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Summary 

A virus (HSIS) originating from dead owls was successfully cultivated in 
chicken embryo fibroblasts. Its replication was inhibited by IUDR. Tissue cultured 
virus proved sensitive to ether, chloroform, 0.5 per cent trypsin, and to pH levels 
of 4.0 or lower. Infectivity was rapidly destroyed at 56 ~ C. Negatively stained 
naked virions of 100 nm average diameter were seen, and enveloped virions with 
160--250 nm size. The capsid was built up of hollow cyellndrical capsomeres, 
arranged in equilateral triangles, carrying 5 capsomeres along each edge. Cubical 
symmetry and icosahedron structure yielded a total number of 162 capsomeres. 
All these biochemical and biophysical data lead to classification of HSIS virus 
into the genus herpesvirus. Biological properties described in a foregoing paper 
sustained such grouping, and indicated that  the agent was a new avian herpes- 
virus for which the name herpesvirus strigis was proposed. 

1. Introduction 

A disease syndrom occurring in naturally infected owls and designated as 
hepato-splenitis in/ectiosa strigum (9) could be experimentally reproduced by a 
viral agent. In a foregoing paper (7) we classified this virus on behalf of its biological 
properties as herpesvirus strigis, a new avian herpesvirus. This paper describes its 
physicochemical properties. 

2. Materials and Methods 

2.1. Viruses 
I-Ierpesvirus strigis (HSIS), strain x/42/63, originally isolated from an Eagle Owl 

on CAM (9), was grown in chicken embryo fibroblasts and used in its 4th to 17th tissue 
culture passages. 

Infectious ]aryngotracheitis virus (ILT), strain N5256, was used in its 8th to 10th 
CAM passages. 
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I n f e c t i o u s  b r o n c h i t i s  v i rus  ( IB) ,  s t r a in  B e a u d e t t e ,  was  used  a f te r  a n  u n k n o w n  
n u m b e r  of egg  passages  in  i t s  4 th  t o  9th  ch icken  f ib rob las t  t i ssue  cu l tu re  passages.  

I n f e c t i o u s  bov ine  r h i n o t r a e h e i t i s  v i rus  ( IBR)  s t r a in  LA, was used  in i ts  13th 
pas sage  on  p r i m a r y  calf k i d n e y  monolayers .  

B o v i n e  en t e ro v i r u s  (ECBO),  s t r a in  51/60 (6), was  p r o p a g a t e d  likewise a n d  t e s t ed  
in i t s  17th passage.  

B o v i n e  rh inov i rus ,  s t r a i n  Sd-1 (4), was cu l tu red  in  a roller  d r u m  a t  33 ~ C on p r i m a r y  
calf k i d n e y  mono laye r s  a n d  was used in i ts  7 th  passage.  

2.2. Tissue Culture and Chicken Egg Assay 
P r e p a r a t i o n  a n d  h a n d l i n g  of t i ssue  cu l tu res  a n d  e m b r y o n a t e d  eggs has  been  de- 

s c r i bed  in  t he  f i rs t  p a p e r  (7). F o r  all e x p e r i m e n t s  r epo r t ed  in th i s  p a p e r  serum-free  
t i s sue  cu l tu re  h a r v e s t s  were used.  T a k i n g  in to  accoun t  the  poor  v iab i l i ty  of he rpesv i ruses  
a t  f reez ing  t e m p e r a t u r e s  in  the  abs ence  of p ro t ec t i ve  colloids, such h a r v e s t s  were s to red  
a t  + 4  ~ C for sho r t  per iods  of t ime  (19). 

All  t i t e r s  recorded  are  expressed  as TCD~0 or IDs0/0.1 ml,  c o m p u t e d  accord ing  to 
REED a n d  MVENCI~ (16). 

2.3. Biochemical Tests 
The  i n h i b i t i n g  effect  of I U D R  on v i ru s  rep l ica t ion  was m e a s u r e d  in cu l tu re  flasks 

(g rowth  a rea  50 cm 2) b y  i n c o r p o r a t i n g  25 ~g/ml  of 5 - iodo-2-deoxyur id ine  (Sigma) in to  
m a i n t e n a n c e  m e d i u m .  Cont ro l  f lasks rece ived  n o r m a l  m a i n t e n a n c e  m e d i u m .  Af te r  a 
p r e i n c u b a t i o n  a t  37 o C for 3 hour s ,  v i ruses  were a d d e d  in a mu l t i p l i c i t y  of a p p r o x i m a t e l y  
1. One m l  samples  were w i t h d r a w n  f rom each f lask a f te r  24, 48, 72 a n d  96 hours  p. i. a n d  
i m m e d i a t e l y  t i t r a t e d  for v i rus  c o n t e n t .  

E t h e r - r e s i s t a n c e  was d e t e r m i n e d  accord ing  to  ANDREWES a n d  1LIORSTX~,'r (1), 
ch lo ro form-res i s t ance  accord ing  to BSGEL a n d  MAYR (5). 

Sens i t i v i t y  to  t r y p s i n  was t e s t ed  accord ing  to DI~TE~ (13), us ing  crys ta l l ized,  
]yophi l ized  ster i le  t r y p s i n  a n d  3 • crystal l ized,  lyophi l ized soybean  t r y p s i n  i n h i b i t o r  
( W o r t h i n g t o n  Biochem.  Corp. Freehold ,  N.Y. ,  U.S.A.).  

Sens i t iv i ty  t ow ar ds  d i f fe rent  low p H  levels was  d e t e r m i n e d  as descr ibed  b y  B i 3 i ~ I  
a n d  PICH]~ER (8). 

T e m p e r a t u r e  sens i t i v i ty  was  d e t e r m i n e d  b y  keep ing  smal l  a l iquots  of a g iven  v i ru s  
b a t c h  a t  - - 2 0  ~ C for  48 hours ,  a t  + 4  ~ C for 48 hours ,  in  a w a t e r b a t h  a t  37 ~ C for 
24 hours ,  or for 15, 30, a n d  60 m i n u t e s  respec t ive ly  a t  56 ~ C. All samples  were t h e n  k e p t  
a t  + 4 ~  up  to t he  t ime  of t i t r a t i o n  for res idual  v i rus  con ten t .  Such d e t e r m i n a t i o n s  
we re  done  c o n c o m i t a n t l y  in  a single b a t c h  of cell cul tures .  

2.g. Electron Microscopical Examination 
Chicken  e m b r y o  f ib rob las t  f lask cu l tu res  showing  a C P E  of 70 pe r  cen t  (7) were 

d e c a n t e d  a n d  the  cell shee ts  col lected w i th  a r u b b e r  po l i ceman  in  a smal l  q u a n t i t y  of 
MILLo~m buf fe r  (15). T he  cells were pe l le ted  a t  2500g for 5 minu te s ,  w a s h e d  twice  
w i t h  t h e  same buf fe r  a n d  e x a m i n e d  immed ia t e ly .  

A f t e r  d e c a n t i n g  t he  buffer ,  4 - - 6  d rops  of a 5 pe r  cen t  a m m o n i u m a c e t a t e  so lu t ion  
c o n t a i n i n g  0.01 pe r  cen t  of a 16 pe r  cen t  bov ine  a l b u m i n  so lu t ion  were t h o u r o u g h l y  
m i x e d  w i t h  s e d i m e n t e d  cells (23). Two drops  of th i s  suspens ion  were t h e n  mixed  w i t h  
4 d rops  of a 2 per  cen t  sod ium P T A  solu t ion  of p H  6.5 to 7.0. This  m i x t u r e  was t r ans -  
fe r red  to F o r m v a r  grids p rev ious ly  for t i f ied b y  a c a r b o n  layer .  P h o t o g r a p h s  were m a d e  
o n  G e v a e r t  Sc ient ia  2 3 D 5 0  p la tes  in  a Siemens E lmi skop  I us ing  8 0 K V  a n d  double  
c o n d e n s e r  i l lumina t ion .  

3. Results  

3.1. Nucleic Acid Type 

As e v i d e n t  f r o m  F i g u r e  8, t h e  t i t e r  of H S I S  v i r u s  in  n o r m a l  c u l t u r e  m e d i u m  

i n c r e a s e d  s t e a d i l y  o v e r  a n  o b s e r v a t i o n  p e r i o d  of 96 h o u r s .  I n  t h e  p r e s e n c e  of I U D R ,  

h o w e v e r ,  n o  t / S I S  c o u l d  b e  d e t e c t e d ,  e x c e p t  a low t i t e r  of p r o b a b l y  r e s i d u a l  i n p u t  
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vi rus  in the  sample  t a k e n  a t  24 hours  p. i. This behav iour  ind ica ted  t h a t  t i le essential  
nucleic acid  of H S I S  is DNA.  On the  o ther  hand,  IUDI~ fai led to have  any  inhibi t -  
ing effect on the  repl ica t ion  of the  R N A  conta in ing IB  virus,  a known coronavirus  
(2) ; the  decrease in t i t e r  of I B  vi rus  observed af te r  72 hours p . i .  might  be due to 
t he rma l  inac t iva t ion .  

3.2. Resistance against Chemical and Physical Agents 

According  to Table  1, bo th  herpesviruses  tes ted,  i .e.  H S I S  and  IBI~, got  com- 
p le te ly  i nac t iva t ed  b y  e ther  as well as chloroform indica t ing  t h a t  thei r  virions 
were sensi t ive to l ip id  solvents.  The ECBO virus,  however ,  r emained  unaffec ted  
b y  bo th  l ipid solvents  as an en terovi rus  should according to defini t ion (2). 

Table 1. Results o/Ether- and Chloro/orm-Resistance Tests 

Virus content per 0.1 ml 

Viruses Controls Ether  Difference Chloroform Difference 

I-ISIS 2.00 a <0.50 > 1.50 <0.50 > 1.50 

IBI~ 6.00 < 0.50 > 5.50 < 0.50 > 5.50 

ECBO 6.25 6.00 0.25 5.25 1.00 

a loglo TCIDs0. 

Pur i f ied  t ryps in  in 0.5 per  cent  concent ra t ion  had  a s t rong ly  inac t iva t ing  
effect on H S I S  virus,  as ev ident  from Table  2. Likewise,  IBt~ virus,  a bovine 
herpesvi rus  de t e rmined  earl ier  as sensi t ive to t ryps in  t r e a t m e n t  (8) and  re tes ted  
for control  purposes  a longside to H S I S  virus,  was conf i rmed as being sensit ive 
to t ryps in .  ECBO virus,  known from previous  exper iments  as res i s tan t  to t ryps in  
(8), res is ted to  t ryps in  t r e a t m e n t  as expected.  

Table 2. Results o/ Trypsin Sensitivity Tests 

Virus content per 0.1 ml 

PBS Trypsin Difference 
Viruses 60 rain, 37 ~ C 60 rain, 37 ~ C 

I-ISIS 2.50 a < 0.50 > 2.00 

IB1% 6.75 1.00 5.75 

ECBO 6.75 6.25 0.50 

a lOglO TCIDso. 

Table 3 shows, that lowering the pH to 4.0 sufficed to abolish any infectivity 
of HSIS virus. The pH-lability of IBR virus (GRIFFIN et al., cir. 2) or of a bovine 
rhinovirus (8), tested as controls was confirmed. ECBO virus, however, survived 
at even pH 2.2, thus meeting the property of a pH-resistant control virus (8). 
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As ev ident  f rom Table  4, H S I S  virus  for shor t  per iods  of t ime  was s table  a t  
- - 2 0  ~ + 4  ~ or 37 ~ C. I t  p roved,  however,  ve ry  sensi t ive to hea t ing  a t  56 ~ C. I B R  
tes ted  alongside d i sp layed  a similar  t e m p e r a t u r e  sens i t iv i ty  fulfilling t he r e by  
ano the r  cr i ter ion of the  herpesvirus  group (2, 19). ECBO virus,  on the  o ther  hand,  
p a r t i a l l y  wi ths tood  hea t ing  to 56~  even dur ing  pro longed  incubat ion ,  this  in 
accordance  wi th  previous  repor ts  (MOLL and  FI~LAYSO~, cit. 2). 

Table 3. Results o/ Sensitivity Tests towards Low pH 
Obtained alter 60 Minutes of Incubation at 37 ~ C 

Virus content per O.1 ml 

Viruses pI-I 7.0 pI-I 4.0 pH 3.0 pI-I 2.2 

I-ISIS 3,75 a ~0.50 <0.50 <0.50 

IB1% 7.25 ~0 .50  <0.50 <0.50 

ECBO 6.75 7.25 6.50 6.75 

Bov. l~hino 3.75 ~0.50 <0.50 <0.50  

loglo TCIDso. 

Table 4. Results o] Temperature Resistance Tests 

Virus content per 0.1 ml 

- -20  ~ C 4-4 ~ C 37 ~ C 56 ~ C 56 ~ C 56 ~ C 
Viruses 48 hrs 48 hrs 24 hrs 15 rain 30 rain 60 inin 

I-ISIS 3.00 ~ 2.75 2.75 <0.50 <0.50 ~0.50 

IBI~ n . t .  b 5.75 4.75 <0.50 <0.50 <0.50 

ECBO 6.50 6.00 6.00 2.00 1.50 0.75 

loglo TCIDso. 
b :Not tested. 

3.3. Electron Microscopy 

Using negat ive  s ta ining technique,  abou t  60 per  cent  naked  and  40 per  cent  
enveloped H S I S  virus  par t ic les  were found. Their  average  size, based  on a g rea t  
number  of de terminat ions ,  measured  100 nm when naked ,  and  160--200 n m  
(occasional ly up to 250 nm) when enveloped.  Some capsids as well as most  of thei r  
P T A - p e n e t r a t e d  cores showed a hexagonal  out l ine (Figs. 1, 4). The inner  d iamete r  
of cores measured  75 nm on the  average.  

W i t h i n  some vir ions core s t ruc tures  could be recognized. I n  some ins tances  
such s t ruc tures  conta ined  a cent ra l  r ing app rox ima t ing  35 n m  in d i ame te r  and 
p e n e t r a t e d  b y  PTA.  (Fig. 1, upper  left  corner ;  Fig.  4.) 

The capsomeres  had  the  shape  of hollow cyl inders  (Figs. 6 and  7) measur ing  
10 n m  in length  and  10 nm in width ,  wi th  a cent ra l  hole a pp rox ima t ing  2.5 n m  
(Fig. 6). Capsomeres  were a r ranged  in equi la te ra l  t r iangles  wi th  5 capsomeres  
along one edge (Fig. 7, arrows).  
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P la te  1. l~TA-negat ively s ta ined e lect ron-micrographs  of herpesvirus  strigis virions.  
Bars  ~ 100 n m  

Fig.  1. Naked  virus  particles,  showing different  contras t ing effect. Several  eapsids 
have  an hexagonal  outline,  some have  an " e m p t y " ,  others  a " fu l l "  appearance  

Figs. 2, 3. Enve loped  virus particles.  I n  F igure  3 two capsids are enclosed in a common  
envelope 



366 M. SIBALII~, F. GERSTL, L. I~162 and F. BiJ-RKI: 

Plate 2. PTA-negatively stained eleetron-mierographs of herpesvirus strigis virions. 
Bars ~ i00 nm 
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As expected, size and form of envelopes varied greatly (Figs. 3, 4 and 5). Quite 
frequently, spike-like projections were visible, forming fringes at the outer contour 
of the envelope (Fig. 4). 
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4. Discussion 

Herpesvirus strigis was shown to possess a number of biochemical and bio- 
physical properties compatible with its classification into the genus herpesvirus. 
I t s  replication was suppressed by  IUDI~, indicating its essential nucleic acid is 
DNA. I t  proved sensitive to ether, chloroform and trypsin. I t  was labile towards 
low pH and heat. All these features are common properties of established herpes- 
viruses. Most of these properties were also shared by a German isolate of I-ISIS 
virus (18). 

The observation of naked as well as enveloped virions in our negatively stained 
preparations could be expected. BURTSCttER and Se~U~MAem~R (10) in ultrathin 
sections earlier demonstrated tha t  herpesvirus strigis is present in the naked form 
in the nuclei, acquires an envelope upon passage through the nuclear membrane 
[common feature of herpesvirus replication (21)], and occurs only in enveloped 
form in the cytoplasm. The relatively high percentage of naked virions encountered 
in our PTA stained preparations might be explained by the early harvest of infected 

cells and the slow liberation (7) of herpesvirus strigis from infected cells. 
With an average diameter of 100 nm for naked and of 160 to 250 nm for 

enveloped HSIS virions our values are in good agreement with those determined 

Fig. 4. Enveloped virus partiele containing a eapsid with a bright core with a dark 
center�9 Spike-like projections surround almost the entire envelope 

Fig. 5. Enveloped virion with typical herpesvirus-like hollow capsomeres 

Fig. 6. Well eontrasted virion displaying eapsomeres as hollow cylinders and a core 
structure 

Fig. 7. Capsid with 5 capsomeres along eaeh edge of an equilateral triangle facet 
(arrows). I-Ierpesvirus ieosahedron structure and number of eapsomeres may be made out 
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for o ther  herpesviruses  in nega t ive ly  s ta ined  prepara t ions ,  i.e. herpes s implex 
virus  (22), pseudorabies  virus (17), var icel la  virus  (3), infectious l a ryngot rache i t i s  
v i rus  (12, 20). 

I n  u l t r a th in  sections (10) vir ions of herpe~viru8 strigis measured  in d i ame te r  
some 20 per  cent  less t han  in nega t ive ly  s ta ined  prepara t ions .  The same observa-  
t ion has  been made  wi th  infectious l a ryngot rache i t i s  virus  (20), ano the r  av ian  
herpesvirus .  

I n  F igure  7 a herpesvirus strigis vir ion clear ly  d isp lays  a t r i angu la r  facet  wi th  
5 capsomeres  along each edge to the  viewer.  This facet  is one of 20 in a vir ion with  
icosahedra l  s y m m e t r y  (11). Using the  formula  of I-Iot~N]~ and  WlnnY (14) 
x = 1 0 ( n - - 1 ) 2 + 2 ,  and  pu t t i ng  n : 5 ,  we arr ive  a t  a t o t a l  n u m b e r  of 162 cap- 
someres, which unequivoca l ly  classifies I-ISIS virus  as an  herpesvi rus  (14). 

Other  au thors  had  observed s imilar  core s t ruc tures  wi th  some of the i r  herpes-  
viruses (12, 20), and  also fringes on the  viral  envelope (3, 12, 20), of the  size 
recorded here for herpesvirus strigis. Thus s t ruc tu ra l ly  H S I S  vi rus  is a typ ica l  
r epresen ta t ive  of the  genus herpesvirus .  Based  on its biological  p roper t ies  descr ibed 
in our f irst  p a p e r  (7), which al lowed to d i f ferent ia te  i t  f rom other  herpesviruses,  
we proposed  t I S I S  as a new av ian  vi rus  species to  be n a m e d  herpesvirus strigis. 
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