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Summary. — Herpes s imp lex  v i r u s  t y p e  1 (HSV-1) strains SC16, 
A N G ,  its  pathogen ic  v a r i a n t  A N G p a t h  a n d  t h e  m u t a n t s  A N G -
-pathgClS g lycoprote in  C (glyC) n e g a t i v e  a n d  A N G p a t h I 2 - 4  (g lyE 
negat ive )  were  c o m p a r e d  f o r  the ir  a b i l i t y  t o  spread  i n  D B A - 2  m i c e  
a f ter  peripheral  inoculat ion.  V i r u s  i n f e c t i v i t y  assay  i n  9 organs  
at  d a y s  2. 3, 4. 5, 6, a n d  10 post-infection (p.i.) a n d  morpholog ic  
examinat ions  ( immunofluorescence,  P A P  staining)  s h o w e d  t h e  
fo l lowing :  SC16, A N G .  a n d  A N G p a t h  spread  first (clays 2 — 3 p.i.) 
b y  haematogenic  route  t o  spleen, l iver,  a n d  adrenal  g l a n d .  Since 
d a y  4 t h e  i n v a s i o n  o f  t h e  v e g e t a t i v e  a n d  peripheral  n e r v o u s  s y s t e m  
t o o k  place i n  SCI6 a n d  A N G p a t h - i n f e c t e d  mice, fo l lowed  b y  v i r u s  
spread  t o  t h e  sp inal  cord a n d  b r a i n  s tem.  I n  ANG-in fec ted  m i c e  
t h e  i n v a s i o n  o f  per ipheral  n e r v o u s  s y s t e m  w a s  m i n i m a l  a l t h o u g h  
b o t h  A N G  as  wel l  as  A N G p a t h  spread  a long  t h e  axons.  I n  A N G  
pathgCl8- in fec ted  mice  a re lat ive ly  pro longed  v i r a e m i c  p h a s e  
(days 2 — 4 p.i.) represented w i t h  foci  o f  v i r u s  ant igen-containing 
cells i n  spleen, l iver,  a n d  mesenterial  connect ive  t issue w a s  
accompan ied  w i t h  a l o w  grade  i n v a s i o n  o f  t h e  per ipheral  n e r v o u s  
s y s t e m  (days  3 — 4 p.i.). N o  spread b y  a n y  route  o f  A N G p a t h I 2 - 4  
w a s  o b s e r v e d  a f ter  intraperitoneal  inoculat ion.  W h e n  compar ing  
A N G p a t h  a n d  SC16, t h e  latter  seemed s l ight ly  m o r e  lethal,  since 
A N G p a t h  k i l led  6 7 . 2 %  o f  D B A - 2  mice  w h i c h  were  g i v e n  2 x 10° 
PFU/0.1 m l  b y  i.p. route  as c o m p a r e d  t o  t h e  1 0 0 %  letha l i ty  o f  
SCI6-infected animals .  

Key words', herpes simplex virus; pathogenesis-, mutants', neural 
spread in mice 

Introduction 

T w o  decades e lapsed  since t h e  p i lo t  s tudies  o f  t h e  neura l  spread  o f  H S V  
in mice as  revealed  b y  immunof luorescence  ( Y a m a m o t o  et a,l., 1965; R a j č á n i  
et at., 1969) a n d  electron microscopy ( Y a m a m o t o  et al., 1973). W h i l e  i n  
suckling mice t h e  h a e m a t o g e n o u s  d i sseminat ion  o f  t h e  v i r u s  w a s  str ik ing  
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(Johnson, 1964), t h e  neural  spread prevai led in m a t u r e  an ima ls  (Johnson 
a n d  Mims, 1908; R a j ě á n i  et al., 1970). In t h e  suscept ib le  host, S c h w a n n  cells 
o f  peripheral  nerves  repl icated t h e  v i rus  (Rabin  et al., 1968; Severin a n d  
W h i t e ,  1909; R a j č á n i  a n d  Conen, 1972; Lascano  et al., 1982), w h i l e  t h e  axonal  
spread w a s  more e v i d e n t  o n l y  u n d e r  restrictive condit ions  in less suscept ib le  
an ima ls  (Baringer a n d  Grif f i th,  1970; Kristensson  et al., 1971; Hill et al., 
1972; Cook a n d  Stevens, 1973). 

I t  has  been  s h o w n  t h a t  t h e  o u t c o m e  o f  HSV-infection d e p e n d s  b o t h  on t h e  
propert ies  o f  t h e  host  a n d  on t h e  v i r u s  strain used (Lopez, 1975; K i r c h n e r  
pt al., 1978). W e  dec ided  to  repeat  t h e  classical exper iments  us ing  v i r u s  
strains  o f  d i v e r g e n t  pathogen ic i ty  a n d  neurovirulence.  Strain A N G  is non ­
pathogenic for D B A  mice b y  i.p. inoculation. The  peripherally pathogenic 
ANGpath  variant prepared by 12 — 1 5  intracerebral passages (Kaerner  et al.. 
1983; K i ime l  et al., 1986) w a s  f o u n d  d is t inct  f r o m  A N G  b y  fo l lowing  features:  
1. A N G  d i d  n o t  reach t h e  sp inal  cord a n d  b r a i n  s t e m  o f  D B A  mice i f  g i v e n  in 
a high dose o f  2 x  10" P F U  a l though  A N G p a t h  spread there  w h e n  g i v e n  in 
a 10 t i m e s  lower  dose  o f  2 x 105 PFU.  2. A t  ear ly  stages p.i. b o t h  v a r i a n t s  
mul t ip l ied  in t h e  peritoneal  c a v i t y  a n d  spread t o  visceral organs  such a s  
spleen o n d  others  (Ki imel  et al., 1982; Schroder a n d  Ki imel ,  1986). 3. A s  
prev ious ly  s h o w n ,  both  A N G  a n d  A N G p a t h  spread f r o m  peritoneal c a v i t y  t o  
spleen a n d  visceral organs  (Ki imel  et al., 1986; K i i m e l  a n d  Schroder. 1980) 
b u t  t h e  invas ion  o f  A N G  i n t o  the  n e r v o u s  s y s t e m  d i d  not  occur a l though  t h e  
latter  w a s  capab le  t o  spread b y  neural  route.  

For comparison,  w e  used t h e  SCI0 strain w h i c h  is pathogenic  f o r  several 
strains  o f  mice  a n d  is w i d e l y  used  in t h e  ear m o d e l  o f  HSV latency (Harbour 
el al., 1981). F i n a l l y  t w o  m u t a n t s  o f  A N G p a t h  were  included into  these 
exper iments,  n a m e l y  t h e  g l y C  m i n u s  m u t a n t  A N G p a t h g C 1 8  a n d  t h e  g l y E  
m i n u s  m u t a n t  A N G p a t h  12-4, t o  invest igate  t h e  possible  role o f  these g lyco ­
proteins in virus spread. 

Materials and Methods 

Virus strains. T h e  SC16 s t ra in  (Hill ot al . ,  1975) w a s  k ind ly  provided  b y  T .  E .  Hill ,  Univers­
i t y  of Bris tol ,  U . K . T h e  s t r a in s  A N G  a n d  A N G p a t h ,  t h e  pa thogenic  va r i an t  of A N G  prepared  b y  
serial in t racerebra l  passages  of A N G ,  wore character ized previously (Kaerne r  et al., 1983). T h e  
glyC nega t ive  m u t a n t  ANGpathgClH (VVeise, 1987) d id  n o t  express  glyC, t h e  p repa ra t ion  of t h e  
delet ion m u t a n t  A N G p a t h  12-4 h a s  boon described elsewhere (Noidhard t  et al., 1987). All viruses 
were grown in R i t a  colls a n d  s tored  a t  — 70 °C unt i l  use.  

Animals. DBA-2 mice  4 — 6 weeks old (Deutsche Vcrsuchstioranstalt,  Hannover) were kept in 
a n  isolator on a s tandard  diet.  The  animals  woro infected b y  i.p. route with  0.1 ml v i rus  suspension 
a s  follows:  2 x 10 6  PFU of SC16 (20 mice), 2 x 10® PFU of ANGpath (35 mice), 2 x 107 of 
ANG (25 mice), 2 X 10° PFU of ANGpathgC 18 (20 mice), 2 x 10« P F U  of A N G p a t h I 2 - 4  (20 
mice).  O n  d a y s  2, 3, 4, 5, 0, a n d  10 p.i . ,  2 — 3 inico woro sacrificed for  v irus  a s s a y  and morpho­
logical examina t ions .  

T h e  quick  axona l  t ranspor t  was tostod b y  inoculat ion of D B A - 2  inico i n t o  t h e  r igh t  l ip a n d  
cornea  wi th  A N G p a t h  (30 mice, I x 107 P F U  in  20 jxl, respect ively) ,  A N G  (10 mice ,  1 x 107/20 
jjtl), ANGpathgClH (10 mice, 2 x 10" P F U / 2 0  (zl) a n d  A N G p a t h I 2 - 4  (10 mice ,  1 x 107 P F U / 2 0  
(i.1). My 22 h r  a f t e r  vi rus  admin i s t r a t ion  b o t h  t r igeminal  gangl ia  woro removed  a n d  cu l tu rod  
for  If) days .  

Virus assay. Suspensions wore m a d e  f rom liver (2 ml) ,  k idneys  (1 ml) ,  adronal  g lands  (0.5 ml) .  
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spinal cord (lumbal segments, 0.5 ml), spleen (1 ml), brain stem (0.5 ml), brain (1 ml), lungs 
(1 ml), and trigeminal ganglia (0.5 ml) of i.p. infected mice. The  organs were washed in sterile 
distilled water,  homogenized, sonicated (3 times 20 sec), centrifuged (10 min, 3500 rev/min) 
and tested f o r  v i r u s  presence in B H K  cells grown on 24-well plastic microplates in medium BME 
supplemented wi th  8 %  calf serum and antibiotics. Resul ts  were read 2 a n d  3 d a y s  a f t e r  incubation 
a t  37 °C in 5 %  CO2 a tmosphere .  Microfoci of C P E  were  coun ted  a t  t h e  l imi t ing di lut ion a n d  
t h e  resul ts  were expressed i n  TCID50 u n i t s  p e r  organ.  

T h e  m e d i u m  fluid f r o m  t h e  exp lan ted  ganglion samples  was  exchanged o n  d a y s  3 a n d  7 i n  
cul ture .  T h e  exp lan ta t ion  was  finished o n  d a y  10 i n  cul ture .  T h e  m e d i u m  samples  a n d  t h e  homo­
genized f r a g m e n t s  collected o n  d a y  10 in  cu l tu re  were t e s t ed  fo r  infect ious v i rus  i n  B H K  cells. 

Explantation procedure. B y  22 h r  p . i .  b o t h  t r igeminal  gangl ia  were removed ,  minced ,  a n d  cul­
t u r e d  in plast ic  P e t r i  dishes i n  m e d i u m  RPMI-1640  supplemented  w i th  1 0 %  foe ta l  calf s e r u m  
a n d  antibiot ics .  

Immunofluorescence {IF). Blocks were  quickly f rozen  in  l iquid n i t rogen f r o m  following organs  
a n d  a reas  of mouse  b o d y :  liver, spleen, k idneys ,  a n d  adrena l  g land  (including t h e  re t roper i toneal  
vegeta t ive  nerves  a n d  ganglia),  lungs,  a n d  h e a r t  (including medias t inal  nerves  a n d  ganglia),  
lumbal  segments  of t h e  spine including spinal  cord ,  spinal  rou tes  a n d  ganglia,  a n d  t h e  sympa the t i c  
pa raver tebra l  ganglia,  b r a i n  s t e m  a n d  cerebellum, t h e  res t  of b ra in ,  b o t h  tr igeminal  ganglia.  
Cryos ta t  sections (6-7 (i.m thick)  were c u t  f r o m  each block a t  t h r ee  levels a b o u t  300 (xm a p a r t .  
F r o m  each level a t  least  6 sections were s t icked t o  2 slides, a i r  dr ied,  fixed in  acetone,  a n d  s ta ined  
w i th  r a b b i t  immune  se rum t o  HSV-1  di lu ted  1 : 100 (Ortho-Diagnostic) a n d  a n  an t i - r abb i t  con­
j u g a t e  (goat ,  an t i - rabbi t ,  I g G  f rac t ion ,  F I T C  labelled, Dianova)  d i lu ted  1 : 50. Before  s ta in ing  
wi th  immune  se rum t h e  sections were t r e a t e d  wi th  no rma l  g o a t  s e rum d i lu ted  1 : 20. Control  
slides were n o t  s ta ined  wi th  an t i -HSV i m m u n e  serum.  Final ly ,  t h e  sections were counters ta ined  
w i th  0 . 1 %  thiasin  red  solution (Fluka)  fo r  2 m i n  a n d  m o u t e d  in to  Elvanol .  T h e  p repara t ions  were  
viewed in a Zeiss microscope. 

PAP staining. Organs  a n d  t issues a s  l isted above  were fixed in Carnoy solut ion o r  a l te rna t ive ly  
in neu t ra l  buffered formal in  (4%) a n d  embedded  in to  paraf f in .  Blocks were  c u t  a t  room tempera ­
tu re ,  deparaff inized (xylol, alcohol) t r e a t e d  wi th  methanol /hydroperoxide  ( 3 %  H2O2) t o  remove 
t h e  endogenous peroxidase f o r  20 m i n ,  a n d  wi th  no rma l  swine se rum (Ortho) d i lu ted  1 : 10 f o r  
20 m i n  t o  block non-specific s ta ining.  T h e n  t h e  sections were s ta ined  w i th  t h e  r a b b i t  i m m u n e  an t i -
HSV-1  se rum (see above) ,  w i t h  t h e  br idging  swine an t i - r abb i t  I g G ,  a n d  finally, w i t h  t h e  P A P  
complex (rabbi t  P A P ,  Dianova ;  a t  a concent ra t ion  of 50 (J.g/ml fo r  45  min) .  All r eagen ts  were 
applied a t  room t empera tu re .  T h e  react ion was  visualized wi th  aminoethylcarbazol  (0.4%) 
solution conta in ing H2O2 (0.02%) f o r  25 m i n  a n d  t h e n  t h e  sect ions were s ta ined w i t h  h a e m a t o -
xyl in  f o r  30  sec a n d  m o u n t e d  in to  glycerine-gelatine (Merck). Control  sect ions were s ta ined  omi t ­
t ing  t h e  immune  r a b b i t  an t i -HSV-1  serum.  T o  improve  t h e  s ta ining of t h e  H S V  an t igens  paral lel  
sections f r o m  t h e  formal in  embedded  mater ia l  were s ta ined  also a f t e r  digestion w i th  p ronase  
(1 mg/ml  fo r  10 min ,  room tempera tu re ) .  

Results 

Spread of infectious virus 

The  SC16 strain given in  t h e  dose of  2 x 105 P F U  per mouse b y  i.p. route  
was lethal in  each case. Between days  2 —  4 p.i., t h e  presence o f  v i r u s  i n  spleen, 
l iver, a n d  l u n g s  w a s  t y p i c a l  f o r  t h e  v i r a e m i c  phase,  w h i l e  d u r i n g  t h e  second  
phase (days 4 — 7 p.i.) invas ion  o f  t h e  CNS b e c a m e  a p p a r e n t  (Table 1). 
T h e  adrenal  g l a n d  conta ined  v i r u s  i n  extremely  h i g h  t itres t h r o u g h o u t .  

T a b l e  2 s h o w s  t h e  d is tr ibut ion  o f  A N G p a t h  a n d  A N G  i n  t h e  s a m e  organs  
o f  D B A - 2  mice. A l t h o u g h  A N G  w a s  admin is tered  i n  a 10-times h igher  d o s e  
t h a n  A N G p a t h  (lethality 67.2%), n o n e  o f  ANG-in fected  mice  d ied.  V i raemic  
phase  w i t h  i n v o l v e m e n t  o f  k i d n e y ,  l iver, a n d  l u n g s  w a s  present  i n  b o t h  A N G  
as well  as  ANGpath- in fec ted  mice, b u t  o n l y  i n  t h e  latter  h a s  t h e  v i r u s  
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Table  1. IHslrilmtioii of IISV i n  the  organs  of DIJA-2 m i c e  a f ter  
of 2 x 1 0 5  I'FL strain SCltt 

i.p. inoculat ion 

O r g a n  •j 
D a y s  pos t - in fec t ion  

4 7 

Sp l een  
L ive r  
L u n g s  
K i d n e y  
A d r e n a l  g l a n d  
Sp ina l  co rd  
.Brain Htom 
B r a i n  
T r igemina l  gang l ion  

1 X 102 
O x  10:' 
1 X t o 1  

6 x J 0:> 
5 x 105  

5 X 10:' 

t x 10 
1 X 102 
1 x 10 
0 X 1 0  
5 X 10r> 
a x i o 3  

5 X 10-

2 X 102 

5 x 102 
0 X J 03 
.'i X 103 

0 x 10°  

D a y s  post-infection 

Lethal i ty  •i :i 4 0 7 8 T o t a l  

4 1 8/8 

reached  t h e  sp inal  cord a n d  bruin stern. T h e  adrena l  g l a n d  w a s  pos i t ive  
t h r o u g h o u t ,  b u t  n o t  in ANG-infected  mice, w h i c h  d i d  not s h o w  a n y  v i r u s  i n  
t h e  organs  tes ted  o n  d a y s  6 — 10 p.i. 

N o n e  o f  t h e  mutants- in fected  mice f l ied.  V i r u s  assays  were  p e r f o r m e d  o n  
d a y s  2, 4, (i, a n d  10 p.i.; AXGpathgC'18 w a s  f o u n d  in s m a l l  a m o u n t s  in  t h e  
sp leen a n d  traces o f  this  v i r u s  w e r e  occasionally detected  in t h e  t r igemina l  
gang l ion.  

N o  v i r u s  spread w a s  not iced  i n  mice  i n f e c t e d  w i t h  ANGpathI2-4.  

Distribution of SC16 and ANGpath antigens in i.p. infected mice 

Several mononuclear  cells s h o w e d  pos i t i ve  I F  o n  d a y  2 p.i. in  t h e  peritoneal  
c a v i t y .  I n  t h e  mesenterial  a n d  retroperitoneal  connect ive  t issue a n d  fa t  t issue 
fluorescence w a s  seen in t h e  fibrocytes a n d  adipose  cells. Scattered g r o u p s  
of h e p a t o c y t e s  contained t h e  ant igen  in  t h e  l iver  (Fig. 1) as conf irmed b y  
P A P  staining.  T h e  foci  w e r e  located either  i n  t he lobules, or in  t he v i c i n i t y  
of venules,  or  near  t o  t h e  portobi l iar  spaces. Occasional necrosis o f  t h e  hepato ­
cytes  was accompanied with discrete mononuclear infiltrates. In the spleen 
H S V  antigen w as  detected mainly in the red pulp (mononuclear cells, reti­
culum cells) while (lie follicles (B lymphocytes)  were predominantly negative. 
N o  virus antigen w as  found in the lungs and  kidneys. The gut wall 
showed numerous positive fibrocytes in the subserosa, and positive smooth 
muscle cells in the outer longitudinal layer. The  latter feature was  more pro­
minent. on d a y  4 p.i. and was also confirmed b y  P A P  staining. Positive I F  
and I'AP stalling o f  the  IISV antigen was  found in the adrenal gland cortex 
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a n d  m e d u l l a  t h r o u g h o u t .  O n  d a y  7 t h e  h e a v y  i n v o l v e m e n t  o f  all  three  cortical  
layers  a n d  p a r e n c h y m a l  cells o f  t h e  m e d u l l a r  t rabecu les  w a s  p r o m i n e n t  
(Figs. 3, 5). In a d d i t i o n ,  t h e  a n t i g e n  w a s  present  in  t h e  e n d o t h e l i u m  cells o f  
m e d u l l a r  s inuses.  A t  h igher  magni f icat ion,  vacuo l i zat ion  a n d  necrosis  o f  p a ­
renchymal cells in the  cortex was ev ident ,  t h e  antigen was  present in nuclei 
a n d  cytoplasm o f  parenchymal cells which showed less extens ive  destruction 
and typical  nuclear inclusion bodies. 

Since d a y  4 p i. the  invo lvement  o f  the  mesenterial vegetat ive  nerves and 
ganglia became striking. T h e  Schwann cells o f  retroperitoneal nerves showed 
posit ive fluorescence as  well as  nerves o f  lumbar plexus,  the  spinal roots, 
n o t  excluding such dis tant  vegetat ive  nerves as  n. vagus  in i ts  mediastinal 
coarse. T h e  sympathet i c  paravertebral ganglia as  well a s  the  large coeliac 
and other paraaortal gangl ia  contained neurons filled with antigen (Figs. 2, 4). 
In addit ion t o  t h e  vegetat ive  ganglia,  spinal ganglia and spinal cord 
were also involved.  Spinal cord w a s  posit ive  mainly in SClG-infected mice 
(Table 3). On d a y  7 viral antigen was seen in motoneurons o f  the  anterior 
horns a s  well as  in neurons o f  t h e  lateral horns at  t h e  level of  lumbar segments  

/ ' i f / .  / . A N G p a t h  s t ra in ,  d a y  2 p.i .  Blood born o focus showing posit ive immunofluorescence of H S V  
an t igens  in t h e  hepatoeytes  n e a r  t o  a venule and  in i ts  endothel ium colls. ľndiroct I F ,  magn. 
X 300. 

ľif/. 2. ANGpath strain, d a y  (I p.i. HSV nntigcna in the adrenal cortex in the  Schwann cells and 
neurons of retroperitoneal vegetat ive  nerves and ganglia. Ai row indicates the elastica or a 
large ar tery,  eonterst ained with  thiasin red. Indirect IF, magn.  x 220. 
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Fig. •'!. S t r a in  A N G p a t h ,  d a y  4 p. i .  Necrosis a n d  vacuol izat ion of pa renchymal  colls in tlie z o n a  
fasciculata and  reticularis  of adrena l  gland cor tex;  several  cells con ta in  nuc lear  inclusions. 
H S V  ant igens  (dark granules) in t h e  cytoplasm a n d  nuclei .  P A P  s t a in ,  mag.n. X 300. 

Fir/. 4. A N G p a t h ,  d a y  6 p. i .  Vegeta t ive  retroperi toneal  ganglion wi th  nourcns  conta in ing  H S V  
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Tuble 3. Dlstriibition of SCI 6 virus antigen i n  DBA-2 mice  us determined by immunofluoreseenee 
and PAP staining 

D a y s  post-infection 
2 (IK) 2 (PAP) 4 (IF)* 4 (PAP)* 7 (IF) 7 (PAP) 

Mesonterium (connective tissue) 
Out  wall (smooth 
muscle, intramural nerves) 
Spleen 
Liver  
Adrenal g land 
Retroperitoneal vegetat ive  nerves  
Retroperitoneal vegetat ive  ganglia 
Spinal ganglia and 
nerves  (luhar segments) 
Spinal cord 
Mediastinal vegetat ive  nerves  (vagus) 
Brain stem 
Brain:  thalamus 

hypothalamus 
basal ganglia 
cortex 

* in 2 mice ** a few positive glial cells 

a n d  in gl ial  cells o f  t h e  w h i t e  a n d  g r a y  matter.  T h e  i n v o l v e m e n t  o f  bra in  
s tem w a s  m o r e  p r o m i n e n t  w i t h  t h e  SC16 strain.  HSV ant igen  w a s  
f o u n d  i n  neurons  o f  reticular format ion,  nc. abiguus, ves t ibu lar  nuclei  a n d  
nc. terminalia n. trigemini a n d  m a n y  other  un ident i f ied  structures.  T h e  
h igher  bra in  structures  were  af fected in  mice infected  w i t h  t h e  SC16 strain 
o n l y  (Table 3). Thus ,  t h e  t h a l a m i c  nuclei, h y p o t h a l a m u s ,  a n d  brain  cortex 
s h o w e d  pos i t i ve  neurons  in  t h e  SC16-infected a n i m a l s  b u t  n o t  in  t h e  A N G p a t h  
in fected  ones  (Table 4). 

Distribution of virus antigén in A N G-infected DBA mice 

T h e  findings are s u m m a r i z e d  in T a b l e  5. T h e  presence o f  t h e  ant igen i n  
mononuclear  cells o f  t h e  peritoneal  cav i ty ,  in mesenterial  a n d  i n  retroperito­
neal connective and adipose tissues was  similar as  in the previous animal 
groups. The  H S V  antigen containing cells were seen in the  spleen (reticulum 
cells), liver (hepatocytes),  intestinal wall (smooth muscles), and adrenal 
gland (parenchymal cells) on d a y  2 p.i. On d a y  4 minimal fluorescence w a s  
found in a few Schwann cells o f  a mesenterial nerve, the vegetat ive ganglia, 
the; nerves of  lumbar plexus, the  spinal cord, and brain s t em were negative.  

ant igens.  N o t e  necrosis of neurons  a n d  mononuclear  infi l trat ion within ganglion a s  well a s  in 
sur rounding  fat tissue. P A P  m e t h o d ,  m a g n . x 300. 

F i y .  >r). SO 10 s t r a in ,  d a y  7 p.i .  I n t e n s i v e  s taining of H S V ant igens  in t he  adrenal  cortex a n d  me­
dulla .  PAT* m e t h o d ,  magn . x 120. 
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Table 5. Detection of IISV antigens i n  AXG-infected DBA-Z 
miee by IF and PAP staiiiiny 

Day H post-in feet ion 

Organ 2 d .  4 d .  o d .  6 d.  10 d.  
(IF, PAP) (IF, PAP) (IF, PAP) (IF, PAP) (IF, PAP) 

Mesenterial connective 
tissue 
Spleen -f 
Liver  -f- i 
Adrenal gland -f -f 
Retroperitoneal 
vegetat ive  i 
nerves and ganglia 
Spinal roots and ganglia 
Mediastinal veg .  nerves 
Spinal cord 
Brain stem 
Brain (other areas) 
I,unK 
Intestinal wall 

N o  v i r u s  ant igen  w a s  f o u n d  a t  later intervals  p.i. T h e  morphological  a n d  
virological  f ind ings  in  A N G -  a n d  A N G p a t h - i n f e c t e d  mice  are compared  in  
T a b l e  7. 

Virus-specific antigens in DBA-2 mice infected with different ANGpath 
mutanta 

T a b l e  fi s h o w s  t h a t  HSV ant igen w a s  present in t h e  spleen (reticulum a n d  
mononuc lear  cells; compare  a b o v e )  o f  t h e  a n i m a l s  w h i c h  h a d  been  in fected  
w i t h  t h e  both  m u t a n t s .  Minimal pos i t i v i ty  w a s  seen in  mice  infected  w i t h  
t h e  A N G p a t h g C  18 m u t a n t  in t h e  mesenterial  a n d  retroperitoneal connect ive  
tissues, in v e g e t a t i v e  nerves  a n d  in adrenal  g l a n d  o n  d a y s  5 — 6 p.i. 

Acute axonal .spread of ANG, ANGpath, and of it.s mutants 

T o  test  the  axonal transport from input virus the mice were inoculated 
with  a high virus dose into the right scarified cornea and lip (a total volume 
of  20 [j.1). By  22 hr later, both trigeminal ganglia were cultured to  prove 
whether the  virus which had reached the  ganglion but h a d  not started repli­
cation in its neurons would then multiply in the cultured ganglion explants.  
When t he right trigeminal ganglia of  10 mice inoculated with 1 x 107 P F U  
of  ANGpath were cut  in semiserial sections and examined for the  presence 
of  IISV antigen, this  was  found in a single pseudounipolar neuron in one mouse 
only;  the  axonal transport occurred a t  least in 7 mice (Table 8). Alternatively, 
the  quick axonal transport took place in (i ANG-infected mice, but in none 
o f  those inoculated with the  g l y E  negative deletion mutant.  Using 
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Table (». Detection of HSV-antigens i n  ANGpathgC18 and ANGpatkI2-4 
mutants-infected DBA-2 mice b y  IF and  P A P  staining 

Organ ANGpathgC18 ANGpathI2  —4 

d a y  3* d a y  5* d a y  6+ d a y  10+ d a y  3* d a y  5* d a y  6 +  d a y  10+ 

Mesenterial  connective 
t issue 
In tes t ina l  wall 
Spleen -f-
L iver  z t  
Adrenal  gland 
Retroper i toneal  vege­
t a t i ve  nerves  a n d  ganglia i 
Spinal ganglia 
a n d  cord 
Bra in  s t em 
Bra in (o ther  areas)  
Mesenterial l y m p h  nodes  

-r  

+ 

* b y  I F  a n d  P A P  s ta in ing  + b y  I F  on ly  

Table 7.  Comparison oř v i rus  distribution i n  ANGpath and  ANG-inicetcd 
mice w i t h  the  morphological f indings 

D a y s  post-infection 

d a y  2 d a y  4 d a y  6 
ANG ANGpath ANG ANGpath ANG ANGpath 

+ (+ ) (+) 
+ (+ ) ± 
+ (+ ) + (+) + (+) + (+) 

± + + 

Mesenterium -f 
Spleen -1-
Liver  + ( + ) 
Adrenal  gland -{- ( + ) 
Retroper i toneal  a n d  para­
ver tebra l  vegeta t ive  nerves  
Spinal ganglia  a n d  nerves  
(lumbal segments) + 
Oute r  smooth  muscle  layer  of 
t h e  gastrointest inal  t r ac t  + + + + 
Mediastinal (remote) 
vegetat ive  nerves  + 
Spinal cord ( + ) + ( + ) 
Brain s t em ( + ) + ( + ) 

i ve ry  few posi t ive cells in one  o u t  several  sections 
( + ) in bracke ts :  v i rus  infect ivi ty  assay  
+ n o  b racke t s :  I F  a n d  P A P  s ta in ing  



3JG R A J Č Á N I ,  J .  el al. 

Table II. The (| nick uxonal transport in DIIA-2 mice 

V i r u H  s t r a i n  ( m i i t i m t )  Inoculated R T G  LTG D a y s  iri 
dose culture 

ANGpath 1 y 10'  3/10 0/10 4 
7/10 1/10 7 
7/10 1/10 10 

ANGpath 8 /  10-5 0/10 0/10 4 
0/10 0/10 7 
0/10 0/10 10 

ANG 1 / 11)~ 0/10 0/10 3 
0/10 0/10 7 
6/10 2/10 10 

ANGpat hg(' 1S •>/ 10« 0/10 0/10 3 
0/10 0/10 7 
0/10 0/10 10 

ANGpa th I2 -4  1 X 1 0 '  0/10 0/10 4 
0/10 0/10 7 
0/10 0/10 10 

R T G ,  LTG right (left) t r igeminal  ganglion 

a lower dose  o f  A N G p a t h  the explantat ion  results were negat ive  probably 
because  there was  n o  neuritic uptake  from virus input in scarified cornea 
d u e  t o  the  prevalence o f  H S V  receptors on  corneal epithelium cells. A s  t h e  
stock titre o f  A N G p a t h g C l 8  w a s  lower than tha t  o f  A N G p a t h .  it w a s  no t  
possible t o  use th i s  m u t a n t  in a higher dose  t h a n  2 x 1 0 ®  P F U .  T h u s  w e  
cou ld  n o t  d r a w  a final conclus ion  w h e t h e r  g l y C  w a s  i n v o l v e d  i n  e f f e c t i v e  
neur i t ic  u p t a k e  and/or  a x o n a l  t ransport ,  w h i c h  h a s  certa in ly  fa i l ed  t h e  case 
o f  t h e  g l y E  m i n u s  m u t a n t .  

Discussion 

T h e  results  o f  t h e  present  s t u d y  i n d i c a t e d  t h a t  u p o n  per iphera l  (i.p.) 
in fec t ion  there  w a s  a m i n i m a l  i n v a s i o n  o f  t h e  per iphera l  (vegetat ive )  n e r v o u s  
s y s t e m  w i t h  A N G  in contras t  t o  A N G p a t h  a n d  SC16-infected mice,  i n  w h i c h  
t h e  i n v a s i o n  o f  per iphera l  n e r v e s  a n d  g a n g l i a  w a s  o v e r w h e l m i n g  s ince d a y  
4 p.i. T h e  m i n i m a l  i n v o l v e m e n t  o f  S c h w a n n  cells o f  per ipheral  n e r v e s  in  t h e  
presence o f  axona l  s p r e a d  (as p r o v e d  b y  e x p l a n t a t i o n  o f  t h e  t r i g e m i n a l  
g a n g l i o n  22 h r  a f t e r  intracorneal  a n d  l i p  inoculat ions) ,  w a s  n o t  a c c o m p a n i e d  
b y  t ransneurona l  t r a n s f e r  o f  A N G  t o  t h e  second neuron  in t h e  s p i n a l  cord  
a n d  bra in  s t e m .  T h i s  c o n f i r m s  t h e  not ion  t h a t  o n l y  n e u r o v i r u l e n t  s t ra ins  
progress b e y o n d  t h e  g a n g l i o n  t o  t h e  ONS, t h u s  a postgang l ion ic  b l o c k  exists  
lor IISV I A N G  and/or o t h e r  n o n e n c e p h a l i t o g e n i c  s tra ins  (Ki ime l  et n 
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1986). I n  f u l l  agreement  w i t h  t h e  a b o v e m e n t i o n e d  results, w e  conf i rmed  
t h e  qu ick  axonal  spread  o f  A N G .  However ,  i n  o u r  hands ,  t h e  S c h w a n n  cells 
o f  per ipheral  a n d  v e g e t a t i v e  nerves,  t h e  satell ite cells a n d  neurons  o f  vege ­
tat ive  and sensory ganglia showed a restrictive behaviour t o  A N G  b u t  not  t o  
ANGpath  and SCI6. I n  D B A - 2  mice infected b y  oral and corneal routes 
ANGpath  multiplied in the  pseudounipolar neurons of the  trigeminal ganglion 
(manuscript in preparation). Thus, while both A N G  and ANGpath  spread 
along axons  and established latency in  the  ganglion cells (Kiimel  et al., 1986), 
only ANGpath  could overcome the  restrictive behaviour of  neural cells as  
evidenced b y  synthesis  of virusspecific antigens in the  Schwann cells o f  
peripheral nerves, satellite cells and neurons of  vegetat ive and sensory ganglia 
and in glial cells and  neurons of  the  CNS. Necrotizing lesions develop in  
the  trigeminal root entry zone after oral/ocular H S V  inoculation of  neuro-
pathogenic strains (Towsend and Baringer, 1978). I n  A / J  mice infected with  
the HSV-1 F strain into the  tongue, the  virus entered the  neuromuscular 
junctions, travelled along the axons t o  the  hypoglossal nucleus in  the  brain 
s tem and a t  the  peripheral t o  central nervous sys tem junction i t  entered the  
astroglial processes (Openshaw and Ellis, 1983). I n  Balb/c  mice infected with  
the  SC16 strain the  transneuronal transfer was  combined with  a local cell 
t o  cell transfer in the  brain s tem v ia  the  glial elements (Ugolini et al.. 1987). 
I n  our hands using susceptible outbred juvenile mice infected b y  oral route, 
the  Schwann cells and the  oligodendroglial cells contained virus antigen 
at both  sides of  the  Redlich-Obersteiner junction line marking the  transition 
of  the  peripheral nervous sys tem t o  CNS (Szántó a n d  R a j č á n i ,  1976). I n  t h e  
present  s t u d y  A N G p a t h  a n d  especial ly  SC16 s h o w e d  n o t  o n l y  a s i m p l e  
transneural  axonal  spread  a n d  m u l t i p l i e d  a c t i v e l y  i n  t h e  n e x t  neuron,  b u t  
t h e y  g r e w  also in t h e  satell ite cells o f  gangl ia,  i n  gl ial  cells o f  CNS a n d  in  t h e  
S c h w a n n  cells o f  t h e  per ipheral  nerves.  Espec ia l ly  t h e  a b i l i t y  t o  m u l t i p l y  in 
t h e  Schwann  cells o f  per ipheral  n e r v e s  a n d  i n  t h e  gang l ion  satellites contri­
buted t o  significant enhancement of  virus spread. 

The involvement  of  adrenal gland was  repeatedly described in HSV-
infected mice (Rajčáni  et al.. 1970; Nacht igal  a n d  Caufield, 1984: Potratz  
et al.. 1986: Irie  et al.. 1987). T h e  v i r u s  enters  adrenal  m e d u l l a  a n d  cortex 
b y  b lood-stream f r o m  t h e  sinuses t o  spread f u r t h e r  t o  t h e  coeliac a n d  o ther  
retroperitoneal  v e g e t a t i v e  gang l ia  (first neuron)  a n d  t h e n  t o  t h e  s y m p a t h e t i c  
neurons  o f  t h e  lower  thoracic cord (second neuron)  (Hill et al., 1986). A g a i n ,  
SC16 as we l l  as  A N G p a t h  extens ive ly  m u l t i p l e d  in  t h e  adrenal  g l a n d  a n d  
spread t o  t h e  coeliac a n d  other  v e g e t a t i v e  gang l ia  a n d  sp inal  cord, w h i l e  
A N G  f o l l o w i n g  a l i m i t e d  repl ication i n  t h e  adrena l  g l a n d  d i d  n o t  spread  
a long  nerves,  a t  least n o t  i n  a s ignif icant a m o u n t .  

The comparison of t h e  glyC- a n d  g lyE-minus  m u t a n t s  w i t h  t h e  progres­
sion t h e  m a t e r n a l  A N G p a t h  s t r a in  showed t h e  fol lowing:  

1. The g l y E  minus mutant  (ANGpathl2-4)  multiplied in a very  limited ex tent  
in spleen without  spreading t o  other organs. N o  neuritic uptake and n o  
axonal spread was  found when testing the  quick axonal transport b y  
explanting the  trigeminal ganglion b y  22 hr after oral/corneal inoculation. 
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Restriction of glyE minus HSV mutants was believed to be mediated 
b y  immune mechanisms. Because g lyE is one essential component of the 
Fc receptor its expression on the surface of infected cells has been suggested 
to interfere vvilh the cytotoxic and/or natural killer immune destruction 
of these cells (Adler et al., 1978; Courtnery et al., 1984). The binding of 
any immunoglobulin molecules to the surface of infected cells may hamper 
the access of virusspecific antibodies participating in the antibody and 
complement mediated cytolysis. In addition, the binding of immuno­
globulins to  the Ec receptor would reduce the  yield of infectious virus 
produced in the  cell (Costa et al., 1977). Thus, it can be assumed tha t  the 
extremely limited replication of the glvE minus mutant  a t  the  portal of 
entry reduced the dissemination of the virus in the  viraemic phase and 
consequently eliminated t he  opportunity for  neural spread. However, as 
shown by our  quick transport  experiments, inoculation of the  g l y E -

m u t a n t  in a high dose was no t  sufficient for the neuritic uptake and axonal 
t ransport ,  which occurred with the parental ANGpath variant as with 
the  AN(1 strain directly upon the high virus input.  

2. T h e  glyC" A N G p a t h g C l 8  m u t a n t  showed a l imited but  clear-cut repli­
cation a t  the  portal o f  entry ,  in  the  spleen, adrenal gland and minimal 
spread b y  t h e  bloodstream. Minimal invasion o f  the  peripheral and vege­
ta t ive  nervous  sys tem w a s  detected.  However,  t h e  neuritic uptake and 
quick axonal  spread could n o t  be  fol lowed b y  oral corneal inoculation, 
since the  virus input  o f  2 x 107 P F U  w a s  not  sufficient for coming into 
a n  eff icient contac t  wi th  the  nerve endings  (as ev idenced b y  t h e  e v e n t s  
after  the  inoculation o f  t h e  lower A N G p a t h  dose o f  8 x 105  P F U ) .  Man-
nini-Palenzona  et al. (1988) found n o  restriction in t h e  capacity  o f  the  
g lyC minus  mutant  o f  H F E M  strain t o  establish latency.  Johnson  et al. 
(1986) found n o  restriction o f  virus spread with an  H S V - 2  glvC minus 
m u t a n t  inoculated b y  intravaginal route.  These results were confirmed 
also in our  experiments  (Rajčáni  et  al.. 1990). 
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