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Fig. 4. Metaphase plate of somatic cell from spleen of E. schistosa 
female showing secondary constriction in 1 of the chromosomes of 
pair 1. x 2000. 

Fig. 5. Interphase nuclei of E. schistosa female from kidney showing 
single W chromatin body. • 2000, 

c h r o m o s o m e  m e c h a n i s m .  T h e  only  pub l i c a t i on  on  t h e  
ch romosomes  of sea snakes  is t h a t  of NAKAMURA 4, who 
s tud ied  on ly  t he  males  of Laticauda semi/asciata w i t h  t h e  
he lp  of classical  t echn iques  and  repor ted  38 as t he  d ip lo id  
n u m b e r  in  t h a t  species. A n u m b e r  of species of sea snakes  
h a v e  now been  col lected b y  us a n d  our  p r e l i m i n a r y  
obse rva t ions  revea l  t h a t  mu l t i p l e  sex c h r o m o s o m e  complex  
of t he  k ind  descr ibed  here  is qu i te  widespread  in  H y d r o -  
phi idae ,  specia l ly  in t he  genus  Hydrophis. A fuller  a c c o u n t  
of t he  ch romosomes  of al l  t h e  species, t o g e t h e r  w i t h  t h e  
p r o b a b l e  m e c h a n i s m  of t he  or ig in  of mul t ip le  m e c h a n i s m ,  
will be t he  sub jec t  of a fu tu re  c o m m u n i c a t i o n .  

The  W c h r o m o s o m e  in snakes,  w h e n e v e r  i t  is d i s t in -  
gu i shab le  f rom t h e  Z e i the r  b y  i ts  m o r p h o l o g y  a n d / o r  b y  
i ts  a l locycly in i ts  D N A  repl ica t ion ,  forms a he te ro-  
pycno t i c  b o d y  in  cells a t  t h e  i n t e r p h a s e  s tage in va r ious  
soma t i c  t i ssues  wh ich  ha s  been  t e r m e d  W c h r o m a t i n  a. 
Therefore  t he  W ch romosomes  in E. sehistosa should  show 
in t he  i n t e r p h a s e  nuclei  two  W c h r o m a t i n  bodies,  one 
bigger  and  one smal le r  co r respond ing  in size to  W 1 a n d  
W~ respect ively .  F u r t h e r ,  our  u n p u b l i s h e d  obse rva t ions  on  
t h e  ch romosomes  of va r ious  species of snakes  of t he  genus  
Hydrophis reveal  t h a t  t he re  is a n  exac t  co r respondence  
be tween  the  n u m b e r  of W ch romosomes  a t  m e t a p h a s e  

a n d  t h e  W c h r o m a t i n  bodies  in  the  i n t e r p h a s e  nuclei .  
C o n t r a r y  to o u r  expec ta t ion ,  on ly  1 W c h r o m a t i n  b o d y  
h a s  been  de tec ted  in t h e  i n t e r p h a s e  nuclei  of b ra in ,  
k i d n e y  a n d  leucocyte  cul ture .  P e r h a p s  t h e  v e r y  m i n u t e  
size of t h e  W 2 p r e v e n t s  t h e  de t ec t ion  of t h e  second W 
c h r o m a t i n  body.  

Rdsumd. U n  se rpen t  m a r i n  (Enhydrina ehistosa Daudin ,  
Hydroph i idae )  a 32 c h r o m o s o m e s  chez le c~, 33 chez la  ~, 
ce t te  derni6re  a y a n t  u n  W - c h r o m o s o m e  supp l6menta i re .  
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Discrepancies between the Sites of Replication and Cytocidal Action of Encephalitogenic Viruses 

I t  is genera l ly  t a k e n  for g r a n t e d  t h a t  in  such  v i ra l  ence-  
pha lomye l i t i de s  as resu l t  in  a severe  a n d  widespread  ne rve  
cell des t ruc t ion ,  t he  v i rus  is r ep l i ca ted  m a i n l y  b y  t h e  
neurons .  H o w  er roneous  t h i s  a s s u m p t i o n  is b e c a m e  e v i d e n t  
in  t he  course  of c o m p a r a t i v e  s tud ies  on t he  u l t r a s t r u c t u r a l  
p a t h o m o r p h o l o g y  of severa l  e x p e r i m e n t a l  v i ra l  in fec t ions  
of t h e  s i m i a n  and  rou t ine  cen t r a l  ne rvous  sys tem.  

I n  t he  f irst  p a r t  of our  expe r imen t s ,  adu l t  c y n o m o l g u s  
m o n k e y s  were inocu la t ed  i.m. or  s.c. w i t h  a h igh ly  v i ru -  
l en t  s t r a in  of t y p e  3 pol iovirus .  Beg inn ing  w i t h  t he  4 t h  
or 5 th  pos t - i nocu l a t i on  day,  t he  an ima l s  deve loped  a 

r a p i d l y  progress ive  pa ra lys i s  of the  l imbs  of ten  t e r m i n a t -  
ing in a to t a l  t e t rap leg ia .  E l e c t r o n  microscopical ly ,  
n u m e r o u s  sp ina l  m o t o n e u r o n s  of t h e  p a r a l y t i c  m o n k e y s  
exh ib i t ed  u n e q u i v o c a l  s igns of i nc ip i en t  or  a d v a n c e d  
necrobiosis .  R a t h e r  f requen t ly ,  ne rve  cells in t h e  s tage of 
comple t e  cytolysJs  and ]o r  u n d e r g o i n g  ac tua l  neurono-  
p h a g i a  were observed .  However ,  no  one u l t r a s t r u c t u r a l  
f ind ing  could be  observed  in  t h e  more  or less d a m a g e d  
neu rons  w h i c h  would  h a v e  b e e n  d i rec t ly  i nd i ca t i ve  of t h e  
in t r ace l lu la r  p resence  of pol iovi rus .  On the  o the r  h a n d ,  
m a n y  m o n o n u c l e a r  e l emen t s  of t h e  i n f l a m m a t o r y  infil-  
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t ra tes  as well as numerous  endothel ia l  cells of the  intra-  
spinal blood vessels, conta ined wi th in  thei r  cy top lasm 
crystal l ine aggregates of small  spherical corpuscles. These, 
wi th  respect  to their  size, shape and electron density,  

c l o s e l y  corresponded to poliovirus part icles 1-~. F r o m  
these electron microscopic  observat ions  which were 
largely corrobora ted  by  the  results of ex tens ive  immuno-  
fluorescence examina t ions  3,4, i t  was clear tha t  in experi-  
men ta l  pol iomyel i t i s  of the  monkey,  the  nerve  cells cannot  
be considered as the  pr incipal  repl icat ion sites of the  virus, 
though  they  are by  far the  most  severely affected elements.  
The poliovirus,  once hav ing  entered a neuron, is obviously  
capable  of d is turbing its complex  metabol ic  machinery  in 
such a pernicious manner  t h a t  necrobiosis takes  place 
even before a single repl icat ion cycle is achieved.  On the  
contrary,  the  mesenchymal  e lements  seem to be much  
less sensi t ive to the  damaging  act ion of the  pol iovirus  
genome, and ev ident ly  p lay  the  most  s ignif icant  role in 
poliovirus mult ipl icat ion.  

In  the  second par t  of our experiments ,  adu l t  albino 
mice were inocula ted in t racerebra l ly  wi th  4 different  
group 13 arboviruses,  name ly  wi th  C e n t r a l  European  
encephali t is  virus ( H Y P R  strain), Z immern  virus  5,6, 
Gressthal  virus~,G, and Yellow Fever  virus  (17 D vaccine 
strain). Af ter  in t racerebral  inject ion of the  3 former 
viruses which belong to the  t ick-borne encephal i t is  com- 
plex, the animals  developed para ly t ic  signs of severe CNS 
invo lvemen t  a t  the  4th or 5th post- inoculat ion day.  
W i t h  the Yel low Feve r  virus,  the  incubat ion  period was 
about  8 to 10 days. Several  regions of the  neuraxis  f rom 
the  mice wi th  group B arbovirus  encephalomyel i t ides  
were examined  by electron microscopy. The  observat ions  
made  herein were qui te  different  f rom t h e  findings 
obta ined  in monkeys  wi th  exper imenta l  poliomyeli t is .  
Wi th in  the  per ikarya  of numerous  nerve  ceils, va ry ing  
amount s  of typica l  group B arbovirus  part icles  were 
encountered.  In  fur ther  contras t  to poliomyeli t is ,  the  
cyto-  and nucleoplasmic fine s t ructure  of the  arbovirus  
infected murine  neurons appeared amazingly  well  pre- 
served. Admi t ted ly ,  m a n y  nerve cells showed mild to 
modera te  degrees of 'degenera t ive '  al terat ions,  e.g., for- 
ma t ion  of vesicular  and vacuolar  aggregates in the  cyto- 
plasm, disorganizat ion or reduct ion of the  endoplasmic 
re t iculum, and chromatolys is  of var iab le  severity.  How- 
ever,  no single neuron was seen which could be said to  be 
actual ly  necrotic  or to  undergo act ive  phagocytosis  by  
leukocytes  and microglial  cells. Moreover,  in all arbovirus  
infected mice thus  far examined,  the  non-neuronal  ele- 
ments  wi th in  the  CNS, especially the i n f l ammato ry  ceils, 
were absolutely  free from structures  suspicious as being of 
v i ra l  na ture  7-~. 

F r o m  the  la t te r  observat ions  i t  can be concluded that ;  
in group B arbovirus  encephalomyel i t ides  of mice, the  
neurons are t he  p r imary  or even the  only sites of viral  
repl icat ion wi th in  the  CNS. Nevertheless ,  the  viral  act ion 
upon the  nerve  cells is by  no means so deleterious as t ha t  
exer ted  by the  poliovirus in the s imian neuraxis.  The clin- 
ical symptoms  and even the  lethal  t e rmina t ion  of the  
encephalomyel i t ie  process seem to be due more to slight 
funct ional  dis turbances  of the  vas t  ma jo r i t y  of the  neurons 
in the  sense of a summat ion  effect ra ther  than  to a wide- 
spread nerve  cell destruct ion.  F r o m  classical neuro- 
pathological  studies, i t  is well known t h a t  in human  cases 
wi th  group B arbovirus  infections of the  CNS, especially 
in cases of t ick-borne encephalomyel i t ides ,  a serious loss 
of nerve  ceils m a y  take  place. We  are therefore of the  
opinion tha t  in mur ine  arbovirus  infections the  absence 
of severe neuronal  damage  which contrasts  wi th  the  luxuri-  
an t  v i ra l  growth in the  nerve  ceils, depends less on the  
proper t ies  of ti le virus  than  on tha t  of the  host  species. 

Small  rodents,  par t icular ly  mice, p robably  play a ve ry  
significant  role in the  ecology of m a n y  arboviruses,  namely  
of the  non-mosqui to - t ransmi t t ed  arboviruses,  in t ha t  t h e y  
are most  often the  prevai l ing  ver tebra te  hosts in the  
endemic loci, whereas infected human  beings represent  
merely  la tera l  dead ends in the  na tura l  virus cycle. For  
instance, in an endemic  area  of Central  European  ence- 
phal i t is  in Lower  Austria,  a p r imary  independent  virus 
cycle involv ing  t icks and only some species of wild mice 
could be demons t ra ted  10,11 One m a y  suggest, therefore,  
t ha t  the  react ion of mice to arbovirus  infections has been 
specifically modif ied by  a gradual  adapta t ion  process, 
and is largely different  f rom t h a t  of o ther  animals.  Fu tu re  
electron microscopic studies of exper imenta l  group B 
arbovirus  encephalomyel i t ides  in var ious mammals ,  
especially in primates,  should give more precise informa-  
t ion about  this  intr inguing problem. In  the  present  paper,  
we merely  in tended to poin t  out  t ha t  the  site of replica- 
t ion and the  site of cytocidal  act ion of an encephali to-  
genic virus need not  necessarily coincide. When  we speak 
of a neurot ropic  or neurovi ru len t  virus, we should a l w a y s  
make  clear w h a t  this designat ion proper ly  means, i.e., 
whether  the  virus  prefers neurons for its growth or the  
virus has a rapid ly  ruinous effect upon this  type  of cell. 

Zusammen[assung. Die Ergebnisse e lekt ronenmikro-  
skopischer Unte rsuchungen  spechen dafiir, dass encephali-  
togene Viren nicht  immer  jene Zellarten am stgrksten 
schS.digen, durch welche sie bevorzugt  repliziert  werden. 
Bei der exper imente l len  Pol iomyel i t is  des Java-Affen  
fanden sich Pol ioviruskris tal le  hgufig in we i t gehend  
in tak t  erscheinenden mesenchymalen  Zellelementen,  
niemals dagegen in den meist  nekrobiot isch al ter ier ten 
spinalen Motoneuronen vor. Bei einigen exper imente l len  
Arbovi rus -Encepha lomyel i t iden  der  Albinomaus wieder-  
urn konnten  Viruspar t ikel  ausschliesslich in Nervenzel len 
beobachte t  werden, welche aber  gew6hnlich nur  gering- 
ffigige S t ruk tu rvergnderungen  aufwiesen. 

K.  BLINZINGER,  J .  SIMON a n d  W .  M/JLLER 

Max-Planck- Institut [iir Psychiatrie , 
Kraepelinstrasse 2 und lO, D-8 Mi'mchen 23 (Germany), 
and 
Laboratorium voor Medische Microbiologie der 
Rijksuniversiteit, 
Leiden (The Netherlands), 30 June J970. 

1 K. BLINZINGER, J. SIMON, D. MAGRATH and L. BOULGER, Exper ien-  
tia 2Z, 1095 (1968). 

2 K. BLINZINGER, J. SIMON, D. MAGRATH and L. BOULGER, Science 
163, 1336 (1969). 

3 j .  SIMON, G. PETERS, K. BLINZINGER, D. MAGRATH and L. BOULGER, 
Exper i en t i a  26, 1241 {1970). 

4 j .  SIMON, G. PETERS, K. BLINZINGER, D. MAGRATH and L. BOUL- 
GER, Arch. Psychia t .  Ne rvenKrankh .  213, 301 (1970). 

5 W, ~II~LLER, Zentbl .  Bakt .  Paras i tKde. ,  I. Abt .  274, 145 (1970). 
6 W. MI~LLER, Zentbl .  Bakt .  Paras i tKde . ,  I. Abt.  214, 465 (1970). 
v K. BLINZINGER and W. MGLLER, Dr. Z. NervHei lk .  197, 18 (1970). 
s K. BLINZINGER and  W. MOLLER, Acta  neuropath .  77, 37 (1971). 
9 K, BLINZlNGER, W. iV[OLLER and A. P. ANZlL, Arch. ges. Virus- 

forsch., in press. 
10 G. PRETZMANN, J .LoEw and A. RADDA, Zentbl.  Bakt .  Paras i tKde . ,  

I. Abt.  790, 299 (1963). 
11 G. PRETZMANN, A. RaDDA and J.  LoEw, Zentbl.  Bakt .  Paras i tKde . ,  

I. Abt.  19d, 431 (1964). 


