Compounds. 

In the course o f  esperinicnt 5 to passiively transfer skin sensitive- 
ness to siniple conipoiiiids an attempt was niade to induce sensitivity 
by injecting peritoneal exudates froni sensitized animals. Guinea 
pigs were rendered sensitive to picryl chloride in the manner pre- 
viously described,l using conjugates (guinea pig stroniata treated 
with picryl chloride) in cot1 junction with intraperitoneal injections 
of killed tul)erclt. hacilli. To 1)roduce exudates, killed tuliercle bacilli 
(or tuherculiii) were injected iiitraperitoneally about 3 weeks from 
the beginning of the treatment, when substantial ttihcrculin hyper- 
sensitivity was established. 

On injecting such exudates iiitrap"rit"iiea1ly into iiornial animals, 
the recipients in most of the cxperirnents were seen to develop sen- 
sitivity to picry1 chloride; whcti then a drop of an oil solution of the 
substance was put on the skin, erytheniatous reactions, mostly of 
high color, were apparent on the next day. The phenomenon was 
found to be due not to the clarified fluid but to the sediment obtained 
upon centrifugation. Among the possible explanations. an active 

8 (:I) Mudd, S., niid L:ickm:in, D. n., J .  Boct . ,  1941, 41, 415; (b) Morton, H. E., 

9 (a)  Anderson, T. F., and Stanley, W. M., J .  Bid.  Chem., 1941, 139, 339; (b) 

1 J,:indstcinc~r, K., and Chnsc, 31. W.. ,7. E i p .  M ( d . .  1941, 73, 431. 

and Anderson, T. F., Prtoc. SOC. EXP. RIOL. AND MED., 1941, 46, 277. 

Kausclic, G. Pfankuch, E., 2nd Ruska, II., A'nturwissmsch., 1939, 27, 292. 


