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Summary 

Subt)~e-1 isolates of Equine herpcsvirusd (EI-IV-1) from a quadriplegie horse 
and from an aborted foetus were compared with each other and with a subtype-2 
respiratory isolate. All 3 isolates were detected in the epithelium and macrophages 
of the respiratory tract. Both the paresis and foetal subtype-1 isolates replicated 
in the epithelium of the ileum and this correlated with the recovery of virus from 
faeces in  vivo. The paresis subtype-1 isolate also had a predelection for vascular 
endothelial cells, particularly in the nasal mucosa, but also in the lungs, central 
nervous system, adrenal and thyroid. 

In  the 9 foals inoculated with the paresis isolate two developed hind limb 
dysfunction, four developed diarrhoea, and one of these 4 died with an intus- 
susceptiou. 

The differences between these isolates are discussed in relation to other herpes- 
viruses. 

Introduction 

Infection with Equine herpesvirus-1 (EHV-1) has produced abortion (10), 
rhinopneumonitis (3), and occasionally paresis (16). The subtype-2 virus of EHV-1 
has been associated only with respiratory disease and grows in  vitro in a narrower 
range of monolayers than the subtype- t  isolates (1, 2) which have been recovered 
from the upper respiratory tract, buffy coat, aborted foetuses, and the central 
nervous system of horses with locomotor dysfunction. 

Paresis had not been unequivocally associated with EHV-1 infection in the 
U.K.  until an outbreak in 1979 (7, 11), although subtype-1 virus had been 
recovered from aborted foetuses in previous years (2). The emergence of the 

0304-8608/82/0074/0041/$ 02.20 



42 J. i~. PATE;L, N. EDINGTON, and J. A. I¥[UMFO]aD: 

paresis syndrome led us to ask whether differences existed between subtype-I 
isolates of EHV-I. The paper records part of our irlvestiggtion into this problem. 

Materials and Methods 

Experimental Design 
F o u r t e e n  c o n v e n t i o n a l  foals, w e a n e d  a t  1 week  of age, a n d  one gno tob io t i e  foal 

were in fec ted  w h e n  I - - 2  weeks of age w i t h  one of t h r ee  isolates (see below a n d  Tables  1 
a n d  2) g iv ing  2.0 ml  of i noeu lum (4.25 TCI)s0/ml)  i n t r anasa l ly .  Leucocy tes  a n d  nasal ,  
eon june t iva l ,  a n d  rec ta l  swabs were t a k e n  da i ly  while  s e rum samples  were col lected 
eve ry  3 days.  A t  leas t  two foals in fec ted  w i t h  each  isola te  were au tops i ed  8 days  a f te r  
i nocu la t ion  (d .p . i . ) ,  a n d  w i t h  b o t h  sub type-1  isolates  also a t  4 d .p . i .  I n  a d d i t i o n  2 
inocu la t ed  w i t h  t he  paresis  i sola te  were m o n i t o r e d  over  8 weeks (Table  l).  A t  post -  
m o r t e m  e x a m i n a t i o n  t issues were t a k e n  for v i rus  i so la t ion  on mono laye r s  (see below) 
for  t he  de t ec t i on  of a n t i g e n  b y  I I F  (see below), a n d  for r o u t i n e  his tology.  T h e y  inc luded  
nasM mueosa ,  t r achea ,  lung,  tonsi l ,  t h y m u s ,  spleen,  l iver,  k idney ,  d u o d e n u m ,  j e j u n u m ,  
i leum, sa l iva ry  gland,  t hy ro id ,  adrena l ,  con junc t i v e ,  cornea,  l a c h r y m a l  gland,  a n d  t h e  
s u b m a n d i b u l a r ,  r e t ropharyngeM,  b roneh iM a n d  mesen te r i c  l y m p h  nodes,  as well as 
cervical ,  t ho rac ic  a n d  lambed- sp ina l  cord, a n d  samples  of cerebrM cor tex  a~ld t h e  
eerebel lar  fells.  E x t e n s i v e  sect ions  were  e x a m i n e d  b y  iml°nunofluoreseenee a n d  l igh t  
mic roscopy  f rom the  b ra in .  

Cell Cultures 
E q u i n e  e m b r y o n i c  k idney  (EK)  (18) a n d  r a b b i t  k i d n e y  (RK-13)  cells were g rown 

in  Eag le ' s  m i n i m a l  essential  m e d i u m  (5~EM) s u p p l e m e n t e d  w i t h  5 pe r  cen t  v / v  foe ta l  
calf  s e rum (FCS), 15 m ~  b i c a r b o n a t e  a n d  an t ib io t i cs .  E K  cells were used  w i t h i n  4 to  
i 0 passages  s ince t he i r  s ens i t i v i ty  to  E H V - 1  decreased  in cells of h ighe r  passage.  Tubes  
were seeded w i t h  2.5 × 10a cells in  one ml  of m e d i u m  a n d  inocu la t ed  as mono laye r s  
16 hours  a f t e r  seeding.  Af te r  i nocu la t ion  MEN[ m a i n t e n a a c e  m e d i u m  c o n t a i n i n g  2 pe r  
cent. FCS was c h a n g e d  eve ry  3 or 4 days  ovei  a pe r iod  of I0 days .  

Viruses 

The  sub type -1  foeta l  i sola te  was suppl ied  b y  I~. Burrows,  P i rbr ighv ,  whi le  t h e  
pares is  i so la te  was  f rom a pa ra lyzed  mare  (! !) a n d  t h e  s u b t y p e - 2  f rom a nasa l  swab  
col lected in a n  o u t b r e a k  of r e sp i r a to ry  disease.  

S u b t y p i n g  was e s t ab l i shed  b y  g r o w t h  or lack of g r o w t h  in E K ,  equ ine  d e r m a l  (ED),  
calf tes t i s  (BT),  a n d  r a b b i t  k i d n e y  ( R K - t 3 )  mono laye r s  (2), a n d  b y  n e u t r a l i z a t i o n  us ing  
t he  two a n t i s e r a  descr ibed  below. E a c h  isolate  was  p laque  c loned 3 t imes  in R K - 1 3  
or E K  cells, a n d  a s tock  g rown in E K  eel!s. To conf i rm s u b t y p i n g  a! iquots  of t h e  s tocks  
were  t i t r a t e d  in E K  a n d  P~K-t3 cells p r io r  to a n i m a l  inocu la t ion .  

Titration o/In/ections Virus 
Tissues s to red  a t  - - 7 0  ° C were homogen ized  to o b t a i n  I0 per  cen t  (w/v) suspens ions  

a n d  clarified a t  250 g for I0 minu te s .  Leucocytes ,  col lected in  hepar in ,  were  w a s h e d  
3 t imes  w i t h  p h o s p h a t e  buf fe red  sal ine (FBS),  a n d  r e suspended  a t  a c o n c e n t r a t i o n  
of 1 X lO7/rnh 

Serial  t en- fo ld  d i lu t ions  were m a d e  of t h e  v i rus  s tocks,  t i ssue  samples  a n d  l eucocy te  
suspensions .  These  were a b s o r b e d  for 2 hou r s  on  to conf luen t  mono taye r s  of I~K- t3  
or E K  cells in  t ubes  (subtype-  1 isolates or sub type -2  isolates  respect ively) .  S u b s e q u e n t l y  
cu l tu res  were e x a m i n e d  da i ly  over  7days  for C P E  a n d  t h e  m e d i a n  in fes t ive  dose (TCID~0) 
ca lcu la ted  b y  t he  SPEa~aMAN-K24]cB~c~-method (4). 

Infected Cells in Tissues ( I I F  Te.st) 
Frozens  8 uom sect ions  of t issues were f ixed in ace tone  a t  room t e m p e r a t u r e  for t0  min-  

utes,  a n d  air  dried.  A r a b b i t  a n t i s e r u m  to  EH-V-1 s u b t y p e - I  (13) was  a d d e d  for 1 h o u r  
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at 37 ° C. A sheep antiserum to rabbit  immunoglobulin G (IgG) which had been con- 
jugated to fluorescein isothioeyanate (FITC) (13) was then incubated on sections for 
30 minutes at 37 ° C and the preparations were eounterstained with 0.1 per cent. Evans 
blue in PBS. Sections were rinsed after each stage with PBS. Preparations were examined 
using a Vieker's incident light (M41 Photoplan) microscope fitted with a 200 watt  
mercury vapour  lamp, and with BG12, BG38 and OG.9 and OG.4 barrier filters. 
Controls were (a) tissues from uninfected foals tested as above, (b) tissues from infected 
foMs tested with a preimmune rabbit  serum. Infeeted cell controls were (a) sections 
of brains from EI-IV- 1 infected mice (13) and (b) EK monolayers infected with EHV-1 
(18). At least 400 sections taken at 200 ~m intervals from cervical, thoracic and lumbar 
spinal cord and from cerebrum and cerebellum were examined for virus infected ceils 
but  only 30 to 50 sections of other tissues were tested. 

Virus Antisera 

The preparation of hyperimmune rabbit  serum to the subtype-1 paresis isolate, 
P i, has been described previously (13). A eonvMeseent antiserum from a gnotobiotie 
foal infected with a subtype-2 isolate (18) was also used. 

Complement )Fixation (CF) Test 

Foal sera were tested for antibody to EHV-1 using the method of Bradstreet and 
Taylor, adapted by T~o~so~ et al. (18). 

Virus Neutralizing Antibody (VN)  Test 

A quantal  assay using EK cell monolayers in 96-well "Multi dish" (Linbro Scientific 
Co. Inc., I-tamden, Co~-.) was used (18). Hyperimmune rabbit  serum to the paresis 
isolate and a gnotobiotic foal serum were used as positive standards to subtypes-1 and 
-2 of EHV-1 respectively. The standard antisera and test sera were inactivated at 60 ° C 
for 30 minutes before use. 

Results 

Clinical Symptoms 

Two of the nine foals inoculated with the paresis isolate developed abnormal  
gaits involving the r ight  h ind  leg a t  8 and  l0  d .p . i ,  respectively;  another  died 
from an  intussuscept ion a t  7 d .p . i ,  and  three others developed diarrhoea, Eight  
of the 9 had tempera tures  >103.0  ° F :for a t  least 24 hours and  5 had a bi lateral  
mueopuru len t  nasal  discharge and  conjunct ivi t is .  Symptoms  associated with the 
foetal and  respiratory isolates were restricted to a rhini t is  and  conjunct ivi t is ,  bu t  
wi thou t  enerustat ions,  and  while pyrexia  occurred in 3/4 of the foals given the 
foetal isolate none occurred following inocula t ion of the  respiratory isolate. 
Clinical symptoms,  beginning  at  abou t  4 d .p . i ,  progressed unt i l  8 d .p . i ,  in animals  
infected with the paresis isolate, but. had  resolved in the other  two groups by  this 
t ime. 

Virus Excretion 

The recovery of virus from swabs is summarized in Table  1. Virus was isolated 
from nasal  swabs in each group of animals  bu t  was only isolated from the buffy 
coat of foals infected with the foetal and  paresis subtype-1 isolates. I n  addi t ion  
faecal swabs yielded virus a t  6 and  7 d .p . i ,  in 2 foals given the paresis isolate and  
at  6 d .p . i ,  in one foal given the foetal isolate. Conjunet iva l  shedding of virus was 
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Table 1. A comparison o/ the recovery o] 3 isolates o / E H  V-t /tom samples taken /tom 
]oals in/ected at 1--2 weeks of age 

Duration in days No. of foals 
Isolate 10 20 30 Virus 
of EHV-1 Route ] I l I isolation t > 103.0 ° F  

Nasal 

--I 

7/9 

Subtype- t 

"Paresis"  
Bul ly  coat - - I  9/9 8/9 

--I 

Faecal  

Ocular 
m 

2/9 

2/9 

Subtype-1 

"Foe ta l"  

Nasal 3/4 

Buffy coat 

Faecal  
Ocular 

- r  

-i 
-I 

4/4 

3/4 

1/4 
0/4 

NasM b 
Subtype- 2 

Buffy coat 
"Respi ra tory"  

Faecal  
Ocular b 

2/2 

0/2 

0/2 
U2 

0/2 

I Day of post-mortem examination 
a Death  following infection with EItV-1 
b Gnotobiot, ic foal 

de t ec t ed  over  a s imilar  per iod in 2 foals with the  paresis  isolate  and  1 gnotobio t ic  
foal  infected wi th  the  r e sp i r a to ry  isolate.  I n  the  two foals inocula ted  wi th  the  
paresis  isola te  and  k e p t  for observa t ions  vi rus  was de tec ted  in nasa l  swabs up  to  
21 and  10 d . p . i ,  respect ively ,  while v i raemia  was observed up  to 10 and  8 d . p . i .  
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Detection of Virus in Tissues 

Virus Isola t ion 

The results are summarized in Table 2, in which the n u m b e r  of tissues is 
restr icted to those from which isolations were made (el. Materials and  Methods). 
Whils t  with all three isolates virus was recovered from the upper  respiratory t rac t  
including the submand ibu la r  and  re t ropharyngeal  l ymph  nodes, only foals infected 
with the paresis and  foetal isolates showed evidence of virus in the t hymus  and  
small  intest ine.  The t~tre of virus in the i leum was higher t h a n  in any  other tissue, 
reaching 106.° TCID50/gm in  one foal. I n  other tissues virus ranged from 102.4.7 
TCIDso/gm (Table 2). Only in animals  receiving the paresis isolate was virus 
recovered from the central  nervous  system. While  9 of the l l foals given the 
paresis or foetal isolate were viraemie a t  necropsy the ma jo r i ty  of tissues, including 
such vascular  organs as spleen and  liver were negat ive for virus. 

Table 2. Recovery o] the isolates o] EH V-1/tom in/coted ]oals at post.mortera examination 

System Tissue 

Isolate of EItV.1 
Subtype-1 Subtype-2 

Paresis Foetal Respiratory 

4 d.p.i .  8 d.p.i .  4 d.p.i .  8 d.p.i .  8 d.p.i .  

N V N V N V N V N V 

Respiratory Nasal mucosa 3/3 10 2.7 3/4 10 2.0 1/2 10 2,° 2/2 10 3.8 2/2 10 a.2 
S3/ILN 1/3 10 2.o 2/4 10 2,o 1/2 10 2.o t/2 10 2.0 1/2 a 10 3.o 
I~PLN 2/4 l02.0 1/2 10 ~.° 1/2 10 ~.o 
Trachea 1/2 t0 2.0 t/2 10 2.0 
Lung 212 103.0 114 103.0 112 102.0 112 10 a.° 
Conjunctiva ND ND I/2 103.o 1/2 102.0 
Cornea ND ND 1/2 102.o 

Lympho- Thymus 2/3 10 a.° 2/4 10 3.5 - - -  2/2 10 2.5 - -  - -  
reticular Leucocytes 2/3 + 4/4 + 2/2 @ 1/2 + 

Alimentary Sma, lt i n ~ e s t i n e -  - -  3/4 I04,° 1/2 t02.0 - -  - -  

Central Spinal cord 
nervous Cerebellum 
system 

1/3 10 2.0 2/4 10 a,o 

Others Kidney 1/4 102.8 
Thyroid 1/4 102.0 
Adrenal 1/4 102.0 

N Number of foals from which virus was isolated/number of foals examined 
V Mean of TCID~0/gm of wet tissue 
a Gnotobiot, ie foal 
ND Not examined 
-i- Isolation of virus from 108 leucocytes 
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Virus by Immunofluoresceace 

Detection of antigen by immunofluorcseenee correlated with virus isolation; 
location in the respiratory t ract  occurring wi~h all three isolates; in the thymus 
and small intestine with paresis and foetM isolates; and in the central nervous 
system with only the paresis isolate. Aut, igen was evident in both cytoplasm and 
nucleus and characteristic intranuelcar inclusion bodies were often present (Fig. 1). 
Examination of cellular localization indicated that  M] three isolates infected nasal 
mucosa (Fig. 1), bronchial epithelium and alveolar cells: these latter had the 
appearance of pneumonocytes. Sections of corne~, conjuuctiva and lachrymM 
gland showed tha t  the virus replicated in the conjunctival epithelium (Fig. 2). In  
the small intestine virus was predominantly in the epithelial cells of the crypts 
(Fig. 3) while in the animal with an intussusception many  desquamated cells 
showed positive fluorescence. Occasionally single or foei of positive lymphoid 

Fig. 1. Turbinate epithelium from a foM 8 days after intranasM adrninistraticm of 
subtype-2 EItV-1. The focus of antigen positive cells show fluorescence both diffusely 

in the cytoplasm and within the intranucle~r inclusion bodies. ( × 480) 
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Fig. 2. Isolated epithelial cells in the conjunetival epithelium of a foal killed 8 days 
after infection with the paresis subtype-1 isolate show diffuse fluorescence. (× 480) 

cells could also be seen in Peyer ' s  patches .  Cort ical  l ymphob la s to id  cells were 
mos t  of ten infected in the  t hymus ,  while in l y m p h  nodes macrophages  and  
lymphob la s t s  showed fluorescence. 

The paresis  isolate showed a t rop i sm for endothel ia l  ceils and  this  was observed 
p r e d o m i n a n t l y  in ar ter ies  and  capil lar ies  of the  nasa l  mucosa,  lung and  centra l  
nervous  sys tem.  Foc i  of infect ion were seen in the  re te  ar ter iosus of the  nasa l  
mucosa  (Fig. 4) and  in the  same section these were occasional ly  associa ted wi th  
th rombi .  In fec ted  c i rculat ing lymphocy te s  were often seen in these sections. A 
similar  endothe l ia l  d i s t r ibu t ion  occurred in the  p u l m o n a r y  ar ter ies  b u t  was less 
f requen t ly  de tec ted  while endothel iM t rop i sm in vessels of the  spinal  cord occurred 
bo th  in the  whi te  and  grey  m a t t e r  of the  foals wi th  locomotor  dys func t ion  (Fig. 5) 
bu t  was infrequent .  Virus was no t  de t ec t ed  in neurones or o ther  neura l  cells. 

I n  the  foal  which died with  an  in tussuscept ion  fluorescence in endothe l ia l  cells 
of ar ter io les  was also de tec ted  in the  thyro id ,  adrenal ,  k idney  and  l y m p h  nodes 
as well as t he  lungs and nasa l  mueosa,  
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Fig,  3. The ent ire  epi thel ium of the c rypt  of the i leum is posit ive for viral  ant igen in 
this  foal which died 8 days af ter  infection with the  paresis isolate of E H V - t ,  The  foal 
had  an intussuscept ion and bronehopneumonia  a t  post  m o r t e m  examinat ion .  ( × 4,80) 

Fig.  4. Fluoreseil lg in t ranuelear  inclusions and a diffuse dis t r ibut ion of viral  an t igen  
in the  cytoplasm is visible in a focus of endotheliM cells l ining an ar ter iole  of t h e  nasal  
mueosa  f rom a foal killed 4 days after  in t ranasal  infection wi th  the  paresis isMate of 

EHV-1.  Isola ted  infected cells are also visible ( ]" ). ( × 480) 

Serology 
P r e i n o c u l a t i o n  neu t r a l i z ing  a n d  c o m p l e m e n t  f ix ing  t i t r e s  were  < t : 8 aga in s t  

t h e  homologous  i so la te  and  d id  n o t  r ise in 13 foals  du r ing  t h e  four  or  e igh t  d a y s  
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Fig.  5. A n  i so la ted  cap i l la ry  endo the l i a l  cell irt t h e  v e n t r a l  h o r n  of t h e  l u m b a r  sp ina l  
cord  is pos i t ive  for  v i r a l  an t i gen .  The  foal showed  a pe r s i s t en t  la te ra I  d e v i a t i o n  of t h e  
r i gh t  hock  7 days  a f t e r  i n t r a n a s a I  in fec t ion  w i t h  t h e  pares is  isolate.  I so l a t ed  h a e m o r -  

rhages  were seen in  t ho rac i c  a n d  l u m b a r  sp ina l  cord. ( × 480) 

of observation. Increases >4-fold occurred by 14 d.p.i, in both of the foals kept 
for a further period of observation. 

Discussion 

Variation in virulence between serologically indistinguishable strains of herpes- 
viruses has been recorded with Marek's disease virus (MDV) (14), infectious bovine 
rhinotracheitis virus (IBRV) (20) and Aujeszky's disease (9). While the virulence 
of MDV has been shown to vary with the strain of bird the relative virulence 
remained constant between viruses (14), yet  no markers for virulence appear to 
have been determined (12, 17). Similarly with IBRV strains of differing organ 
tropism i.e. genital and respiratory strains have been identified although they 
cannot be distinguished serologieally. With EHV-1 the predelection is complex 
in that  all isolates replicate in the epithelium of the respiratory tract  and con- 
junctiva, but  only subtype-1 isolates infect lymphocytes, thus initiating a 
viraemia (2). The present work extends the sites of rephcation to show that  both 
subtype-1 isolates also infected epithelial cells of the small intestine and that  this 
was associated both with recovery of virus from the faeces and with diarrhoea. 
Moreover the paresis sub t~e -1  isolate also replicated in vascular endothelial cells 
of at least the respiratory t ract  and central nervous system and this in turn was 
linked to locomotor dysfunction in two foals. The predelection of the paresis 
isolate for the vessels of particularly the respiratory and central "nervous system 
(CNS) is not understood and is the subject of further investigation. Since the 
epithelium of nasal mucosa is the site of primary replication it is perhaps not 

4 Arch. ViroL 74/1 



50 J, I~. PATEI~, N. EDINGTON, and J. A. MUSIFOI~D : 

unexpected to find the plexus of nasal vessels infected. Detection in endothelial 
cells in the eentraI nervous system was much less frequent and may represent a 
sampling bias as at least ten times as many- sections were examined in the process 
of investigating the pathogenesis of EHV-1 induced paresis. That, the predelection 
is not restricted solely to respiratory and 
endothelial infection in a wider range of 
lymph nodes) in the single foal that  died 
affinity for endothelial cells is not an age 

CNS is supported by the detection of 
tissues (adrenal, thyroid, kidney and 
7 d.p.i, with an intussusception. The 
linked tropism of the sort seen with 

human and porcine eytomegaloviruses (5, 8) since it has been observed in adult 
horses infected with this paresis isolate of EHV-1 (6). 

SABIS~ et al. (]5) compared isolates of EHV-1 using restriction endonueleases 
and identified differences between subt~es-1 and -2, but did not find significant 
differences between isolates examined within the subtype. TUI~TINEN e~ 6~. (19) 
confirmed this observation suggesting absence of virion protein 8 a and reduction 
of virion protein 19 as the difference between subtype-2 and subt~e-1  isolates. 
They also reported minor unspecified differences in protein profile between 
isolates within the subtype. However, there was no evidence in either study that  
the isolates within subtype-1 or -2 expressed any biological differences. The 
identification of isolates of subtype-1 which differ in their cell tropism would 
justify further examination to determine whether related differences in bio- 
chemical profile can be distinguished. The identification of such differences must 
be of potential use in the diagnosis, prognosis and prevention of EHV-1 infection. 

Acknowledgments 
Dr. 1~. Burrows, Animal Virus l~esearch Institute, Pirbright, kindly supplied the 

foetal isolate of EHV-1. 
We should like to thank L. Griffiths and J, Campbell for their capable technical 

assistance and the staff of the gnotobiotie unit for their care in rearing the foals. The 
work was generously supported by a gr~nt from The Horseraee Betting Levy Board. 

Refere;mes 

1. BAGUST, T. J.:  Tile equine herpesvirus. Vet. Bull., ~¥eybridge 41, 79--92 (197i). 
2. BV'RROWS, 1~., GOOD,raGE, D.  : I n  v ivo  and i n  v i t ro  studies of equine rhino- 

pneumonitis virus strains. Proe. 3rd Inf. Conf. Equine Infect. Dis., 306--321 (1972). 
3. Donn, E. 1~., BRYANS, J. T. : Epizootiology of equine virM rhinopneumonitis. 

J. Amer. vet.. reed. Ass. 142, 31---37 (1963). 
¢. DOUGHERT¥, ~. M. : Animal virus titration techniques. Experimental Virology, 

169--223. New York: Academic Press 1974. 
5. ED~rGTON, N., P~OWRm~T, W., WATt, R. G. : Generalised porcine eytomegMie 

inclusion disease: distribution of cytomegMic cells and virus. J. eomp. Path. 86, 
191--202 (1976). 

6. EDINGTON, N., PATEL, J. R., 5fUlfil[FORD, J. A., BRIDGES, C. G. : Vascular changes 
in horses infected with a paresis inducing isolate of equine/herpesvirus-1 (in press). 

7. GREElY-WOOD, I~. E. S. : Rhinopneumonitis outbreak at. Newmarket. Vet. l~ee. 1114, 
534--535 (1979). 

8. ttA~SH-~.W, J. B.: Congenital and acquired cytomegalovirus infect, ion. Virology 
Monographs, Vol. 3. Vgien-New York: Springer 1968. 

9. KAPLA~, A. S. : Herpes simplex and pseudorabies virus. Virology Monographs, 
Vol. 5. Wien-New York: Springer 1969. 



Variation in Cellular Tropism Between Isolates of EHV-I 51 

i0. MANNINGE~a, R. : Studies on infectious abortions in mares due to a filterable virus. 
Aeta vet. Acad. Sci., Hung. I, 62-68 (1949). 

11. MUMFOaD, J. A., EDI~GTON, N.: EHV-I and equine paresis. Vet. Ree. 106, 277 
(1980). 

12. MIJRTI~Y, K. K., CALNECK, B. W.: Marek's disease tumours associated antigen 
(I~IATSA) in resistant versus susceptible chickens. Avian Dis. 23, 831--837 (1979). 

13. PAWEL, J. R., EDI~CTO~, N. : Differentiation of respiratory abortion and paresis 
isolates of equine herpes virus- 1 (EHV- I) iv: mice. (In press.) 

14. PUIaCHASE, m. G., BIGGS, P. M.: Charaeterisation of five :isolates of Marek's 
disease. Res. Vet. Sci. 8, 440--446 (1967). 

15. SABINE, M., ROBERTSOI% G. R., WI~IALLEY, J. M. : Differentiation of subtypes of 
equine herpesvirus-i by restriction endonuclease analysis. Aust. vet. J. 51, 148-- 
149 (1981). 

i6. S)~XE(~AARD, F.:  IsoI~tion and identification of equine rhinopneumonitis virus 
(equine abortion virus) from eases of abortion and paralysis. Nord. vet. Med. 18, 
504--510 (1966). 

17. SH~.~?,l,k, J.  M., BUI~IVIENTER, B. R.:  Immune mechanisms in Marek's Disease 
Comp. Immunol.  Microbiol. infect. Dis. 1, 153--159 (1979). 

18. T~oNso~-, G. R., MUNFORD, J.  A., CAMPBmm, J. ,  GRIFFITttS, L.: Serological 
detection of equine herpesvirus-1 infections of the respiratory tract. Equine vet.  
J. 8, 58--65 (1976). 

19. TURTINEN, L. W., ALLEN, G. P., DARLINGTON, R. W., BRYAN'S, J. T.: Serologic 
and molecular comparisons of several equine herpesvirus type-1 strains. Am. J .  
vet.  Res. 42, 2099 -2t04(1982). 

20. YORK, C. J . :  Infectious bovine rhinotracheitis. J.  am. vet.  reed. Ass. 152, 758 
768 (1968). 

Authors' address : Dr. N. EDI~GTON, Department of Microbiology and Parasitology, 
Royal Veterinary College, Royal College Street, London NW 1 0TU, United Kingdom. 

Received March 29, 1982 

4* 


