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ABSTRACT 

The e p i dem i ol ogy of i nf ecti ons wi th e qu i ne her pesvi rus ( EHV ) 

t y pes 1 and 2 i n  f o als on a Thoroughbr ed stud i n  N ew Z e al an d  was 

i nvest i ga t ed . As par t of thi s  stud y  an ELISA test was de vel oped to 

m e asure anti body ti tr es t o  EHV- 2 in e qui n e  sera . All the sera 

col l ected f rom the f oals befor e the i ngesti on of col os trum wer e 

n egati ve f or anti bodi es to both E HV-1 an d EHV-2 .  S oon af t er 

s ucki ng ,  t hese f oals ha d serum ant i body l evels aga i ns t  these two 

vi ruses si m i l ar t o  those of t he i r  dams . The mat ern al l y  deri ved 

ant i body to E HV - 1  l as t ed f or 3-4 m onths and ant i body t i t r es rose 

a gai n at aro und weani ng time . In contr ast , passi vel y ac qui red 

anti body to E HV-2 was rapi dl y  supplemen t ed by act i ve l y  produ ced 

anti body . 

Serol ogi cal ev i de nce sugges t ed that mos t  of the f oals ( 85%) 

be cam e  i nfected  wi th EHV- 1 ,  and 25%  wer e r e i nfected i n  the i r  f i rst 

t en months of l i f e ; how ever EHV- 1 w as not re cove r ed e i the r f rom 

t hese mar es or thei r foals d uri ng the i nv es t i gation peri od despi t e  

t he l ar ge i ncrease i n  ant i body t i t r es .  S er ol ogi cal evi de nce of 

EHV- 1 i nf e c t i on i n  f oals i ndi cat e d  that this occ urred  ar ound t he 

time of weani ng when t he mat er nal l y  de r i ve d  ant i body had de cl i ned t o  

a l evel whi ch was pr esumabl y unprot e cti ve . T he cl i ni cal si gns whi ch 

devel ope d a f t er EHV- 1 i nf ect i on w er e  ver y  m i l d ,  the m a i n  symptom 

obser ved b e i ng a pr of use nasal dischar ge usual l y  l asti ng two or 

thr ee days , o ccasi onal l y  wi th an el evat i on of body t em per atur e .  The 

sour ce of E HV- 1 i nf e c t i o n  i n  f o als could n ot be det erm i ned and ther e  

was no evi de nce t o  suggest that t he i r  dams wer e i nf ected wi th EHV- 1 

around the time when the f oals be cam e  i nfected . H owever , a 
3 

r el at ionshi p between prei nfection  anti body t i tr es ( l og 1 0  ) agai nst 

EHV- 1 and t he v i ral i nf ecti on was obser ve'd . 

I n  cont r ast , EHV- 2 was isol ated from al l of the foals by 2 to 4 

months of age . The v i rus i nf ecti on persi sted i n  these ani mals f or 2 

to 6 months and sti m ul ated conti nuous prod u c ti on of anti body . As 

soon as the ant i body l evel aga i nst EHV-2 reached a peak , the 

i i 



i i i 

i s ol a tion of the v i r us decreased , an d eventual ly EHV- 2 was no l onger 

i sol at ed f rom thes e f oal s by 9 months of age . The f oal s poss i bl y  

dam s  

EHV-2 

co ntracted EHV- 2 i nf ection f r om their 

e xcr eted the v i rus ar ound the t i m e  when 

thei r foal s . Cl i ni cal reacti ons a t  

i nf ect i on var i ed f rom f oal t o  f oal,  

around 

rangi ng 

si nce s om e  of t hem 

was i s ol at ed f rom 

the t i m e  o f  EHV- 2 

f r om s ubcl i ni cal to 

f ever , mucopur ul ent n asal di schar ge ar.d sw ell en submandi bular l ym ph 

no des . Two s ever el y  aff ected f oal s f rom whi ch EHV-2 was i sol at ed 

d i e d  of compl icati ons r esul ti ng f r om  secondary bact er a em i a .  F r om  

t hes e f i nd i ng s , an as s oci at i on betw een E HV-2 and the r es pi rat ory 

d i sease obs erved i n  these f o al s  was pos t ul ated . H owever , t he 

possi bl e  r ol e  of EHV -2 as a pat hoge n f or young f oal s ne eds 

conf i rmati on by f urther studi es i ncl udi ng e xpe riment al i nfection of 

gn,otob i ot i c  f oal s .  

A trai l for eval ua t i on of P neumabort- K ( an EHV- 1 s ub t ype 

vacci ne ) was conduct e d  i n  these f oal s .  A ni m al s  inoculat e d  wi th t he 

vacci ne at t he age of 30 an d 60 days f ai l ed t o  respond s er ol og i ca l l y  

t o  the imm uni zation , an d i t  was as s ume d that thi s  was d ue t o  the 

i nt eref er ence of the high l evel s  of pass i vely acqu i red ant i body . 

Based on thi s observa t i on ,  another E HV- 1 vaccin ati on proce d ur e  f or 

f oal s comm enci ng at 80 -90 days was recomm ende d.  



iv 

ACKNOWLEDGEMENT 

The work described in this the s is was jointly supported by a 

China-NZ exchange scholarship , the Depar tment o f· Vete rinary Patho lgy 

and Pub lic Health, Massey Unive rs i ty , and Mr . D . Benjamin of Fie ld 

House , Matamata . 

Thanks are due to Pro fes sor B . W . Mankete low who. k indly mad e  

available the fac ili ties of the Department o f  Vete rinary Pathology 

and Public Health, Massey Un ive rsity for this study . 

I would par ticularly like to thank Dr . R . B . Marshal l ,  my 

superviso r ,  for his continuous help and encouragement t hro ughout 

this project ; Dr . D . J . Hampson for his commentary on some of the 

experimen t s , and par ticularly in the preparation o f  this thesis; 

Dr . M . R . Al ley for hi s he lp wheneve r  ne ed ed ; and Mrs . Linley Denby 

for her exce llent technical assis te nce . 

The friendship and effor t o f  the staff o f  

Vete rina ry Services , involving co llec tion of a l l  

use ful d iscuss ions and gene rous hospitali ty , 

appreciated , and special thanks are due to Me rss 

J . B . Grimme t t , and P . D . Jolly.  

the Ma tama ta 

t he mate rial s ,  

a re greatly 

L . G . Dickinson , 

I am a l so ind eted to Dr . A . J . Robinson , dire c to r o f  M RC Virus 

Research Uni t ,  for his ent husiasm and usefu l  sugge stions ; Mr . 

G .W . Horne r ,  Vete rina ry Investigation Officer o f  Ruakura Animal 

Health Laboratory , Hamil ton for advice and kind ly sup p ling EHV- 1 and 

EHV-2 viruses .  

Finally , I would also like to tha nk all the staff in the 

Department o f  Veterinary Patho logy and Public Health,  e specially 

Pro fessor D . K . Blackmore for guidance in Epid emiology , Dr . 

K . M . Moriaty for advice in Immunology , Dr . G.V . Pete r son for help 

with statis tical analysis , Mr. P . N . Wildbore for adminis trative 

assistance ,  a nd Mr . T . Law for the preparation of the pho tographs . 



Chapter 1 

Chapter 2 

2 .  1 

2 .  1 .  1 

2 .  1 .  2 

2 . 1 . 3 

2 .  1 .  4 

2 . 2  

2 . 2 . 1 

TABLE OF CONTENTS 

ABSTRACT 

ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

INDEX OF TABLES 

INDEX OF FIGURES AND PLATES 

INTRODUCTION 

LITERATURE REVIEW 

Equine Herpesviruses 

Introduc tion 

Virion Mophology and Struc ture 

Resistance of EHVs to Inactivation 

Pro pagat ion of EHV 

Equine Herpesvirus Type 

Clinical Man ifes tations and Pathology of EHV- 1 

Infec tion 

Respiratory Disease 

Abortion 

Perinatal Mortality 

Paralysis 

2 . 2 . 2  Epidemiology of EHV- 1 Infec tion 

2 . 2 . 3  
·
Immunity to EHV- 1 Infection 

2 . 2 . 4  Immun i zation against EHV- 1 Infec tion 

2 . 3  Equine Herpesvirus Type 2 

2 . 3 . 1 Int roduction 

2 . 3 . 2  Clinical signs and pathology 

2 . 3 . 3 Epidemiology and Immunology of EHV-2 Infec tion 

V 

i i  

iv 

V 

ix 

X 

1 

4 

4 

4 

4 

6 

1 
1 0  

1 0  

1 0  

1 2  

1 3  

1 5  

1 6  

2 0  

2 3  

27 

27 

2 7  

3 1  



Chapter 3 MATERIALS and METHODS · 

3 . 1 Animal s  

v i  

35  

35  

3 . 2  Sampling Procedures for Horses 35 

3 . 2 . 1  Nasal swabs 35 

3 . 2 . 2  Sera 36 

3 . 3  Cell Cul ture 36 

3 . 3 . 1 Storing and Recons titution of c e l ls 36 

3 . 3 . 2  Growth and Tryps inization of Con fluent Monolayers 37 

3 . 4  Virus I solation 37 

3 . 5 Production of Virus Stocks 38 

3 . 5 . 1 EHV- 1 38 

3 . 5 . 2  EHV-2 38 

3 . 6  Titration of Viruses 39  

3 . 7  Virus Identi fication 39 

3 . 7 . 1 Observation o f  Virus Behaviour in Cell Culture 39 

3 . 7 . 2  Electron Microscopy (EM) 39 

3 . 7 . 3  Chloro form Sens itivity 40 

3 . 7 . 4  Staining of Inclus ion Bodies 40 

Chapter 4 THE DEVELOPEMENT OF AN ELISA TEST FOR DETECTING 

ANTIBOD I ES AGAINST EHV-2 IN EQU INE SERA 

4 . 1 Introd uc tion 

4 . 2  Materials and Methods 

4 . 2 . 1  _Preparat ion of Antigen 

4 . 2 . 2  ELISA P rocedures 

4 . 2 . 3  Standard ization o f  ELISA 

.A Titration of Serum and Conjuga te 

B Dete rmination o f  Optimum Ant igen Concentration 

C Colour Development 

4 . 2 . 4 Titration of Tes t  Sera 

4 . 2 . 5  Expression of the ELISA Result 

4 . 2 . 6  Compar ision o f  ELI SA Results with SN Results 

and Virus Isolation 

4 . 3  Resul ts 

4 . 3 . 1  Antigen 

4 . 3 . 2 Standard ization o f  Serum and Conjugate 

4 . 3 . 3  Determination o f  Optimum Antigen Concentration 

4 1  

4 1  

4 1  

4 1  

42 

43 

43 

4 4  

44 

45  

4 5  

46  

46 

46  

46  

•47 



4 . 3 . 4  

4 . 3 . 5  

4 . 3 . 6  

4 . 4  

Chapter 5 

5 .  1 

5 . 2  

5 . 3  

A 

B 

5 . 3 . 3 

A 

B 

c 

Colour Developement 

Titration o f  Test Sera 

Coroparision of ELISA Titres with SN Titres 

Discussion 

EQU INE HERPESVIRUS TYPE 1 

Introd uction 

Meterials and Methods 

Results 

Passive Immunity 

Response to Vaccination in Thoro ughbreds 

Response of Mares to Vaccine 

Response of Foals to Vac cine 

Evidence of Infec tion with EHV- 1 

EHV- 1 Infec tion in Foals 

EHV- 1 Infec tion i n  Mares 

Effect of Mate rnall y  Derived Ant i body on Response to 

Vaccination and the Occurrence o f  EHV- 1 Infec tion in 

Thoroughbred Foals 

5 . 3 . 4  Rel�tionship between EHV- 1 Infec tion and Respiratory 

5 . 4  

Chapter 6 

6 . 1 

6 . 2  

6 . 2 .  1 

6 . 2 . 2  

6 . 2 . 3  

A 

B 

6 . 2 . 4 

6 . 2 . 5  

6 . 3  

Disease 

Discussion 

EQU IN E HERPESVIRUS 2 

Introduction 

Resul ts 

Maternally Derived Antibody 

Virus Isolation 

Serological Response 

Serological Response of Foals to EHV-2 Infection 

Serological Response of Mares to EHV-2 Infec tion 

Clinical Observa t i on Associated with EHV-2 Infec tion 

in The Foals 

Charac te r i zation o f  Viral Isolate s  

Discussion 

v i i  

4 7  

4 8  

4 8  

4 9  

6 1  

6 1  

62 

63 

6 3  

63 

6 3  

6 3  

6 4  

6 4  

6 5  

65  

66  

66  

74  

74 

7 5  

7 5  

7 5  

7 6  

7 6  

7 6  

7 7  

7 8  

7 8  



Chapter 7 GENERAL CONCLUSION 

APPENDIX I 

APPENDIX I I  

REFERENCES 

viii 

94 

97 

1 0 0  

1 04 



Table 4- 1 

Table 4-2 

Ta ble 4- 3 

INDEX O F  TABLES 

Pro tein contents of viral and control antigens 

Serum-con jugate cheque rboard ti tration 

Antibody titres to EHV- 2 as measured by serum 

neutralisation ( SN)  test and by ELISA te s t  

Table 5- 1 Serum antibody titres against EHV- 1 in mares and 

in their foa s l s  after consumpt ion of colos trum 

Table 5- 2 Serum antibody titres against EHV- 1 in mares and 

in their foals at one month of age 

Table 6- 1 Serum antibody titres against EHV- 2 in mares and 

in their foa ls afte r inges tion of colos trum 

Table 6-2 Recovery of EHV- 2 from foals 

Table 6- 3 Recovery of EHV-2 from mares 

ix 

52 

53  

54 

7 1  

72 

84 

8 5  

86 



X 

INDEX OF FIGURES AND PLATES 

Figure 4- 1 Compar ison of ELI SA ac tivities at different dil ution 

of serum and conjugate 55 

Figure 4-2 Compar ison of ELISA activities at different antigen 

concentrations ( s trongly positive serum ) 5 6  

Figure 4- 3 Comparison of ELISA activities at different antigen 

concent rations (weakly positive an d negative se ra )  5 7  

Figure 4 - 4  Titration curve s of representat ive sera 58 

Figure 4-5 Comparison of SN and ELISA antibody titres against 

EHV-2 

Figure 4- 6 Fre quency dis t ribution o f  EHV-2 antibody titres 

Figure 5- 1 

Figure 6- 1 

Figure 6- 2 

Figure 6- 3 

obtained by SN and ELISA 

ELISA antibody t itres agains t EHV- 1 in mares and 

the ir foals 

Inc idence o f  EHV- 2 infec tion in foal s 

Prevalence of EHV-2 infec tion in foals 

ELISA antibody t itres agains t EHV-2 in mares and 

their foals 

59 

60 

73 

87 

88 

89 

Figure 

Figure 

6- 4 

6-5 

Serological response o f  foal No . 1 to EHV-2 infec tion 90 

Serological response of foal No . 1 1  to E HV-2 

infection 9 1  

Plate 6- 1 Characteris tic CPE of EHV- 2 ( 3  days pos t infection ) 92 

Plate 6-2 Characteristic CPE of EHV-2 (5 days pos t infec tion ) 92 

Plate 6- 3 Cowdry type A inclusion bodies in EHV-2 infected 

cells 93 

Plate 6- 4 Morphology of EHV- 2 under EM (envelope d , empty 

particle ) 93  



C hapter 1 

INTRODUCT I ON 

Respi ratory d i sease among young horses i n  the f i rs t  ye ar of 

l i f e  appears to be a common probl em on thorou ghbred  s t uds i n  N ew 

Zeal an d  (Jolly e t  al . ,  1 985 ) . Prel i mi nary i nves t i ga t i ons by Ruakura 

Ani mal H eal th L aborat ory (RAHL ) , Ham i l t on ( G . W . Hor ner , per sonal 

communi cation) and by M as sey Uni versi ty ( A . J .  R o b i ns on , personal 

commun i cat i on ) of the hor s e  po pul at i on of N ew Zeal and , and of one 

s tud i n  par ticul ar ,  have i n d i cated that e quine r es p i ratory v i ruses 

ar e f r e quently i nvolved and may be the i ni ti ators of the d i seas es 

observe d .  I n  these studi es e quine her pes v i rus types 1 ( EHV- 1 ) and 2 

(�HV�) i n  par t i cul ar have been impl ica t ed . Recen tl y , a ser ol og i cal 

survey was co nduc t ed on a seri es of 71 ser a  from young horses from 

thr oughout N ew Zeal and and wi th a hi st ory of r es p i r ator y  dise ase . 

S even t y  perce nt ( 4 6/6 6 ) of them wer e f ound to be pos i t i ve to EHV- 1 , 

and 9 9 %  ( 6 6 /67 ) were pos i t i ve to EHV- 2 ( J olly , 1 9 8 3 ) . I nfl uenza 

v i ruses , whi ch are  one of the i mpor t ant causes of res pi rat ory 

di sease worl dwi de , have s t i l l  not been det ected i n  N ew Z eal and . 

EHV- 1 i nf ect i on of hor ses was f i rs t  f ound t o  be pres ent i n  N ew 

Zeal an d  in 1 9 6 4  when 3 1  ser a fr om horses f r om th i s  count ry were 

tes ted f or ant i bod i es aga i ns t  EHV- 1 (Matumot o  et al . ,  1 9 65 ) .  All  

but one of  these s era t ested  were posi t i ve t o  EHV- 1 by serum 

neutral i sat i on ( SN )  and/ or compl ement f i xat i on (CF) tes ts . Lat er , 

P e ar ce and A l l ey ( 1 9 76 ) conducte d a s urvey of abor t e d  f oetuses and 

f oals  ( f rom 1 97 2  to 1 975 ) an d f ound ne i ther h i stol ogi ca l  nor 

v i r ologi cal evi dence of EHV-1 i nf e c tion . Subsequently , Hutton and 

D urham ( 1 977 ) r epor ted the f i r s t  out br eak of EHV-1 i nduced abor t i on 

i n  N ew Zeal and , whi ch occ urr e d  on a S outh I sl and s tud , and EHV- 1 was 

i sol ated f rom the abor ted f oetuses . I n  the rol l ow i ng s e as o n ,  two· 

more outbreaks occurred , one o n  an Auckl an d  property and t he other 

on the same S outh I sl and proper ty ( J ol l y, 1983). However , EHV- 1 

abor t i on has not been report e d  s i nce then , while r es p i rator y  d i sease 

associ ated wi th EHV-1 i n  young horses i s  s t i l l  f r equen tly repor t ed 
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( Horner et  al . ,  1 97 6 ;  J oll y ,  1 983 ) . I n  1 97 6 , Hor ner et al . 

repor t ed an outbreak of res p i r a t ory d i seas e i n  s uckl i ng f oals and 

yearl i ngs on a Thoroughbr ed stud , and EHV- 1 was i sol a t e d  from n asal 

swabs . These vi ruses recovered from abor t ed f eo tuses an d from 

r espiratory tracts were conf i rmed to be EHV- 1 subty pes and 2 

respec t i ve l y  by cr oss neut ral i zat i on tes ts ( Horner , 1 98 1 ) and by 

r estri c ti o n  endonuclease anal ys i s  ( S tuddert et al . ,  1 9 8 4 ) . Th i s  i s  

i n  agr eement wi th the general pat t ern observe d ove rseas wher e 

vi ruses r e cover ed f r om 

subtype 

pat ter n .  

and thos e from 

abor t e d  f oetuses show the pat tern of EHV- 1 

r es p i r a t ory tra c ts show the subt y pe 2 

The f i rs t i sol at i on of EHV-2 i n  N ew Z ealand was made f rom the 

same out break of respiratory d i sease of foals and at t he sam e  stud 

f rom wh i ch EHV - 1  was recovered ( H or ner et al . ,  1 976 , Horner , 1 98 1  ) .  

Subse quently , a number of EHV- 2 i s ol ates have been ma d e  from b oth , 

appar entl y heal thy ani mal s as wel l as thos e wi th 

di sease . Thes e EHV- 2 i s ol at es were i den t i f i ed on 

respi rat ory 

the bas i s  of 

charac ter i s t i c  CPE , s l ow growth i n  t i ssue cul tur e  and f ormat i on of 

s t r i k i ng C owdry type A i nclus i ons ( H orner et al . ,  1976;  H or ner , 

1 9 8 1 ) ,  and also by the res t r i c t i on endonucl e ase anal ys i s  techni que 

( G . P .  A l l en and G . W .  Hor ner , personal commun i ca t i on ) . The l at t er 

method al s o  reveal ed that all the i sol a t es were not gene ti cal l y  

i dent i cal . 

The proper ty f r om wh i ch bot h EHV- 1 and EHV-2 ha d pr ev i ousl y 

been i s ol ated ( Horner et al . ,  1 976 ) w as made t h i s  subj ect of the 

current i nve sti gat i on .  Whe n i t  was f i r s t  es tabl i she d i n  the Waikato  

area , ther e wer e  o nl y  1 0- 1 2  mar es and no s t all i ons . I n  the breedi ng 

season t hes e mar es had to t r avel cons i derabl e d i s tances to be 

served . I n  subsequent years aft er the r epor t e d  outbreak of 

respi rat ory d i seas e ,  more f oals  become i nf ected , and t ypi cal l y  2-3 

foals di e d  of c ompl i cations. I n  the 1 980- 1 9 8 1  f o al i ng se ason , 5 

foal s d i ed of res p i ratory d i s e as e . I nves t i ga t i ons at  that ti me 

sugges t e d  that aspects of management might be contri buti ng , 

pat i cul arl y  the t ravel l i ng whi ch mi ght s t r es s  young f oal s . 

Inf e c t i o n  wi th EHV- 1 was also s uspected . I n  t he 1 9 8 1 - 1 982 foal i ng. 

season, the f i rs t  s tal l i on was purchas ed , and a k i l l ed EHV- 1 sub.type 
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vac c i ne ( Peumabor t- K )  was recommende d f or use on t h i s pr oper t y . 

The si tua t i on i n  that seaso n was appar entl y better  than i n  previ ous 

years . I n  the 1 98 2 - 1 983 season , however , thr ee f oal s d i ed of 

respiratory d i sease . In general , foals became i l l  at around 50 days 

of age , deve l opi ng a serous or purul ent nasal di scharge and swoll en 
0 

l ymph no des . There was an i ncr eas e  i n  body t emperature ( 39 -4 1  C )  

and the f o al s  were depr essed . M ost of them recovered uneventfully 

af ter one or two weeks , but each year 2-3  f oal s d i ed e i ther soon 

aft er p r i m ary i nf e c t i on or aft er a l ong period of  cl i ni cal epi s odes . 

Pos t- mor t em exami nat i on reve al ed that mos t ha d pneumoni a  an d 

lymphoadeno pathy , and a f ew had p ur pura haemorrhagi ca .  EHV- 2 was 

i sol at ed f rom near l y  all of thes e f oal s bef ore death and/ or at pos t 

mortem . EHV- 1 and e quine adenov i rus were al so r e covered f r om one 

an imal ( Hor ner et al . ,  1 985 ) . 

The present s tudy was es tabl i she d  to i nves t i ga t e  the i nc i dence 

of EHV- 1 and EHV-2 i nf ections and ·the i r  causati ve r ol e  as agents of 

�espi ratory di seases of f oal s on th i s  stud f arm . The mai n 

obj e c ti ves of thi s pr oj ect wer e f i rs tly , to i nves ti gate the 

epi demi ol g y  of EHV1 and EHV -2 i nf ec t i ons of foal s i n  the i r  f i r s t  ten 

months of  l ife . Secondly , to eval uate the eff ect of i mmuni z a t i on 

wi th the k i l l ed EHV- 1 vacc i ne ( Pneumabor t-K ) i n  young f oal s . 

F i nally , t o  attempt to es tabl i sh an asso c i ation between i nf e c t i on 

wi th e qu i ne her pes vi ruses and r e s p i ratory d i seases i n  f oa l s  obser ved 

pre v i ously . 



2 . 1  Equi ne H er pes vi ruses 

2 . 1 . 1 I ntroducti on 
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C hapter 2 

L ITE RAT URE REV IEW 

The f am il y  Her pes vi r i dae is l ar ge an d d i verse ; ind i v idual 

m embers cause a vari ety of d i seases in m any speci es , but each v i rus 

is usual l y  host- spe ci f i c . Thos e whi ch cause di seases i n  the f ami l y  

E qui dae have been des i gnated e qu i ne her p esvi rus type 1 ( EHV- 1 ) ,  type 

2 ( EHV-2 ) and type 3 ( EHV-3 ) ( Plummer and Watson , 1 9 6 3 ; Roi zman, 

1 9 73 ) .  EHV- 1 caus es abortion i n  m ares and r es p i r a t or y  d i s ease, 

p ar t i cul arl y  in young horses ( D ol l  and Bryans , 1 9 6 3 a ; C ampbel l and 

Studdert , 1 9 8 3 ) , whil e  EHV- 3 ,  also known as coi t al exan thema v i rus, 

i nduces an acute ves i cul ar ve ner eal inf ect i on of stal l ions and mares 

( Girard et al , 1 9 68 ; Studdert , 1 9 7 4 ) . However , there has be en no 

publ i shed dat a  i nd i ca t i ng a def i ni t e  as sociat ion bet ween EHV -2 and 

any cl ini cal probl ems ( Studder t , 1 9 74 ; G . P .  A l l en and G .W .  

H or ner , pers onal communi cat i on ) . These thr e e  v i ruses ar e readily  

d is tingui shed fran one another by cross neut r al iza t i o n  t es ts 

( Plummer et al . ,  1 97 3 ; S tuddert ,  1 97 4 )  and also by c e r t a in uni que 

physicochem i cal and biolog ical proper t i es ( 0' Cal l aghan et al . ,  

1 97 8 ) . This review concer ns onl y  l it er ature rel at ing t o  EHV- 1 and 

EHV-2 . 

2 .1 . 2 V ir io n  Morphol ogy an d S truc t ur e  

A s  de termi ned by el ectron ul tram icros copy of nega t ively s t a ined 

v ir ions and by thin s e c tions , e quine her p esviruses ( EHVs ) ,  l ike 

herpes viruses in other an imal s ,  c ontain a core of DNA bet ween 30-75-

nm in diam e t e r  surrounded b y  a pr otein coat ( nucl eocapsid ) that 

e xh ibits icos ahedr al sym �et ry . T he nuc l eocapsid in tur n is encl os ed 
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i n  an envel ope wh i ch i s  der i ved f r om  mod i f i ed nucl ear membr ane and 

appears t r il ayered and no n- r i g i d .  Between t he cap s i d  and t he 

envel ope i s  the tegument ar ea cont ai ni ng l ayers of amorphous 

m at eri al and l ac k i ng the mor phol ogy of a uni t-membrane s t ructure 

( Pl ummer and Waterson , 1 96 3 ; Darl i ng t on and James , 1 96 6 ; 

O'C allaghan e t  al . ,  1 97 8 ) . 

The i nt a c t  vi ri ons are approxi mat el y  1 50 - 1 98 nm i n  d i am eter . 

T he capsi d, about 1 00 nm i n  d i amet er , i s  i c osahe dral and c o ntai ns 

1 62 hol l ow s ub- uni ts ( capsomer s )  wh i ch are 8 x 1 2 . 5  nm i n  s i ze an d 

pr oj ect outwar ds , and . ar e radi a l l y  di s pl a ced and l i nk ed to one 

another by 2 nm l ong i ntercapsom er i c 

0' C al l ahan et al . ,  1 97 8 ) . 

f i bres ( Bagus t ,  1 97 1  ; 

V i ral DNA : T he genom e of EHV- 1 i s  well char act er i sed . I t  

compri ses a l i near , doubl e- stran ded DNA wi th a mol ecul ar we i ght ( MW )  
6 

o f  9 . 3  x 1 0  dal tons and a sedi mentat i on coef i c i ent of 49-52S 

( Soehner et  al . ,  1 9 65 ; O ' C all aghan et al . ,  1 978 ) .  The dens i t y  of  

t he DNA i n  C sCl  i s  1 . 7 1 6 g/ ml and i ts G + C content is  57  mol es % 

( Soehner et al , 1 9 65 ;  Pl ummer et al . ,  1 9 6 9 ) . O ' C al l a g han et al . 

( 1 97 8 ) reported the use of r es t ri ct i on endonucl e ase anal y s i s  to 

i nves ti  gate t he genom es of s t rai ns of EHV - 1 grown i n  v i vo 
-----

( hamster , EHV- 1 ha )  and i n  vi tro ( t i ss ue c ul ture6 EHV- 1 te ) . 

t o  thi rteen fragments var y i ng i n  s i z e  f r om  1 x 1 0  to 2 5 - 3 0  

Ele ven 
6 

X 1 0  

dal tons wer e r esolved i n  gel el ect r ophor eti c anal ys i s  of E coR 1 

d i g es ts of the two str ai ns of EHV- 1 .  

The nuc l ei c ac i d  of EHV-2 i s  al so doubl e- s tranded DNA , wh i ch 

appears to be non- cross l i nked , but· contai ns a number of 

s i ngl e- stranded ni cks as de term i ned by sedimentat i on i n  a l kal ine 

sucrose ( Hs i ung et  al . ,  1 969; Wharton et  al . ,  1 98 1 ) .  I t  has an 

aver age densi t y  i n  C sCl  of 1 .  7 1 6 g/ml , whi ch c orr esonds to a G + C 

r at i o  of 57 . 7  mol es% ( Pl ummer et al . ,  1 969; Wharton et al . ,  1 98 1 ) .  

By sedimentat i on and res tri ct i on endo nucl ease analysi s ,  the l at ter 

authors demonst r ated that the v i r al DNA .has a MW of about 1 2 1 -·
1 26 

6 
X 

sedimentat i on coef f i c i ent of approx imately 61 S, 
6 

1 0 dal t ons and a 

whi ch i s  i n  co ntrast to a MW of 8 4  x 1 0  dal toris an d a sed imenta t i on 

coeff i ent of 4 9 S  reported by R ussell and Cr awford ( 1 964 ) . 
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S tructural P r otei ns of V i rions : EHV- 1 v i rions are c om p os e d  of 

a t  l east 33 p ol y pepti des rangi ng i n  MW from 2 7 6 , 000 to 1 6 , 000 

dal tons wi th 27 o f  these b e i ng l ocat ed in the -enve l ope or t egument 

s t ructures (Kemp et al . ,  1 974 ; P erdue at el . ,  1 97 4 ; O ' C al l a ghan 

and Randal l , 1 97 6 ) , of whi ch there are a t  l e ast 4 gl ycoprot ei ns ,  4 

l i poprot e i ns and 9 gl ycol i poprotei ns ( Perdue et al , 1 97 4 ) .  

Rec ently , T ur ti n en and A ll en ( 1 9 8 2 )  demons trated 1 1  gl yco pr o t e i ns 

( MW 260k , 1 50 k , 1 38k , 90k , 87 k ,  65k , 6 2 k , 50k , 4 6 k , and 24 k )  wh i ch 

probabl y corr espond to v i r ion pr otei ns ( VP )  1 ,  2 ,  9b , 1 0 , 1 3 , 1 4 , 

1 6 ,  1 7 ,  1 8 ,  2 1 , 2 2 a , and 25 respec t i vel y . 

Three d i s t i n c t  s pe c i es of EHV- 1 nucl eocapsi ds 

observed and des i gnated as L ( l i gh t , P=1 . 237 

ha ve 
3 

g/cm ) ,  
3 

( i nt ermedi ate , P=1 . 2 4 4  g/ cm ) ,  and H ( heavy , P=1 . 25 8  
3 

g/cm ) .  

been 

I 

T hese 

n uc l eocapsi ds com pr i se f i ve maj or s t ruc t ural prot e i ns :  nuc l eocaps i d  

p r ot e i ns ( NC )  ( N C1=1 4 8K ,  NC2=59K , NC3=46K , NC4=37 K ,  NC5=1 8K ) whi ch 

cor r es pond to VP  9 a ,  1 9 ,  22 , 23 , an d 26 , respec t i vely  ( K emp e t  al . ,  

1 97 4 ; P erdue et al . ,  197 4 ; O ' Cal l aghan et al . ,  1 97 8 ) . Thr ee t y pes 

of i ntranucl ear nucl eo capsi ds ( empty capsi ds , capsi ds wi t h  an 

el ec t ron l ucent cor e ,  an d mature cap s i ds wi th el ect r on dense co r e )  

have been repor t e d  to be pr esent i n  EHV-2 i nfect ed cel l s  (Wharton et 

al . ,  1 98 1 ) .  

2 . 1  . 3  Res i stence of EHVs to Inact i vat i on 

EHV - 1  i nfect i vi ty i s  char acter i s t i cal ly heat- l ab i l e ,  b e i ng 
0 0 

read i l y  i na c t i vated  at 5 6  C f or 1 0  m i n u t es .  I t  i s  uns tabl e at - 2 0  
0 0 

C, but i s  r el a t i vel y  s tabl e at 4 C an d -40 C or bel ow ( Do l l  et 

al . ,  1 959 a ;  F ouad , 1 9 65 ;  R asmuss en , 1 9 66 ) and keeps wel l when 

lyoph i l i sed ( Ba gu s t ,  1 97 1 ) .  Dol l  et al . ( 1 95 9 a )  showed tha t  the 

a dd i tion of 1 0- 2 0 %  serum t o  sal i ne d i l uent reduced the thermal 

i nac t i vat i on r at e  of EHV- 1 . The i nf ec t i v i ty of thi s  v i rus suspe nde d 
0 

i n  d i s t i l l ed wat er de cr eases ten-fol d ·duri ng o ne hour at 2 2  C 

( Fo uad, 1 9 65 ) . However, i t  r emai ns i nf ec t i v e  on iron , gl as s  and 

s tr aw surf aces f or several days and on wood , paper and m ani l l a  r ope 

f or 7 to 1 4  days under f i el d  condi t i ons of tempera t ure and humi d i t y  

( Dol l e t  al .,  1 95 9a ) . Furthermor e, these authors rep or t e d  t hat 

contami nated hors e  ha i r  or oi l y  burl ap r emai ns i nf ec t i ve f or 3 5  t o  
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ll2 days . 

The v i rus i s  rap i dl y  i nact i va t ed a t  < pH 4 or >pH 1 0  ( D oll et 

al . ,  1 95 9 a ;  F ouad , 

6 . 0-6 . 7 .  EHV - 1  i s  

1 965 ) , whi l e  

sens i ti ve to 

o p t i mum 

ether , 

sur v i val occ urs at pH 

chl or of or m , s odi urn 

deoxychol ate and trypsi n (Kawakami et al . ,  1 9 6 2 )  as wel l as  1 0% 

f ormal i n ,  0 . 1 %  me thanol , e thanol and heparin ( Fouad , 1 9 65 ) . 

EHV-2 i s  sens i t i ve t o  ether an d chl orof orm (Kar pas , 1 96 6 ; 

H s i  ung et al . , 1 969 ; E ras m us , 1 97 0  ; H arden et al . ,  1 97 4 ) , and 

susce p t i bl e  to g r owth i nh i b i t i on by hal ogenated nuc l eoti des ( Karpas , 

1 9 6 6 ) .  H owever , E r asmus ( 1 97 0 )  reporte d  t hat t he r esi s t ence to 

t r yps i n  i s  var i abl e ,  some i s ol at es be i ng suscepti bl e whi l e  o t hers 

are r es i s tent . T he v i rus als o  s urv i v es trypsi ni zat i o n of  k i dney 

cel l s  dur i ng t i s sue cul ture pr epar at i on ( Hs i ung et al . ,  1 9 6 9; 
0 

E r asmus , 1 97 0 )  and i s  i nacti vat ed by h e at i ng at 5 6  C for 30 m i nutes 

( St uddert , 1 9 74) . 

2 . 1 . ll Propaga t i on of EHVs 

EHV- 1 can i nfect a var i ety of cel l s  both i n  v i tro and i n  v i vo .  

H owever , EHV-2 h as onl y  a narrow host range , whi ch i s  i n  commo n wi th 

other cytom egal ov i ruses . 

I n  hor s es d i rect i nt rauteri ne and i ntrafoetal i nocul at i on wi th 

EHV - 1  regul arly  r esul ts in abor t i on ( D ol l , 1 9 5 3 ) . Syri an ham s ters 

are sati sf actor y l aborator y  ani mal s ( Dol l et al . ,  1 95 3 ) , and ha ve 

been used for s tudi es of EHV- 1 i nfect ion ( W i l ks and C ogg i ns ,  1 9 7 7a ) , 

assessment of the i mmunogeni c i ty of EHV- 1 vacc i nes ( D oll et al . ,  

1 959b ; Papp- vi d  and Derbyshi re ,  1 97 8 ) , product i on of hi gh t i tr es of 

v i rus ( Bryans and Dol l , 1 95 9 )  and s t ud i es of EHV - 1  s t ruc t ur es 

( O'Callaghan et al . ,  1 97 8 ) .  The sus ceptabil i ty of other ani mals 

such as mi ce , rat s , r abb i ts , cats , calve s  and gui nea- pi gs has been 

equ i vo cal ( Ba gus t , 1 97 1 ) .  

S i nce Shimi zu et al . ( 1 95 9 )  s ucces sful l y  g r ew EHV- 1 i n  equ i ne 

k i dney cell cul t ur e ,  a var i et y  of p r i mar y cel l s  as wel l  as cell 

lines have been a dapted for propag ati o n  of the v i rus ( Bagus t , 1 97 1 ; 
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O'Cal l aghan et al . ,  1 97 8 ) . Ki dney c ul tures from equ i ne ,  rabbi t ,  

capri ne , por c i ne and bov i ne s peci es an d  bov i ne tes t i s  ar e 

e x t ensi vely us ed f o r  i s ol ation and propa g a t i on of EHV- 1 ( K awa kami et 

al . ,  1 9 62 ; P l ummer and Waterson , 1 9 63 ; Mayr et al . ,  1 9 65 ) . O f  

those cell  l i nes t es ted , KyE D and RK- 13 a r e  wi del y empl oyed f or 

p roduc t i on and 

Goodri dge , 1 9 73 ; 

s e r ol og i cal tests 

T h omson , 1 9 78) . 

f or thi s v i rus ( Burr ows and 

On cell monol ayers , EHV- 1 is characteri sed by f ormat i on of 

eos i noph i l i c  i nt r an ucl ear i nclusion bodi es (Cowdr y type A )  and of 

g i ant- cel l s  ( Bartha , 1 97 0 ; Bagust , 1 97 1 ; S tudder t , 1 97 4 ) . The C P E  

i n  EHV - 1  i nfe cted cel l s  devel ops rapi dl y  a n d  destroys the cel l s he et 

(Jol l y , 1 983 ) . C el l s  i n  the monol ayer becom e r ounded , f orm 

grape- l i ke clus t ers , and detach from the c ul t ure fl ask . EHV- 1 f orms 

p l a ques under agar- overl ayers but the s i z e  of these pl aques and the 

time r e qui r ed for t he i r  format i on vari es b etween t he two subt y p es 

( Studdert and Bl ackney , 1 979 ; Bux ton and F ras er , 1 977 ; Dutta and 

Myrup , 1 983 ) . I n  s i ngl e- step gr owth curve s tudi es , S tuddert ( 1 9 7 4 ) 

observed tha t  absor p t i o n  of this v i rus i s  f ol l owed by an ecl i ps e  

period o f  6 hours . Maximum l e vels of cell-assoc i ated v i rus a r e  

attai ned by 20 t o  2 4  hours , and the maxi mum l eve l s  o f  ext racel l ul ar 

EHV - 1 i s  reached about 2 hour s l a t er .  

S o  f ar ,  no exp e r i mental ani mal other t han. the hor s e  has been 

succes sful l y  us ed f or gr owth of EHV-2  ( P l umm er and Wat erson , 1 9 6 3 ; 

E rasmus, 1 97 0 ; B l ak esl ee et al . ,  1 975 ) . I n  vi tro , th i s  v i rus g r ows 

well onl y on cell cul tur es ( pr i mar y ,  secondary or cell  l i nes ) o f  

equine a n d  rabbi t o r i gin  (Wharton e t  al . ,  1 9 8 1 ) .  I t  als o  repl i c a t es 

i n  l amb and c at k i dney c ul t ur es ( E r asmus, 1 9 70 ) , but i ts growth on 

other monolayers such as Ver o ,  foetal bov i ne endothel i al ce l l s , PS , 

PRK, human and ham s t er k i dney c ul t ur es i s  l i m i ted and vari es 

accor d i ng to the s tr a i n  of EHV-2 used ( Hs i ung et  al . ,  1 9 6 9 ; H ar den 

et al . ,  1 97 4 ; H or n er et al . ,  1 9 76 ) . V i r al pathol og y in permi s s i v e  

equ i ne and r abb i t cells i s  character i se d  by s preadi ng f oc i  of 

cyt ome g al i c  c e l l s  whi ch exhi bi t enl arged n ucl ei  cont a i ni ng s tr i k i ng 

Cowdry type A i nc l u s i ons sur rounded by a c l ear hal o ( Erasmus , 1 97 0 ; 

Kemeny and Pearson, 1 970 ; Wharton et ,al . , 1 9 8 1 ) .  I n  a dd i ti o n, 

marked s yncyti a f ormation and vac uol i za t i o n  ar e s een i n  i nfected  R K  
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cells ( Wharton et al . ,  1 98 1 ) .  I n  agar-ov erlayers , EHV- 2 also 

p roduces plaques of var i ble s i ze ( 1 -2 mm ) ,  usually sm aller than 

those f o rmed by EHV - 1 (Kemney and Pears o n , 1 970 ;  H arden et al . ,  

1 97 4 ) .  

I n  cell cultur e ,  EHV-2 has an ecli pse peri od of 1 8-48 hours , 

maximum ti tr es bei ng reache d at 9 6 - 1 20 hours af t er i nf ecti on . 

Approxi mat ely 40-50% of tot al i nf ect i ou s  EHV-2 remains cell 

associ ated i n  cell cultures ( S tuddert , 1 9 7 4 ; Wharton et al . ,  1 98 1 ) .  

T hese f eatur es of EHV-2 ar e r eflected i n  a delaye d CPE . Thus , on 

primary i solat i on ,  1 0- 1 4 days ar e needed befor e  i ni t i al f oc i  of  

rounded cells ar e s een , so that bli nd passage is  often re qui red 

before such f oci ar e de t ected ( S tuddert , 1 97 4 ) .  On subsequent 

passages the i ncuba t i on peri od becomes shor t er and may vary between 

2 and 7 days ( R oeder and Scot t, 1 975 ) . 
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2 . 2  E qu i n e  Herpesv i ru s  Type 1 

2 . 2 . 1 C l i nical Man i f es tat i ons and Pathology of EHV - 1  I nf ecti on 

EHV- 1 i s  the m os t i mport ant of the EHV s ,  and f our s yndromes 

associ ated wi th thi s v i rus i nf ect i on have been recogni zed , namel y 

respi rat ory d i seas e , abor t i on ,  per i natal mor tali ty and paralys i s .  

R es p i r a t ory di sease 

EHV- 1 i s  a maj or cause of upper res pi ratory t r act d i sease i n  

horses worldwi de and affects young horses und er 2 ye ar s of age 

es pec i ally sever ely ( Bagust , 1 97 1 ; S tudde r t , 1 97 4 ; Bryans , 1 980 a ) . 

I n  the USA , foal s  usually become i nf ect ed i n  the autumn and wi nt er 

months at weani ng ( D oll , 1 96 1 ; Doll and B ryans , 1 96 3 a )  at the t i m e  
\.) 

when mat ernally deri ved anti body has decli ned to undetectable 

l evel s .  Hor ses 

i nges t i on (Shi mi zu 

become i nf ected · wi th EHV-1  

et al . , 1 9 6 1  ; P ri ck e t t ,  ---

by i nhalat i on and 

1 9 7 0 ) .  T he v i rus 

replica t es in the nasal mucos a and r es ul ts i n  rhini t i s  and o ther 

r es p i r ator y  d i s t r ess ( S himizu et al . ,  1 9 6 1 ) .  Charact er i s ti c  
0 

cli nica l  s i gns ar e f ever ( 39 -4 1 . 5  C )  l as t ing 2-5 day s , t r ans i en t  

anore xi a ,  i nappet ance , general mala i se an d a profuse , serous , o r  

purulent nasal di scharge accompani ed by v i sabl e co nges t i on of the 

nasal and co nj uncti val mucosa and enl argement of the submand i bul ar 

l ymph nodes . Leucopaeni a occurs i n  parall el wi th f ever , and both 

l ymphocyte and neut rophil numbers ar e reduce d  duri ng the f i rs t  two 

days , al though thi s i s  f ol l owed by a l eucocytos i s  on recovery 

(Maur er and Jones , 1 9 43 ; Bagus t ,  1 9 7 1 ; T hanson, 1 978) . In some 

cases , there is  a s hort peri od of coughi ng and oedemat ous swel l i ngs 

of the subcuti s and t endon she aths of the legs ( Bagus t , 1 9 7 1 ; D oll , 

1 97 2 ; P owell , 1 97 5 ) .  Recovery i s  usually  s een wi thi n one t o  two 

week s  i n  uncompl icated cases . 

T he patho l og i ca l  f i ndi ng s  ar e mai nly conf i ned t o  the 

r espiratory syst em, there bei ng oedema and bronchopneumoni a ,  

espec i al l y  i n  the ap i cal l obes ( D oll and B r yans ,  1 96 3a ,  P r i ck e t t ,  

1 970; Studdert , 1 974; P owel l , 1 975 ) .  P urulent or s er of i bri nous 

exudat es may be present i n  the bronchi and t r ache a. A mar ked 

. , I 
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\ 
conges t i on and swel l i ng of the nasal mucosa and a t el ect as i s  i n  small 

areas of the lung have al so. b een seen (Shimi zu et al . ,  1 9 6 1 ) .  

H i s tol og i cal ly , neutrophil i c  i nf i l trati ons are fre quentl y seen i n  

the bronch i and per i bronch i ol i , and per i vascul ar i nf i l trat i ons of 

round cel l s  are pr es ent i n  the local al v eol i . Cowdry type A 

i ncl usi ons have been observed i n  the affec t e d  epi the l i um ( Pr i cket t ,  

1 970 ) . The l at t er au thor al s o  descr i be d  extens i ve necr osi s of 

epi thel i al cells  i n  the upper·res pi ratory t ract , and necros i s  and 

i ncl usions in the germinal cent ers of the bronch i al l ymph nodes . 

EHV- 1 i nf ect i on i n  old or r e i nfected hor s es m ay be s ymptornl es s 

apar t f r om a trans i ent el evation of bod y temper ature . T h i s i s  

probabl y due t o  protecti on by anti body pr oduced aga i ns t  a prev i ous 

chall enge ( Doll et al . ,  1 9 54 ; Burrows and Goodri dge , 1 9 7 2 ) . 

N ever thel es s  a mi l d  i l l nes s and reduced perf ormance i n  Thoroughbreds 

i n  trai ni ng has been associ ated wi th r e i nf ec t i on ( P owell · et al . ,  

1 9 74 ; Thornson , 1 9 7 8 )  and thi s was d escribed as the " p oor 

perform ance" syn dr ome by Mumf or d and R os sdal e ( 1 9 80 ) . Doll and 

Bryans ( 1 9 6 3a ) have demonstrated that hors es can bec ome rei nf ected 

at i ntervals of 3 to 6 months , par ticul arl y  i n  the i r  f i rs t two year s 

of l i fe ( Thornson , 1 978 ) .  

R es p i ratory d i sease i ni t i ated by EHV - 1 i nf ect i on can be 

exacer bated by secondary bacteri al i nvas i on ,  the mos t damag i ng 

or gani sms be i ng group C S trep t ococc i ( S tud der t ,  1 97 1 ; 1 97 4 ) . I n  

add i t i on , Es cherch i a  col i , Shi gel l a  e quul i , P seudomonas spp  and 

Bordetel l a  bronchi se p t ica ar e s om etimes i nvol ved ( D oll , 1 97 2 ; 

Thornson , 1 97 8 )  . 

T he r ol e  of bac t er i al i nvas i on i n  the pathogenes i s  of EHV - 1  

asso c i at e d  r espiratory disease i s  uncl ear  s i n c e  thes e organi sms 

mi ght not mer el y be s e condary i nvaders but pl ay a par t i n  t he 

produc t i o n  of cl as s i c al rhi nopneumoni t i s  ( Dol l , 1 9 72 ;  Studdert , 

1 97 4 ) .  I n  exper i men t s  us i ng gnotob i ot i c  foal s ,  Thomson ( 1 97 8 )  

observed that mos t cl i ni c al disease i n  t he foal s occ urred when 

EHV- 1 , EHV-2 and a-haemol yti c S treptoccoci  wer e act i ve t ogethe r  and 

that the maj ori t y  of EHV- 1 i nf e c t i ons alone appear e d  no n- pathogeni c .  
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Abor t i on 

"Ep i zoot ic abor t i on i n  mar es " was f i rs t  descr i be d  i n  the 1 9 3 0 ' s  

b y  D i mock and Edwar ds ( 1 9 3 3 )  and E HV- 1 was i dent i f i e d as the cause 

o f  th i s  syndr ome af t er i solat i on of a her pes v i rus f rom abor t ed 

f oetuses ( Shimi zu et al . ,  1 959 ) . Abor t i on i s  now gener ally bel i e ved 

to be a se quela t o  r es pi r atory i nf ect i on wi th the s ub type- 1 ( f oetal 

s trai ns )  of EHV- 1 . 

Abor t i on i s  gener ally recor ded 1 to 4 months af t er i nf ect i on ,  

taki ng place between the 4 th and 1 1 th months of pregnancy , wi t h  t he 

m aj or i ty ( 95 % )  of cases seen f rom the 7 th month a f t er co ncep t i on 

o nwar ds ( D oll , 1 9 53 ; D oll and Br yans , 1 9 62a; Bryans , 1 980a ) . 

E xper i men t ally , Doll ( 1 95 3 )  was able to i nduce abor t i on 3-9 days 

a f t er in uter o  i nocula t i on of foetus es wi th EHV- 1 .  In addi tion , 

Tur ner et al . ( 1 970 ) rep orted that abor t i on was i nduced 72 t o  84 

hours af ter i nf ect i on wi t h  a EHV- 1 v i rus ( EH39 ) by the i ntrauter i ne 

r oute . 

Abor t i on occurs s uddenly wi thout pri or i nd i ca t i on or 

p r emoni t or y  si gns . The placenta is usually e xpelled wi th the fo etus 

or soon af ter , and m ar es have a h i gh concepti on r at e  30 days after 

abortion ( McGee , 1 9 70 ) . EHV- 1 can be re cover ed read ily from the 

or gans of the abor ted foetus . 

Vulvovag i ni t i s  as soc i ated wi th E HV - 1  has also been repor t ed 

( S tuddert , 1 9 7 4 ) , b u t  i s  i nfre quent and rather m ilder than t hat 

caused by EHV-3 , and the peri neal she ath i s  no t i nvolve d ( S tudder t , 

19 74 ; Camp bell and S t ud dert , 1 9 8 3 ) . 

The pathogenes i s  of abor t i on caused by EHV - 1  has not been f ully 

eluci d at ed . Whether or not abor t i on occurs i n  i nfected mares 

depends both on the nasopharyngeal res i st ence t o  v i ral i nf ec t i on an d 

o n  the v i r ulence of the i nfecti ng s trai n of v i rus ( Br yans , 1 969 ; 

Burrows and G oodr i dge , 1 97 2 ) . When local i mmun i t y  i s  i ns uff ici ent 

( neut r ili z a t i on t i tr e  < 1  :1 00 ) ,  the v i rus will gr ow rapi dly i n  t he 

n asopharyngeal mucosa and i s  p i cked up by leuc o cytes . Thi s  

c ell- asso c i ated v i r emi a tranSports the ·v i rus fr om the r es p i rator y  
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tract to the t ar get org an ,  the placenta . By bei ng lo cated 

i nt racellul ar l y , the vi rus i s  protected f r om neut ral i z i ng ant i body 

i n  the bloo d stream .  T he vi rus i s  then rel e as e d  f r om l eucocy t es, 

cr osses the pl acenta by some unknown mechani sm and i nf ec ts the 

f o etus to cause abor t i on ( Bryans , 1 96 9 ; Br yans and P ri ckett , 1 970; 

Gl eeson and C ogg i ns , 1 980 ) . 

The pa tho l ogi cal changes i n  abor t ed f oe tuses have been 

e x t ensi vel y recorded ( D i mock and Edwards , 1 93 6 ; D ol l , 1 9 5 3; Doll 

and K i ntner , 1 95 4; J el ef f ,  1 957 ) an d wer e s ummar i zed by both 

P r i ckett ( 1 9 70 ) and S tuddert ( 1 9 7 4 ) . The l es i o ns i n  ab orted 

f oe tuses vary wi th the i r  age ; f oetuses abor t ed b e for e  6 months of 

gestation are usual l y  autolyzed wi th wi des pread cell necr osi s and 

i nc l usi ons i n  many ti ssues , but mos t commonl y i n  the l i ver and l ung . 

I n  foetuses aborted af t er 6 months of pregnancy , the f oll owi ng 

cl ass i cal l es i ons ar e observe d :  j aund i ce , p e t ech i at i o n o f  the 

vi s i bl e  mucosa , subcut ane ous oe dema , e xc essi ve pl eur al flui d , 

pul monary oedema , s pl eni c enl argement wi th prom i nent l ymph f oll i cl es 

and whi te , cr eam- col our e d  foc i of necrosi s i n  the l i v er . T he 

d i f f erences i n  the pathol og i cal changes be t ween these t wo age gr oups 

ar e bel i e ve d  to be due t o  the abil i t y of the f o etuses to produce 

i nf l ammatory and i mmun e r es pons es ( S tudder t , 1 97 4 ) . 

Mi cros copi cal ly , the l esions ar e of bronch i ol i t i s , pne umo ni ti s ,  

sever e necr os i s  of the splen i c wh i te pul p  wi thout cel l ul ar 

i nf iltration , and focal areas of necro s i s  i n  t he l i ver . Typi cal 

her pe t i c  i nclusi ons are i nvari abl y  seen , espe c i al l y  i n  an d around 

the necroti c  areas . 

Lesi ons i n  abor t ed m ar es ar e only observed i n  the r epr oduct i ve 

tract , includi ng an i nt ense peri vas cul ar i nf il tra t io n  of l ym phocy t es 

and pl asma cel l s  i n  t he sub - endometri c bl ood ves s el s ,  a f i ne 

i ntrav i l l ar necros i s  wi th compl et e  se paration of the all antochori on 

and uter i ne endometri um ,  and mar ked d i stensi on of the r eg i onal l ymph 

ves sels ( P ri ckett , 1 970 ; Bryans and P ri ckett , 1970 ) .  

Per i natal Mortal i ty 
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Thi s s yndr ome has received li t tle a t t en t i on , and i s  generaly 

i ncluded wi th the descr i p t i on of EHV- 1 abor t i on (McGee , 1 97 0 ; ) .  

Recently perinatal death associ ated wi th EHV- 1 i nf ec t i on has b een 

repor t ed i n  the USA ( Bryans et al . , 1 97 7 )  an d A us trali a ( D i xo n  et 

al . ,  1 978 ; Har tley and D i xon , 1 97 9 ) . I n  the repor t of Bryans et 

al . e i ght of n i ne f oals d i ed between 9 and 1 4  days af ter b i rth , 

EHV- 1 b e i ng i solat ed f rom f our of them , although bacteri al i nf ect i on 

was als o i nvolved . Foals developed r es p i ratory d i s t r ess , wat ery , 

non- f et i d  d i ar rhoea and weakness pri or t o  death . The authors 

proposed that thi s condi t i on was due t o  i nf e ction wi th EHV- 1 d ur i ng 

the term inal phase of ges tat i on .  

The cli ni cal si gns observed i n  the ou tbr eak o f  peri nat al death 

associ ated wi th E HV- 1 i nf e c t i on i n  A u s trali a ( H a r tley and D i x on ,  

1 97 9 ) wer e som ewha t d i f f er ent . Almos t all the los ses occur r e d  i n  

the foals at full t erm , but wi thout any abor t ions at the time . S om e 

of these f oals wer e born dead , som e  ali ve but weak and dy i ng wi th i n  

2 4  hours , and others appar ently healthy when bor n but be comi ng i ll 

and dy i ng wi th i n  3 days . Cli ni cal si gns of respi ratory d i s tress and 

systemi c illness wer e observe d in all the foals p r i o r  to death , but 

wer e more severe i n  the f oals that s ur v i ved 1 - 3 days . Severe 

dys pnoe a wi th mar ked cyanos i s  of the muc osal membranes were s een i n  

the lat ter f oals ( D ixon et al . ,  1 978) . 

I n  the f oals wh i ch d i ed wi thi n  3 days of b i r th , ther e wer e no 

gross lesions other than oe demat ous and a t electi c lungs whi ch be cam e  

plum purple i n  colour . H i stolog i cally acute f ocal necr ot i s i ng 

br onch i oli t i s , pne umo ni a , oe dema and conges tion of t he lung were 

seen wi th the pr es ence of i nt ranuclear i nclusi ons i n  bronch i olar 

e p i theli um .  I n  m any of the foals that s urvi ved longer than 6 hours 

the r e  was hyali ne m embrane f ormat i on i n  the lungs and a t endency f or 

greater lymphoi d deple tion and degener a t i o n  i n  the thymus and s pleen 

( Har tley and D i xon , 1 97 9 ) . 

I n  co ntras t ,  Bryans et al . ( 197 7 )  r epor t ed that neo natal EHV- 1 

i nf ect i on causes i nt ersti t i al pneumoni a  wi th e x t ens i ve depl e t i on 

and/ or degener ati on of lymphocytes i n  s pl een and thymus , t h i s pa v i ng 

the way f or let hal secondary bacter i al i nf ec t i on . 
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Par es i s  and Paraly si s 

Saxegaard ( 1 96 6 )  f i r s tly r epor ted the i s olat i on o f  EHV- 1 f rom 

the s p i nal cor d  and br a i n  of a stallion with sever e lumbar paraly s i s  

i n  N orway . Subse quently , neur ologi cal d i s ease as soc i at ed wi th th i s  

vi rus r es ult i ng i n  par es i s  was des c r i b e d  i n  naturally occurri ng 

i nf ecti ons ( R ober t s , 1 9 65 ; P lat t et al . ,  1 980 ;  T he i n ,  1 98 1 ; ) ,  was 

induced e x peri mentally ( J acks on and Kendri ck , 1 9 71 ; Patel et al . ,  

1 9 82 ) .,  an d was obs erve d i n  vacc i nated hors es ( T hans o n , G .  W .  et 

al . ,  1 97 9 )  wi th or wi thout the recover y of EHV- 1 . Par es i s  and 

paraly s i s occurs mai nly i n  m ar es but has also been r ecorded i n  

stalli ons , an d i n  foals ( Saxegaard , 1 96 6 ; Gr eenwood and S i mson , 

1 980 ) 

The i ncubat i on per i od i s  appr oxi mat ely 7 days ( J ackson and 

Kenderi c , 1 9 7 1 ; Gr eenwood and S imson , 1 9 8 0 ) and cli ni c al si gns r ange 

f rom severe paralysi s and recumbancy thr ough t o  a mild a t axi a ,  

es peci ally wi th pos t eri or incoor d i nation , urinar y incon ti nence and 

d i arrho e a  ( Jack son et al . ,  1 977 ; Plat t et al . ,  1 980 ) .  Gre enwood 

and S i mson ( 1 98 0 ) observed that the cli ni cal pi ctur e i n  f oals was 

les s  sev ere than i n  adults . A ffected hors es may di e i n  a f ew days , 

r e qui r e  euthanasi a ,  or r ecover i n  a f ew we eks . 

T he pathogen es i s  of myeloe ncephali t i s  caused by EHV- 1 i s  more 

compl icated than t hat of the othe r  E HV - 1  assoc i at ed sydranes . 

Whether i t  i s  due to direct EHV- 1 i nf ec t i on of ne ur o ns or by i mmune 

react i o n  i s  sti l l  co ntrover s i al .  The m a i n  patho l og i cal f i ndi ngs ar e 

a severe and wi d es pread necro t i si ng v ascul i t is i n  the br ai n ,  spi nal 

cor d , and i n  the s he aths of nerves , capsul es of gangl i a ,  meni nges 

and o c c asi onal l y  elsewher e i n  the body . Focal mal ac i a  i n  both grey 

and whi t e  mat t er of the bra i n  and spi nal cord occurs wi th m i n i mal 

i nvol vement of neurons ,  and nei ther neuronophag i a· nor i ncl usi on 

bodi es are seen ( J ackson and K ender i c , 1 971 ; Li t tl e and T horsen , 

1 976; J ackson et  al . ,  1977; Thomso n G, W .  et al . ,  1979). J ac kson 

et al . ( 1 977) propose d that d uri ng a cel l-assoc i ated v i r aemi a ,  i n  

assoc i at i on wi th h i gh l evels o f  ci rcul at i ng ant i body , v i rus spreads 

d i r e c tl y from the circul ati ng i nfected c ells t o  endothel i al cel ls ,  
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then t o  cont i guous endothel i al c el l s  wi thout an extracel l ul ar phase . 

Once the endothel i al i nfect i on i s  i ni t i at ed v i rus spr eads 

cent r i fugal l y  t o  i nfect  adj acent parenchymal cel l s . These authors 

also as sumed that malac i c  foc i  deve l op s eco ndary to thr ombos i s of 

l ocal ves sel s ,  and par alysi s r es ul ts f r om ischaemi a an d metabol i c  

changes i n  t he nervous ti ssue .  I n  contras t , Plat t et al . ( 1 980 ) 

sugges ted that the v ascul ar l es i o ns were due to an EHV- 1 spec i f i c  

i mmunol ogi cal react i on i n  the vas cul ar endothel i um ,  s i nce h i gh 

anti body t i t r es t o  E HV- 1 i n  hors es wi th myel oencephal i t i s  have b een 

r epor ted i n  the natur al and exp e r i m en t al cond i t i on ( Saxegaard , 1 96 6 ; 

J ackson an d K enderi c ,  1 97 1 ; T homson G .  W .  et al . ,  1 97 9 ) . T h i s  i s  

i n  agr e em ent wi th the v i ew of D i nt e r  and Kl i ngeborn ( 1 9 7 6 ) that the 

nervous di sease oc curs because o f  re i nf ecti on or poss i bl e  r ecurrent 

i nfection of ant i b ody posi tive hors es . 

The v i rus has been recover ed i nfre quently f rom the CNS of 

myeloencephal i t i c  horses ( Saxegaard , 1 9 66 ; L i t tl e  and Thorsen , 

1 976 ; The i n  et al . ,  1 98 1 ) .  Very r ecentl y ,  Pat el et al . ( 1 982 ) 

recovered the v i rus readily f rom the CNS of foals exper i mentally 

i noc ul ated wi th an i sol ate ori g i nal l y  recover ed fr om par al y t i c  

horses . Fur t hermor e ,  Pa tel and E d i ngton ( 1 983 ) detect ed the v i rus 

i n  neurons throughout the bra i n  of mi ce i nocul at ed i ntrac erebr ally 

wi th EHV- 1 s ub type or isol at es from e qu i ne par es i s .  Thes e 

f i nd i ngs i nd i cate tha t cert a i n  s t r a i ns of EHV - 1  can i nf ec t  the CNS 

and causes par es i s  or the paraly s i s  syndr om e , whi ch i s  s up por t ed by 

the observat i o n  that herpesvi ruses i n  o ther s pec i es ,  such as 

pseudorab i es v i rus i n  p i gs ,  bov i ne herpes v i rus type 1 i n  cat tl e and 

herpes simpl e x  v i rus i n  man ar e n e urotropi c and ar e c apabl e of 

mul ti plyi ng i n  neurons causi ng n euronophag i a  ( Pl at t  et al . ,  1 980 ) . 

2 . 2  . .  2 Epi demi ol ogy of EHV-1 I nfe c t i on 

Al though EHV- 1 i nfection occ ur s  all over the worl d ( M at umoto e t  

al., 1 9 65 ) , the epi demiol og y  may vary somawhat between local i ti es . · 

Outbr eaks of abor t i on due t o  EHV - 1  ar e rel at i vely common i n  N or ther n  

America and s ome E uropean count r i es, but are report e d  r ar el y  i n  

Aus tral i a  ( S ab i ne e t  al . ,  1 98 3 ) ,  E ngl and ( Burrows and G oodr i dge, 

1 97 9 ) ,  and N ew Zeal and ( Hutton and D urham, 1 977 ) ,  wh i l e res p i r a t ory 
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d i seas e o ccurs f r equently i n  young horses i n  al l these  count r i es .  

EHV- 1 i s  tr ansmi tted hor i zont all y  as well as ver t i c ally , 

foetuses b e i ng i nf ected 

bei ng i nf e cted by d i r ect 

Thomson ( 1 978 ) poi nt ed 

thr ough the placent a ,  and f oals and hor s es 

or i n direct contact ( P ri c k e t t , 1 9 70 ) . 

ou t tha t aer osal transm i ss i on i s  probably 

i mportant i n  expl os i ve outbreaks of thi s d i sease . 

R ecentl y , the restri ct i on 

appl i e d  to diffent i at e  EHV- 1 

endonuclease t echni que has been 

i s olates and the r es ul t s  showed two 

d i s t i ct patterns of f i ngerpr i nt s , although there wer e some m i nor 

d i f f er en c es by a l oss or gai n of r estri c t ion enzyme cl eavage si t es 

wi thi n each subt ype ( Sab i ne et al . ,  1 981 ; S tuddert  et al . ,  1 98 1 ; 

Tur t i nen et al . ,  1 981 ; Allen et al . , 1 983 ) . Thes e f i nd i ngs ar e i n  

agr eement wi th the early serolog i cal resul ts that the r e  ar e t wo 

subty p es of EHV- 1 (Bartha , 1 9 70 ; Burrows and Goodri d ge , 1 973; 

T homson , 1 978 ) . Subtype v i ruses (prot otype KyD ) are  usuall y 

i s olated f r om  ab orted fo etuses , wh ile subtype 2 v i ru s es ( pr ot ot ype 

H-4 5 ) are  recovered f rom respi ratory d i seas e .  EHV- 1 r ecover ed f rom 

neonatal de aths and par alyses als o showed the pa tter ns of subt ype 1 

v i rus ( S tuddert , 1 983 ) . Bas ed on these f i nd i ngs and a l s o  on the 

r es ults r eported by Allen and T ur t inen ( 1 982 ) th at only 2 0 %  homology 

was demons trated between the two EHV- 1 subtype genom es by DNA -DNA 

r e asso c i a t ion , S tudder t et al . ( 1 98 1 , 1 984 ) sugges t e d  that the tvro 

sub types of EHV- 1 should be desi gna t ed as E HV- 1 and EHV- 4 , 

r es pe c t i v ely . 

Al though the data ac cumul ated i n  Cen t ral Ken t ucky over 50 years 

i nd i cated  that the annual i nc i dence of abor t i on due to EHV- 1 was 

only 1 %  on average ( Bryans , 1 98 0 a ) , thi s was drawn f rom the ent i re 

popul ation , and the abor t i on r a t e  i n  unpr otected herds c an reach 20% 

( Dol l and Bryans , 1 9 6 3 a ) . Thes e authors ( 1 963a , c ) al s o  s ug ges t ed 

tha t  the s ource of v i rus i nf e c t i ng pr e gnant mares was from young 

horses s uf f er i ng f r om res p i rator y  d i seas e, s i nce the abor t i ng m ar es 

had been i �  cont a c t  wi th foal s s howi ng r es p irator y  s i gns attri buted 

to EHV- 1 .  Abort i on al so i nduces a mor e dur abl e i mmune r es pons e t o  

EHV-1 i nf e c t i on than does r es p i r a tory dise ase (Dol l , 1 9 61 ; Dol l  and 

B ryans , 1 9 6 3 a ) .  Out breaks of abor t i on t end t o  oc cur a t  i nt erva l s  of 
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about 3 year s ( Doll an d Bryans , 1 96 3 b ) , and thi s m i ght be i n  par t 

d ue t o  the wani ng of i mmuni ty 

enter i ng the r e s p i ratory tract 

pla centa . 

i n  m ar es t o  l evel s  where v i rus 

can become vi raem i c  and cross  the 

Campbel l and S tuddert  ( 1 983 ) 

f o etuses , membranes and flui ds may 

i nf ec t i on f or o ther mares . Thi s i s  

s ugges ted that the 

be an important 

s up por t ed by the 

aborted 

sour c e  of 

f act that 

e p i zooti c abor t i o n  may oc cur i n  a gr oup of mar es foll owi ng an EHV- 1 

assoc i at ed abor t i on of a r ecentl y pur cha s e d  pregnant mar e ( K aw akam i 

et al . ,  1 970 ; Burrows and Goo dri dge , 1 9 79 ; Sabi ne et al . ,  1 983 ) .  

I n  contras t  t o  abor ti ons , r h i nopneumoni t i s  often occ ur s e v ery 

aut umn and wi nt er among groups of " i mmunol og i ca l l y  na i ve "  weaners 

brought t ogether in confi ned quarters ( Doll and Brya ns , 1 9 6 3a , 

Thomson ,  1 978) . A t  th i s  ti me mat er nal l y  deri ved anti body decl i nes 

to an undet ec tabl e l evel ( T h omson , 1 9 78 ) . Br yans ( 1 980a ) suggested 

that s tress as s o c i at ed wi th transpor t at i on ,  crowded s i tua t i ons and 

poor management may play an important pa r t  i n  the oc currence of this 

d i seas e .  In  ar eas where EHV- 1 is  endem i c ,  v i rtua l l y  all  the f oal s 

bec ome i nf ected dur i ng the i r  f i rs t  year of l i f e  or soon af ter 

( Burrows and Goodri dge , 1 97 9 ; B ryans , 1 980a ) . I n  s uch s i tua t i ons 

r es p i r at or y  d i s e ase occur s  l ess fre quently 

al though Thomson ( 1 978 )  has repor ted tha t  one 

i n  very young foal s , 

f oal wh i ch had no 

detec tabl e ant i bod y contracted i nf e c t i on as e arl y as 2 week s  of age . 

Kaj i ( 1 9 6 3 )  demons t rated that both the number wi th pos i ti ve 

ti t r es and the l evel o f  anti body t i tr es ag ainst  EHV- 1 i n  a 

p opul at i on i ncr eased wi th age . The prevel ence of i nf ect i on r i ses 

r api dl y d uri ng the f i r s t  year of l i f e ,  i ncreases sl owl y f or 3 - 4  

years and f i nal l y  re aches a s tate of e qu i l i br i um at about 8 y e a r s  of 

a ge .  Thamson ( 1 978 ) also observe d thi s t endency and showed that 

ther e was a p r ogres s i ve i ncreas e  wi th age i n  neutral i z i ng a nt i body 

a ga i nst se veral atr a i ns of EHV- 1 i n  young horses, al though the v i rus 

was onl y r ecover ed i n  a f ew horses whi ch showed cl i n i cal s i gns . 

Thi s might have been due to r e i nf e c ti on s i nc e  imm uni ty f ol l owi ng 

r espi ratory i nf ec t i on wi th EHV- 1 i s  short-l i ved, l as t i ng only 3 - 4  

months ( Doll,  1 9 6 1 ; Dol l  and Br y ans, 1 9 6 3b ) . H ence , subse quent 
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r es p i rat ory i nf ections usual l y  cause onl y mi l d  d i s e as e  or are 

subcl i ni cal ( D ol l , 197 2 ; Bur r ows and G oodri dge , 1 97 3 ; T hom s on ,  

1978 ) . 

Doll an d Bryans ( 1 96 3a )  sugges ted tha t the source of v i rus 

i nf ec t i ng young horses is ei ther fr om a natural r eserv o i r  or f r om  

adul ts wi th pers i s tent i nf ect i on ( carri ers ) .  I t  was a l s o  s ugge s t ed 

that young horses ar e most probabl y i nfected by react i va t ed v i rus 

shed by ol der horses , espec i al l y  the i r  dam s .  Y oung f oal s wi th acute 

r es p i rator y  di sease may shed v i rus f or a peri od of t i me , whi ch 

presumbl y i ncreases the dos e  o f  i nf ec t i ve v i rus among a g r oup , and 

thus the r a t e  and i nci dence of i nfection . Thi s i n  t urn p r ovi des an 

oppor tun i t y  f or the i nf ect i on o f  mar es at the ap propr i ate s t age of 

pregnancy , and al l ows abor tion t o  occur ( Dol l and Bryans , 1 9 6 3 a ;  

Campbell and S tudder t , 1 983 ) . 

I t  has al so been suggested that there m ay be a l at ent s t at e i n  

EHV-1 i nf ection s i nce most aborti ons occur 1 - 4 months af ter 

i nf ect i on o f  the mares ( D oll , 19 52 Dol l an d Brya ns , 196 3 a ) .  

EHV-1 i nf e c t i on has been rea c t i vated by s t r ess f act ors associ ated 

wi th the adm i n i s trat i on of Afri ca H or se S icknes s vac c i ne ( Erasmus , 

1968 ) . A dd i ti onal evi dence for the rea c t i vati on of l at ent EHV-1 

i nf ect i on has al so been obta i ned f rom a pony herd kept  i n  i s ol at i on 

i n  Bri tai n ( Burr ows and Good r i d ge , 1 9 79 , 1 98 4 ) . V i rus has b een 

recovered f rom poni es shor tl y af ter  bei ng s eparated f r om  a f oal , 

bei ng hous e d , castrated and d uri ng the t ermi nal s tages of G r ass 

S i ckness . H owever , a t t empts to demons trate v i rus react i vat i on 

· fol l owi ng cort icos t er oi d  treatment or t o  recove l a t ent v i rus f r om  

tri gemi nal gangl i a  were unsucces sf ul . 

Syndr omes other than r es p i r ator y  i nf e c t ion and aborti on 

compl i ca t ed the epi demi ol gy of EHV-1 ( C am pbel l  and S tudder t , 1983 ) . 

A s  al ready men tioned , Hartl e y  and D i xon ( 19 7 9 ) report ed an outbreak 

of neona t al death assoc i ated wi th EHV-1 in the abs ence o f  abor t i on .  

EHV-1 was r e cover ed from 2 2  out of 2 7  foal s . Futhermore , a number 

of neurol og i cal i nf ec t i ons have been r epor ted wi th or wi thout 

recover y  of the virus from the CNS ( Saxegaard , 196 6 ; J ac kson and 

Kenderi c, 197 1 ;  L i t tl e  and T hors on ,  197 6 ; D i nt er and Kl i ngebor n ,  
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1 976 ; P l at t  et  al . ,  1 980 , Greenwood and S imson , 1 98 0 ; T hein et  

al . ,  1 98 1 ) .  Ini tial l y  it appeared that pr egnancy and abor tion was a 

pre- requisi t e f or neurol ogical d i sease , but  recentl y Greenwood and 

Simson ( 1 9 80 ) demons trate d that the disease also occ urr e d  i n  bar r en 

mar es , s t al l i ons , gel dings and f oals . 

2 . 2 . 3  Immun i t y to EHV- 1 I nf e c t i on 

A var i et y  of i n  v i tro an d in vivo tes t s  have been de vel ope d f or 

the de t ection of humoral and cell med i ated i mmunity ( C MI ) i nduced by 

EHV- 1 i nf ec tions . Those s er ol ogi cal tests used for t he 

det erminat i on of humor al immun i t y  include compl em ent fixation (CF ) 

( Randal l e t  al . ,  1 9 5 0 ) , serum ne utral iz ation ( SN )  (McC ol l um et al . ,  

1 9 62 ;  Burr ows , 1 9 6 8 ) , haemaggl u tination ( HA )  ( S emerdj i ew ,  1962 ) , 

i mmunofl uor es cence anti body ( IF )  ( I shizaki et al . ,  1 9 62; Thomson et 

al . ,  1 9 76 ) and ELISA ( J olly , 1 9 83 ; Dutta et al . ,  1 9 8 3 ); whil e 

del ayed hypersensitivity ( DH ) , l ymphocyte stimul ation ( LS )  (Wil ks 

and C oggins , 1 976 ; T homson and M umf or d ,  1 9 7 7 ) , cy totoxi cit y ( Wil k s  

and Coggins , 1 9 77b ) and l eucocy t e  mi gr ation inhibition ( LMI ) tes ts 

( Frymus , 1 980 ) have been adopted f or the meas uremen t  of CMI . 

Humor al immunit y :  

pl acenta s o  that i n  

col os trum . Antibody 

Mat ernal antibody wil l not cr oss t he e qu i ne 

foals , pas s s i ve i mmun i ty is derived o nl y  from 

titr es i n  the foa l s  af ter i nges tion of 

col os trum are simi l ar to tho s e  i n  the i r  dams , and per s i s t f or 3-4  

months before decl ining to  an undete ctabl e l e vel around weani ng t i me 

(Thomson , 1 978 ; K endr i ck and S t evens on , 1 97 9 )  

A f t er experimental i nf e ct i o n  of horses with EHV- 1 , C F  

ant i bodi es have b e e n  shown t o  appear 2 weeks l at er , r each a peak 

aft er anot h er week and then d i m i ni sh mar kedly from 5 weeks to 

disappear af ter 1 0  weeks ( Sh i m i zu et al . ,  1 96 1 ; T hom son et  al . ,  

197 6 ) .  Doll  and Bryans ( 1 9 6 2 )  noted that CF anti b ody appeared 

earl i er and per s i s ted l onger ( 3 -6 months ) i n  m ar es than i n  f oa l s  

( 1 -4 months ) , and suggested thi s might have r es ul t e d  fr om an 

anamnes t i c  r es pons e .  The devel opment of S N  and I F  ant i body aga i ns t  

EHV- 1 i s  s i m il ar t o  that of CF anti body , but SN and I F  r e a ch a peak 

one week earl i er than CF an ti body , and per s i st at a moderate l evel 



up t o  one year or l onger ( Shimi zu et al . ,  1 96 1 ; 

l 96 2b ; Thomson et al . ,  1 976 ) . F ol l owi ng 

ant i bodi es i ncr ease i n  the f i rst  week and the 

Doll and 

r e i nf ect i on ,  

SN and I F  

2 1  

Bryans , 

these  

t i t r es 

become a t  l e as t  4-fold great er than after the p rimary r es po nse , 

al though CF t i t r es ar e almos t the same as the pri mary r es pons e and 

the n  decl ined qu i c kly to become undetectabl e 4 0  weeks a f t e r  t he 

f i rs t  i nocul at i on .  A t  th i s  ti me SN and IF anti body t i tres are s ti l l  

s im i l ar t o  t hos e occurri ng i n  r es ponse t o  the primary i nf e c ti on 

( Thomson et al . ,  1 97 6 ) . I n  contras t t o  thi s ,  Dol l and Bryans ( 1 9 6 2 )  

r epor ted that horses showed a typi cal anamnes ti c react i on i n  C F  

anti body f oll owi ng r e i nf e ct i on .  

The devel opment , per s i st ence and decl i ne o f  CF ant i body a f t er 

natur al i nf e c t i o n  ha ve been reported to be simil ar to those o b s er ved 

after exper i men t al i nocul at i on ( Bagus t and Pasco e ,  1 97 0 ) . 

C el l  Medi ated Immuni ty (CMI ) : D ut t a  et al . ( 1 980 ) showed that 

l ymphoc y t e  tr ansf orma tion i n  the pr esence of EHV- 1 appe ar ed as e arly  

as 2 days after f oals wer e  i nocul at ed , and  re ached a pe ak i n  7- 1 0  

days bef ore subsequent de cl i ni ng .  Thomson and Mumf or d ( 1 97 7 ) 

r epor ted that v i rus i nact i vat ed by heat and UV l i ght i nduc e d  a 

consi derabl e r es ponse i n  sens i tized l ymphocy t es , whi l e l i ve v i rus 

did so onl y  poorly . Fur thermor e ,  in v i vo the de.gr ee of l ymphocyte 

transforma t i o n  s ti mul ated by i na c ti vat ed EHV- 1 wi th Freund ' s  

compl et e adj uvant ( FAC ) w ere hi gher than those f ol l owi ng i nf ec t i on 

wi th a v i rul ent strain  ( T homson , 1 978 ) .  

P rotect i on :  H umoral immun i ty and CMI both pl ay a r ol e i n  

res i s tance t o  and r ecovery from EHV - 1  i nf ec t i on .  W i l ks and Cogg i ns 

( 1 9 7 6 ) demons t r ated that a c ombination of i mmune spl een cel l s  and 

ant i serum f rom EHV-1- i nf ected ani ma l s  . conf er r ed the hi ghes t 

protection i n  hamsters agai nst EHV- 1 i nf ec tion. F urthermore , both 

serum and per i phe r al bl ood f rom e xp e r i mentally i nf ec t ed ho r s es ar e 

cytotoxi c t o  EHV-1 i nfected cells ( W i l ks and Cogg i ns, 19 77b ) .  

Humor al i mmuni t y  i s  c ertai nly capabl e of protecti ng horses 

aga i ns t  EHV- 1 i nf e c t i on . N ewborn foal s that hav e  i nges t e d  mat ernal 

ant i body are  pr otected f rom EHV-1 i nf ec t i on up t o  weani ng ( Do l l  and 
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Bryans , 19 6 3 b ; Thomson , 1 97 8 ) . Bryans ( 196 9 ) , Bur r ows and 

Goodri dge ( 1 9 7 3 )  and N e el y  and Hawk i ns ( 1 97 8 ) were all  abl e to 

correl ate r es i stance t o  EHV-1 i nf ect i on ( abor t i on )  in experi mental l y  

i nf ected hor ses 
2 

wi th the thr eshol d of ant i body l evels at 1 0  , 
1 . 4  1 . 9  

10 and 1 0  , r es pe ct i vely . M or eo ver , h orses that experi enced 

r e peated i nf e c t i on , s t imul at i ng great er pers i s t enc e of CF an ti b ody , 

have been shown to be mor e res i s tant t o  i nf ect i on ( D ol l and Brya ns , 

19 63b ; Studdert , 1 9 74 ) .  

I n  gener al , the an t i body r es pons e  t o  EHV - 1  i s  poor i n  the f i rs t 

ye ar of l i f e  ( Dut ta an d Shi pley , 1 9 75 ; Ger b er et al . ,  1 9 77 ) , but 

the i nc i dence of seroconversi on i s  greater than the i nc i dence of 

cl i ni cal d i se ase ( S tuddert , 1 9 7 4 ,  T h omson , 1 97 8 ) .  T h i s  s ugges ts 

that other prot ecti ve machan i sms bes i des c i rcul at i ng ant i body 

o per ate in horses agai ns t  EHV- 1 i nf e c tion . G erber et al . ( 1 977 ) 

r e ported tha t foal s l ess than one year of age  showed a greater 

i ncr eas e in CMI res pons e to EHV - 1  tha n  did hor s es 1 -2 y e ar s  ol d .  

F r ymus ( 1 98 0 ) also demons trated a l ar ge incr ease i n  the CMI r es ponse 

fol l owi ng adm i ni s trati on of vacc i ne t o  f oals at 3 weeks and 3 months 

of age . I t  i s  poss i bl e  that those foals t hat succumb t o  i nf e c ti on 

i n  the f i r s t  year of l i f e  may be i nd i vi dual s whi ch do not moun t a 

suff i c i ent CMI  r esponse (Camp bel l and S t uddert , 1 9 8 3 ) . F urt her 

ev i dence f or t he protecti ve rol e  of C MI comes f r om  Pachc i ar z  and 

Bryans ( 1 9 7 8 ) who reported that vacc inat i o n  i nduc e d  a great 

l ymphoc yte t r ansformat i on res pons e i n  pr egnant mares , and t h i s  was 

associ ated wi th prot e c tion agai ns t  abor t i o n ;  t hose mares t hat 

abor t ed EHV-1 i nf ected f oals al l ha d a l ower l ymphocyte s t i mul at i on 

index . T h i s  may expl a i n  why s om e  mar es wi t h  hi gh l e v e l s  of 

c i rcul at i ng an t i bod i es abor t EHV-1 i nf ected f oetuses ( D ol l  and 

Bry ans , 1 9 6 3 a ; Bryans , 1 9 69 ) . 

The i nt e r act i on of humoral and C M I  res po ns es t o  EHV-1 i s  no t 

fully unders t ood . N o  c orrel at ion has been f ound between the s t atus 

of CMI and ant i body l evel s  ( Gerber e t  al . ,  197 7 ; F rymus , 198 0 ; · 

Thein et al . ,  19 81) . Frymus ( 19 80 ) , usi ng the l eucoc y t e  m i gr a t i o n  

i nh i b i t i on t es t , demons trated tha t f oal s a t  the age o f  b o t h  3 weeks 

and 3 months devel oped a CMI r es ponse a f t er f i rst and second 

vac c i nat i ons , whi l e the SN res pons e was poor . Gerber et al . ( 1977 ) 
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also r epor ted that 6 -8 month ol d f oal s showed no or only a sl i ght 

increase in SN anti body f ol l ow i ng vac c i nation and revacci na t i on 

wi th a modi f i ed l i ve EHV- 1 vacc i ne , bu t demons trated a marked 

increase in CMI r esponse to EHV- 1 as meas ured by l ymphocy te 

transf ormat i on .  In contras t ,  horses aged 1 2- 1 8  months showed a 

gre a t  i ncrease i n  SN anti body whi l e  the i r  CMI was l ow or abs ent , 

al though i t  d i d  i ncr eas e af ter revacc i nat i on .  Thom son and Mumfor d 

( 1 9 77 ) noted that animals vacci nated pre v i ousl y showe d an i ncrease 

i n  SN ant i body bu t no t i n  s econdary l ymphocyte res pons e a f t er 

chal l enge . 

I t  has not been determ i ned whe ther or no t the l ower CMI repon s e  

i n  ol d horses i s  due  t o  hi gh c ircul a ting anti body l ev el s .  H owe ver , 

af ter repeated i nf ec t i on , hor s es that s how a l ow CMI res pons e t o  

EHV- 1 do have high S N  an t i bod y ti tres ( G er b er et al . ,  1 977 ; F r ymus , 

1 9 80 ) . Mor eover , W i l ks and C ogg i ns ( 1 9 77b ) noted that i n  vi t r o  the 

de cre ase in l ymphoc yte r es ponse f oll owi ng the peak reac t i o n  was 

coi nc i dental wi th a ri se in SN anti body , and was hed l ymphocytes f r om  

i nf ect ed poni es showed a hi gher r es ponse than those i n  aut ol ogous 

serum . However , Pachc i ar z  and Bryans ( 1 978)  reported that the 

decrease in cel l ul ar r es po nse to EHV- 1 d i d not correl a t e  wi th 

i ncreases in  ei the r SN ant i body or CF t i tres . 

2 . 2 . 4  Immuni zation aga i ns t  EHV- 1 I nf e c t i on 

Both i nacti vat e d  and attenuated l i ve va cci nes have b een 

devel oped f or immun i zat i on aga i ns t  EHV- 1 i nf ecti on .  These have been 

summar i se d  and l i s ted by C amp bell and S t ud dert ( 1 98 3 ) . Recently , a 

sub-un i t vac c i ne was prepar ed by Papp- v i d a nd Derbysh i r e  ( 1 9 7 8 ) . 

I n  the USA , a form al i n  inacti vated vacc i ne devel ope d f r om  

i nf ected equ i ne f oe t uses ( D ol l  et - al . ,  1 952 ) an d f rom i nf ected  

hamster l i ver (Doll  et  al . ,  1 95 9b )  was ei ther of p oor i mrnunogeni c i t y  

( Doll e t  al . ,  1 95 9 b ; Dol l and Bryans , 1 96 3b ,  c )  o r  ca use d  s i de 

eff ects i ncl ud i ng anaphyl act i c  r eact i ons and i soi mmune erythr ol y s i s 

( Doll et al . ,  1 95 2 ; Dol l  and Bryans , 1 9 63 b , c ) . Such vacci nes were 

repl aced by a 1 i ve hamster- adapt ed E HV- 1 vacc i ne i ns ti l l ed 

i nt r an asal ly ( Doll , 1 9 6 1 ) .  The 1 1  ve v i rus was used i n  a pl arined 
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i nfect i on program ( D ol l , 1 9 6 1 , D ol l  and Bryans , 19 6 3c )  an d only 

appl i ed to hor ses bred seasonal ly an d to thos e i n  endemic ar eas . 

This  pr ogram was i ni t i at ed i n  J ul y  aft er foal�ng was completed and 

the mar es wer e r e vacc inated i n  Oct ober as a "bo os ter''  do se pri or t o  

t h e  l as t  tri mes t er o f  ges t a t i on.  A l l  horses on a s t ud wer e 

i nocul at ed twi ce a year regardl es s  of age , sex and b re edi ng s tatus . 

Onc e thi s program was started , i t  was recommen ded tha t i t  be 

cont i nued wi thout i nt errupti on .  The prem i ses wer e r ecommende d t o  be 

quaranti ned f or thr ee weeks  f ol l owi ng vaccination , s i nc e  the v i rus 

can be t r ansmi t t e d  by contact an d cause abort i on or r es pi ratory 

diseas e  i n  suscep tibl e  horses . Doll and Bryans ( 1 9 6 3c )  reported 

tha t , af ter a 4 y e ar per i od of f i el d  t r i al s , the abor t i on rate  was 

o nl y  0 . 88 %  among 6 , 680 mar es on 65 s t uds c ompar e d  to 1 3- 1 4 %  on 

aff ect e d  non- par t i ci pat i ng f arm s dur i ng the same t i me ,  and to 1 5% 

abor t i o ns o n  the aff ect ed f a rms bef or e the l i ve vaccine was used . 

S ix year s af ter thi s  som ewha t v i rul ent virus vacci ne became 

commerc i ally  ava i l able , Pe acock ( 1 96 9 ) consi der ed that the l i mi t ed 

use of thi s  .cci ne in a pl anned i nf ec t i on program resulted i n  

r e asonabal l y  eff ective contr ol of horse abor tions due t o  EHV- 1 . 

N everthel es s ,  i t  was f el t  that thi s l i ve vacc i ne mi ght rega i n  

v i r ul ence and cause outbreaks o f  ei ther abor t io n  or r es p i r a t ory 

d i seas e . Bryans ( 1 978 )  de vel oped a chemically i nact i va t ed EHV- 1 

vacci ne wi th a dj u vant "F -3" whi ch pr oduced a SN ant i bod y res ponse i n  

horses and appear ed t o  i nduc e s ervi ceabl e immuni t y  a ga i ns t  chal l enge 

wi th an EHV-1 f o etal strai n i n  pregnant mar es . The vacci ne , 

admi ni s tered a t  i nt ervals of appr oxi mat ely 60 day s , i nd uced a l evel 

of anti body whi ch l asted for mor e than 21 week s  i n  pr egnant mar es . 

A fter chall enge , none of the va ccinated mar es abor t e d  compared t o  

si x of t en control mar es whi ch aborted EHV-1 i nf ected f o al s . L a t er , 

the vacc i ne pr eparati on became comm er c i al l y  ava il abl e ( Pneumobor t-K) 

(Moore and Koons e , 197 9 ) and i ts saf e t y  and eff i cacy was t es t e d  i n  

subsequent f i el d t r i al s  i n  Cen t ral Ken tuc ky , F rance a n d  I rel and 

(Moor e and Koonse , 1979 ; B ry ans , 19 80b ) .  These t ri al s  est abl i shed 

that af ter vacc i na t i on 90% of pregnant mares mai nt a i ned ant i body 

ti t r es at l evels pres umbly prote c t i ve aga i ns t  abor t i faci ent 

i nf ec t i on ( > 1 : 80 )  over a 5 1/2 to 6 month per i od of p regnancy . I n  

o n e  of these t r i al s , Moor e and Koonse ( 1 979 ) r eported that two of 
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the elev en vaccinated mar es abort ed, compar e d  to 3 abor t i o ns and 2 

cases of par es i s  i n  s i x  unvacc i nated cont rols after chal l enge . 

Bryans ( 1 980b ) noted that on average the abor tion  rate was 1 . 6 / 1 0 0 0  

i n  vac ci nat ed compar ed t o  1 2 . 5 / 1 000 i n  unvacci nated mar es dur i ng 

1 97 7 - 1 980 . I t  was recommen de d that pregnant m ar es should recei ve 

doses of vac c i ne i n  the 5 th ,  7 th and 9th months of ges tat i on ;  young 

hors es s hould be gi ven two i nj ec t i o ns 3 or 4 week s  apart s t ar t i ng at 

the age of 3-4  months and a third i nj ec t i on s i x  m onths lat er . Race 

horses should have further i nj ec t ions at i ntervals of appro ximately 

6 m onths thr oughout the i r  f i r s t  thr ee years . 

This vac c i ne was als o l i cens e d  i n  the United K i ng dom and tra ils 

to evalua t e  t h i s  vacc i ne wer e conduc ted by challeng i ng vacc i nat ed 

poni es ei ther wi th sub t y pe 1 vi rus ( Burrows et al . ,  1 984 ) or wi th 

subtype 2 vi rus (Mumf ord and Bat es , 1 98 4 ) . All these va cci nated 

ani m als responded to the vac c i ne by p roduc t i on of SN and C F  

ant i bodi es . Those poni es whi ch recei ved three d oses of vacc i ne 

r es i sted challenge wi th sub type 2 v i rus , wh ile s om e  of the others to 

whi ch only t wo doses of vaccine wer e gi ven w er e sus cep t i ble , 

al though the · amount of v i rus excreted was s i gn i f i cantly reduced 

( Mumf ord and Bat es , 1 984 ) . However , all the ani mals became i nf e cted 

when challenged wi th s ubtype 1 v i rus , one or two m onths af ter two or 

thr ee vacc ina tions . N o  obvi ous differ ences i n  the febr il e 

res pons es , clini cal si gns and s ubsequent abor t i o ns 

b etween vac c i nated and control mar es . Howe v er, 

r es p i ratory d i seas e suf f e r ed by the vac c i nat ed 

wer e  obser ve d 

the f eb r ile 

yearl i ngs and 

two-year-old poni es was l es s  severe than i n  the contr ols and the 

amount and durat i on of vi rus sheddi ng was reduced ( Burr ows et al . ,  

1 98 4) .  

Other vaccines ei ther k i l l ed or at tenuated have been used f or 

immuni z i ng both mar es and young hor s es, such as "Pr e-vacc i nol " (Mayr 

et al . ,  1 965) , " Rhinomune" (Mayr, 1 970; Bas s, 1 978) , an d 

" Rh i noqu i n" ( Purdy et al . ,  1 977; 1 978) . However, e i ther the 

eff i cacy and saf et y of these va cc i nes have not been ful l y  

d emonstrated, o r  s om e  of them had t o  b e  wi thdrawn because of se quel a 

s uch as abort i on and par al ysi s ( Campbel l and S tuddert, 1 983) . 
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A l mos t al l thes e vacci nes wer e der i ved f rom the abor t i f ac i ent 

strai n of EHV- 1 . Shimi z u  et al . ( 1 9 7 4 ) , however , used a combina ti on 

of both r es pi rator �  and abor t i f aci ent s t rains of th i s  v i rus . A 

vac c i na t i on program was advocated usi n g  a l i ve r es p i r at ory i s ol ate 

of H-45 i ni ti al l y , f ol l owed by the i nact i vated f oetal stra i n  ( KyD 

hams t er adapted ) (Kawakami et al . ,  1 9 7 4 ; Sh i mi zu et al . ,  1 9 74 ; 

K awakami and Shi mi zu ,  1 97 8 ) . I t  was claime d that vac c i nati on 

protected hors es f rom r es p i rator y  d i s eas e as wel l as ab or t i on .  

S i nce the r esp i r atory str ai n of v i rus used i n  the p rogram was 

i nsuff i c i entl y at t enuated and pot enti al l y  abl e t o  g i ve adverse 

ef fects  i n  pregnant mar es i ts e xt ensi ve use was not r e c ommended 

(Kawakam i and Shi m i zu , 1 9 7 8 ) . 

U s i ng grad i en t  ul tracen t r i f ugat i on and ge l el ectrophor es i s ,  

Papp-V i d  and Der byshir e  ( 1 97 8 ) puri f i e d v arious EHV- 1 nucl eo cap sid 

and envel ope components . Thes e f ract i ons wer e 

va ccines and admi ni strated t o  hams t ers , whi ch 

subsequently wi th ham ster- ada p ted EHV - 1 . 

used as s ubuni t 

wer e chal l enged 

Protect i on was 

demo ns tr ated onl y i n  those ani mals vac c i nated wi th 

envel ope- contai ni ng mat er i al s , espe c i al l y  g l ycopr otei n com po nen ts of 

the EHV- 1 envel ope . Later the a uthors ( 1 9 7 9 ) showed that , i n  v i tro , 

onl y a n t i body d i r e ct ed agai ns t  the v i r al envelope ne ut r al i zed EHV - 1  

i n  a pl aque r educ t i on tes t . They c oncl uded that the cr i t i cal , 

pr ot e c t i ve and i mmunogeni c anti g ens of EHV- 1 were l ocated i n  the 

v i ral envel ope . The use of th i s  mat er i al as a s ubu n i t va c c i ne may 

thus be an al t ernati ve to conven tional vacc i n es ( C amp bell  and 

S tudder t ,  1 983 ) . 
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2 . 3  E qui n e  Herpesv i rus Ty pe 2 

2 . 3 . 1  I ntroduc t i on 

P lummer and W at s on ( 1 96 3 )  f i r s t  i sol at ed e qu i ne her pes vi rus 

t ype 2 ( EHV- 2 )  f r om  a nasal swab tak en fr om a hors e w i th c a t arrh . 

Thi s i sol at e was serol og i ca l l y  d i s t i nct f r om  equ i ne he r pes vi rus type 

1 ( EHV- 1 ) ,  previ ousl y shown to cause r espirat or y  d i sease and 

abor t i on i n  Equ i dae (Dol l  et al . ,  1 9 5 7 ) . A number of E HV-2 i s ol ates 

have s i nce been r ecover ed a t  vari ous s i tes f r om  both i l l  an d 

appar entl y heal thy horses and fr om spont aneousl y degenerated e qu i ne 

cell cul t ur es ( Hs i ung e t  asl . ,  1 96 9 ; F l arnmini and A l l egri , 1 97 2 ; 

S tudder t , 1 97 4 ;  D u t t a  an d C ampb e l l , 1 97 8 ) . The v i ru s  was also 

found concur r ently wi th Streptococ cous e qu i  i nf ec t i on in c as es of 

s t r angl es ( S tudder t , 1 9 7 1 ) ,  an d w i th e qu i ne ade nov i ru s  i n  outbreaks 

of res p i r at or y  d i sease ( R ober t s  et al . ,  1 97 4 ) . EHV-2 has also been 

wel l  known as equ i ne cyt omegl ov i rus an d "sl ow grow i ng" equ i ne 

her pes v i rus because of i ts sl ow gr owth , i ts tendency t o  r emai n  cell 

assoc i at ed and i ts res tri cted hos t  range i n  t i ssue cul t ur e  ( Hs i ung 

et al . ,  1 969 ; S tuddert , 1 9 7 4 ) . 

2 . 3 . 2  C l i ni cal si gns and pathol ogy 

The cl i ni cal man i festati ons of EHV-2 i nf ect i on i n  horses are 

uncl ear . P os s i bl e  associ a ti o ns between EHV-2  i nfec t i on and chroni c 

pharyng i t i s  ( Bl akes l ee et al . ,  1 97 5 ; McA l l i ster an d Bl akesl ee , 

1 97 7 ) , c o nj unc t i v i t i s  (S tud der t ,  1 97 1 ; T he i n ,  1 97 8 )  and res p i ratory 

d i sease i n  foals ( Pal f i  et al . ,  1 978 ; Horner , 1 9 8 5 ) ha ve b een 

reported . 

Chroni c pharyng i t i s :  Chr oni c pharyng i ti s  i s  a common d i sease 

of horses , the es sential signs be i ng s er ous nasal d i scharge an d a 

. persi s t ent cough whil e other cl i ni cal parameters appear normal . 

Under phar ynge al endoscopy , nas opharyngeal lymphoi d  hyperpl as i a  and 

oedema wi t h  hy per aemi a of the d o rsopharyngeal rec ess can be s een . 

Mos t f oal s de vel op the cond i t i on around weani ng or as year l i ngs 

( Blakesl e e  et al . ,  1 9 75) . In 1 976 the Ameri can Associ ati on of 
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Equ i ne P rac t i oners co nduct ed a s urvey on the s yndr ome t ermed " equ i ne 

c hroni c phar yng i t i s" , and i n  th i s  s urvey EHV-2 was cons i der e d  one of 

the poss i bl e  causes ( K es ter 1 97 6 ) .  Previ ousl y Blakesl ee et al . 

( 1 9 75 ) reporte d that t wo young foals develo ped chroni c phar yng i t i s  

af ter exper i mental expos ur e t o  EHV-2 s trai n  L K ,  wi th v i ru s  be i ng 

r ecovered fr om i nfected animals an d ri s i ng ti tres agai ns t EHV- 2 

be i ng demons t rated . McA l l i st er an d Bl akesl ee ( 1 97 7 ) fur t he r  

a t t empted to draw att entio n t o  t h e  associ a ti on between EHV - 2  

i nf ect i on and chr oni c phar yng i t i s ,  p o i nt i ng to the chr oni c i ty of the 

condi t ion and the ub i qu i tousness a nd pers i s t ence of EHV - 2  i n  the 

horse popul at i on .  N ever thel es s ,  a true ca use and effec t  

r el a t i o nshi p has s t i l l  t o  b e  es tabl i s hed . 

C onj unc t i v i t i s :  T wen ty f i ve cas es of co nj unct i v i ti s wer e 

reported i n  hor ses bet ween 1 97 3  a nd - 1 97 6  i n  wh i ch the c l i n i ca l  

pi cture cons i s ted i n  each case o f  a par ti al , very pai nf ul 

k er atoconj unct i vi t i s  super f i c i al i s  �i th phot ophob i a ,  l acrym at i on and 

b l ephar os pasm f ol l owed by a co nj uncti val germi nat i on of bl ood 

vessel s  (Thei n ,  1 9 7 8 ) . I nfected h orses showed a concent ri c , 

i rregul ar l y  l i mi t ed da rkening of the cornea from 0 . 5  t o  1 cm i n  

di ameter wi th a cl oudy ri ng and r es ponded t o  tre atment wi th eye 

oi ntm ent cont a i ni ng desoxyur i di n .  Two EHV-2 i sol at es wer e r e covered 

f r om corneal b i ops y sampl es and eye  secre tions . T he author al so 

f ound higher l evel s  of c i rcul at i ng an t i body t o  EHV-2 i n  t he sera 

f r om horses wi th co nj unctivi t i s  than f r om no rmal ani mal s . In an 

outbreak of r es p i r at or y  d i sease , S tudder t ( 1 97 1 ) also r epor t ed that 

two of si x i nfect ed hors es dev el o pe d  conj uncti vi ti s ,  and EHV- 2 was 

i sol ated from ocul ar s wabs from both ani mal s . 

Respi rat ory d i sease i n  f oals:  A s  m ent i oned above , only two 

young f oals devel oped cl ini cal si gns of respi ratory d i se ase after 

e xperimental i nf ec t i on wi th EHV-2  ( Blakesl ee et  al . ,  1 97 5 ) . I n  

Hungary , Pal f i  et al .  ( 1 97 8 ) r eported a number of outbr eaks of 

r espi rator y  d i sease i n  young f oals age d  6 to 10 w eeks ; these 

occurr ed i n  many l ar ge studs and i n  each case EHV-2  w as the onl y  

v i ral i sol at e .  Near l y  a l l  the f oals o n  a proper t y  wer e i nf ected , 

and the cl i ni cal si gns observed were a sl i ght rise i n  t emperature 
0 . 

( 38 . 5 -39 . 5  C ) , dul l ness , and ser ous nasal di scharge l as t i ng f or 
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several days . I nf ected f oa l s  d i d  not res pond t o  ant i b i ot i c 

admi ni strat ion . Two s tages coul d be di s ti ngu i shed during the course 

of the d i sease . M os t  f oal s appear ed to have recovered after on e 

week , but two t o  thr ee wee k s  l at er 3 0 - 4 0% o f  them be come i ll aga i n  

and showed severe r es p i ratory s ymptoms wi th a hi gh el evat i on o f  body 

temper at ure , dys pno ea and prostra tion . I n  t h i s  se con dary phase 3 0 %  

t o  4 0 %  of affected ani mal s d i ed . Corynebac teri um equ i i  was i s ol ated 

fr om t he l ungs of  a l l  the  foal s that succumbed . T hr e e  t o  f our-f ol d 

i ncr eas es i n  an ti body t i tres aga i ns t  E HV-2 wer e demons trated i n  

pa ired s era , but no i ncreas e  i n  ti t re coul d  be detected agai ns t 

EHV- 1 , I nfl uenza e qu i  A 1  an d A2 , and P I - 3 , al l of wh i ch are common 

causes of res pi rator y d i sease i n  hor s es . Dur i ng outbreaks i n  

subse quent years the c ourse of t he disease be came mil der and l os s es 

decreased to ar ound 5 % . 

A simi l ar s i t ua t i on was r ecently r e cognised i n  N ew Zeal and 

( Horn er , 1 9 85 ) . O v e r  f our succes si ve ye ars 1 2  foal s rangi ng f r om  8 

weeks to 8 months i n  age d i ed wi th respi rat or y  d i seas e on one s t ud , 

other i nfected f oal s showed e i ther m il d  or sever e r eactions but 

r ecovered . The cl i ni cal si gns were s i m i l ar to thos e des cr i be d  i n  

H ungary ( Pal f i  et al . ,  1 97 8 ) i ncludi ng p yrexi a ,  nasal di scharge , 

anor exi a ,  enl ar ge d  l ymph no des , pur pu r a  haemorrhag i ca , and 

p haryngi ti s .  EHV- 2 w as i s ol ated f r om  mos t of th ese cases , and a 

number of bacter i a  wer e  al s o  recover ed ( eg .  Streptococcus 

zooepi demi cs , A c  t i  nobac i l l  us equ ul i , C or ynebacteri um e qu i i ,  

Sal monel l a  typhi muri um , Bordetel l a  bronchi s epti ca and Escher chi a 

�) . I n  one f o al both EHV- 1 an d e qu i ne adenovi rus were a l s o  

i sol at ed . 

Dur i ng an out b r e ak of res p i ratory d i seas e i n  A us tral i a , EHV-2 

was recovered fr om two foals whi ch d i ed of pneumoni a 

( Stud der t , 1 97 4 ) . Ver y recentl y ,  an outbr eak of EHV-2 ass oc i at ed 

r espir atory di sease of young foals was d es cribe d  i n  J a pan ( Sugi ura 

et al . ,  1 98 3 ) , .  wi th a r i se i n  an t i body ti tres aga i ns t  EHV-2 

demons trated i n  t wo animal s .  

In Hungary t he pa thol ogi cal f i nd i ngs wer e  of catar rhal 

pneumoni a wi th numerous abscess es i n  the l ungs ( Pal f i  et al . ,  1 97 8 ) . 
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I n  those cas es repor t ed by Horner ( 1 985 ) i n  N ew Zeal and , however , 

many different si t es wer e i nvol ved , and fat al ba ct e ri al i nf e c ti ons 

occurred w i th var i ous l es i ons of pneumoni a ,  ar thr i t i s ,  col i ti s ,  

p e r i toni ti s ,  cellul i t i s , hepati t i s , nephri t is and mening i t i s . 

N ot abl e changes wer e also seen i n  the l ympha t i c t i ssue . Lymph nodes 

were  usual l y  enl arged w i th l ymphadeni t i s  characteri se d by l ymphoi d 

and reti cul oendothel i al hy per pl as i a ,  p r ol i f er at i on of i mmuno bl as t i c  

c el l s , oedema , cap i l l ary prol i f er a t i on and f i bropl asi a , 

erythr ophagocytos i s ,  p r es ence of atypi cal l ymphocytes , f ormat i on of 

s yncy t i al cells and pr ol i f er a t i on of ma cropha ges l i ni ng the 

m edul l ary s i nuses . I nt eres t i ngl y chroni c pharyng i ti s  wi th 

f ol l i cul ar hyperpl asi a of the tons i l l ar l ymphoi d t i ssue was al so a 

cons tant f i ndi ng i n  the f oal s . Of the 1 2  f oal s , f our al so showed 

thr ombocytopaeni c pur pur a charact e ri sed by l ow pl atel et counts and 

normal f i br i nogen l evel s .  

Hor s es m ay be com e i nf ected wi th EHV-2 by co ntact as young f oa l s  

( Studder t , 1 9 7 4 ) . The v i rus m a y  then persi s t  mul t i pl y i ng i n  

pharyngeal l ympho i d  f ol l i cl es ( Harden et al . ,  1 97 4 ) , c aus i ng chr oni c 

pharyng i ti s .  A v i raem i a  i s  then l i k ely t o  f ol l ow wi th the v i rus 

b e i ng i sol ated  from m any s i t es such as ki dney , bon e marrow , spl een , 

t e s  ti cl e and geni tal tract ( Kono an d Kobayash i .  1 96 4 ;  H si ung et al . ,  

1 969 ; S tuddert 1 9 7 4 ) . I n  unc ompl i c at ed c as es , EHV- 2 i nf ec ti on 

m i ght appear i n  a s ubc l i ni cal f orm or as a ve ry m i l d  d i sease wi th 

s i gns such as fever , n asal di schar ge an d enl arged l ymph no des 

( Studdert 1 97 4 ) . 

Recentl y ,  Blakes l ee e t  al . ( 1 98 0 )  demons trat ed i n  v i tro that 

EHV-2 can cause a do s e- r el at ed s uppres s i on of ant i gen- or 

m i togen- i nduced l ymphocyte  bl as togenesi s .  T h i s  f in d i ng was 

conf i rmed i n  v i vo us i ng the r abb i t as a model ( A l l er et al . ,  1 980 ) . 

Based on these f i nd i ngs , Hor ner ( 1 985 ) s ugges'ted that EHV-2 may 

repl i cate i n  the l ymphoi d t i ssue and cause i mm unosuppr es s i o n  whi ch 

i n  tur n  predi spos es f oa l s  to bacter i al or v i ral i nf ec t i ons . Under 

condi t ions of stres s , s uch as mal nutri tion , transporta t i on and 

i nadequat e m anagem ent , . thi s  may l ead to overwhe l mi ng bacter i al 

i nf ec tions resul t i ng i n  d e ath . I n  most cases reported by Pal f i  e t  
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a l . ( 1 97 8 )  and H or ner ( 1 985 ) p o t en t i al l y  pathogeni c ba ct e r i a were 

i sol at ed f rom the f oal s i n  the term i nal stage of  the d i seas e  or  at 

pos t mor t em . 

2 . 3 . 3  Ep i dem i ol ogy and I mmunol ogy of EHV-2 I nfect i on 

Compl emen t  f i xat i on , v i r al neutral i zat i on and 

i mmunofl uor es cence ant i bod y tes ts have been us e d  to detect EHV-2 

i nf ec t i on ( Bl ak es l ee et al . ,  1 975 , Murnf ord an d Thom son , 1 97 8 ) . The 

compl ement f i xat i on t es t  de t ects both a common ant i gen of EHV-2 and 

a her pesv i rus group-spe c i f i c  an tigen ( P l ummer , 1 9 6 4 ) , whereas the 

v i ral neutral i za t i on tes t detects type- spec i f i c  ant i gens ( K arpas , 

1 96 6 ; P l umm er e t  al . ,  1 96 9 , 1 9 7 3 ) . Mumford and T homson ( 1 97 8 )  

compar ed the above thr ee t es t s  us i ng an t i serum pr oduc ed i n  r abb i ts ,  

and found that the  i mmunofl uor escence a n t i bod y t es t  was pr ef erred 

due t o  i ts broad r eacti v i ty amongst EHV-2 i sol at es , and i ts l ac k  of 

cr oss reac t i o n  wi th EHV- 1 antis erum produced in a gnotobi o ti c f oal 

and wi th sera aga i ns t  other her pes v i r uses . The h i gh l evel of 

anti- compl ementar y a c t i v i t i es i n  rabb i t s erum and the wi del y 

d i f f er ent ac t i v i t i es of d i f f er ent bat chs of compl ement f i x a t i o n 

ant i gen ,  r ender e d  the c ompl ement f i xa t i o n  t es t i nf e r i or t o  the IF  

t es t . 

Epi dem i ol ogy 

EHV-2 i nf ec t i on i s  ub i qu i tous amo ng horses ( S tudder t 1 97 4 ,  

Pil f i  et al . ,  1 978 ; Blak esl ee e t  al . ,  1 980 ) . S er ol og i cal e v i dence 

sugges ts that the preval ence i n  the horse popul ation may ap p oach 

1 00% ( Pal f i  et al . ,  1 97 8 ; J ol l y  et a l . ,  1 98 4 ) , so that al l hor s es 

wi l l  probabl y  eventua l l y  become i nf ec t e d . Attempts at v irus 

i s ol a tion have , however , gi ven var y i ng r es ul ts . Thus Blak esl ee e t  

al . ( 1 980) r epor t ed that EHV-2 was recover ed f r om  nasal swabs o f  

30% of 67 hor s es with upper r es p i ra t ory i l l nes s (URI ) , wh i l e  

Sher nm an et al . ( 1 977 ) demonstrated a 4-6 %  isol at i on r a t e  f r om  

race track hor s es dur i ng outbreaks o f  URI . I n  out breaks of U R I  i n  

foal s i n  H ungary EHV- 2 was recover e d  f r om al l ani ma l s  swabbed ( Pa l f i  

e t  al . ,  1 97 8 ) . In ano ther s t ud y ,  K emeny and Pearson ( 1 970)  

recovered EHV-2 f rom the l eucocytes of 7 1  out of 80 ( 88 . 7 % )  
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appar entl y normal hor s es . Dur i ng a peri od o f  6 months , EHV -2 was 

isol ated o n e  or more times fr om 5 of 7 young f oal s ( W i l k s  and 

S tud dert. 1 97 4 ) . The d i f fer ences i n  f requency of i sol ati on i n  these  

vari ous s tu d i es may r el at e  t o  th e suscept i b i l i t y of  c e l l  l in es used 

f or i sol at i on ,  or the methods used f or r e covery of v i rus ( Bl akesl ee 

et al . ,  1 9 8 0 ) .  A no ther explan a t i on woul d be that d i f f er en t  s i t es 

wer e sampl ed by d i f f er ent autho r s . 

Ther e i s  evi dence that EHV-2 i nf ecti on pers i s ts ( S tuddert , 1 97 4 ,  

Blakesl ee et al . ,  1 9 80 ) since the v i rus h as been i s ol at ed f r om  

l eucocy t es and nasal swabs f rom normal horses ( K em eny and Pearson 

1 9 70 ; Harden et al . ,  1 9 7 4 ; Thomso n ,  1 9 78 ) and i t  also c an be 

repeat edl y r e cove red f rom the same horses f or l ong pe r i ods of ti me 

(W i l ks and S tuddert 1 9 7 4 , Blak esl ee et al . ,  1 9 75 ) . Foals  appar ently 

shed v i rus f or l onger than do ol der hors es ( Bl akesl ee e t  al . ,  1 9 75 ) 

and thi s m ay i ndi cate tha t aged horses have a sol i d  i mmuni ty wh i ch 

aff or ds b e t t er protec t i on .  

C l i n i ca l  si gns assoc i at ed wi th EHV-2 i nf ect i on ar e m a i nl y  

conf i ned t o  young foal s ( Blak esl ee e t  al . ,  1 9 75 , Pal f i  et al . ,  1 97 8 , 

H orner , 1 9 85 ) , and the mortal i t y i n  compl i cated s i tua t i o ns has b een 

thought to r each 30-40%  ( Pal f i  et al . ,  1 97 8 ) . Old ho rses shed v i rus 

wi thout ove r t  cl i ni cal s i gns al though an ass oc i at i on w i th chroni c 

pharyngi t i s  has been ma de ( Bl a k e sl ee et al . ,  1 9 75 ; M cAl l i ster  and 

Blak esl ee, 1 9 77 ) .  

Foal s are  bel i eved to be i nf ec t ed w i th the v i rus i n  the f i r s t  

f ew weeks ( 6 - 1 0 weeks ) of l i f e  (W i l ks and S tudd ert , 1 97 4 ; P al f i  et 

al . ,  1 97 8 ) , poss i b l y  by inhal a ti o n  or by contact wi th the i r  dams 

the v i rus i s  then pr obably tr ansmi t ted among the gr oup ( K emeny an d 

P earson , 1 9 70 ;  S tudder t , 1 97 4 ) . Onc e i nf e cted , a foal pos s i b l y  

mai nta i ns i ts i nf ect i on and becomes a l i fe- l ong c ar r i er and a 

constant she dder of the v i rus ( S tuddert , 1 97 4 ) .  The l a t er a u thor 

also pos t ul at ed tha t  the ce l l s  whi ch s uppor t the pers i stent 

i nfection of EHV- 2 might be l ym phocy t es since the v i rus was 

recover ed f rom the buffy coat i n  a high pr opor t i on of cas es (Kemeny 

and Pearson , 1 97 0 ) ;  i t  was als o  r e covere d  to a l es s er degr ee f r om  

other s i tes , i n  par t i cul ar the epi thel i a! cel l s  o f  k i dn ey , s pl·een 
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and tes t i cl e  (Kar pas , 1 96 6 ; S tudder t , 1 97 4 ) . 

H ar d en et al . ( 1 9 7 4 )  r ep orte d that s ome EHV-2 i s ol ates were 

compl et el y r es i s tent to the ac t i on of ant i sera r ai sed aga i ns t  other 

i sol at es . Thi s sugges ts that EHV- 2 compri ses a n umber of 

anti gen i ca l l y  d i s ti nct he t er ol ogous v i ruses . 

T he anti geni c d i ff erences between EHV- 2 i s ol a t es d etec ted by 

the vi rus neut ral i zat i on t es t ar e al s o  refl ected i n  the i r  gene t i c  

d i ff er ences . Thus , nine i sol ates o f  EHV-2 i sol ate d f r om a s t ud i n  

N ew Ze al an d , i ncl ud i ng thr ee i s ol ated o n  the same day , al l show ed 

differ ent p at t er ns of DNA fi nger p r i n ts when examined by t he 

res tri cti on endonucl ease t echni que ( A l l en and H or ner , Per sonal 

communi c a t ion) . 

S i nc e  EHV-2 i sol ates anti  gen i cal ly and ge neti ca l l y  

differ ent , hors es coul d be i nf ec t e d  wi th more than one  s t r a i n  duri ng 

the i r  l i f e .  Thus Mumford and T homson ( 1 97 8 )  reported t ha t  sera f r om  

conventional horses whi ch yei l de d  i s ol at es o f  EHV- 2 had a m uch 

broader reacti vi ty t han d i d  rabb i t ant i serum r a i s e d  aga i ns t  one 

i sol ate o nl y . Thi s may al so e xpl ai n the mul ti pl e epi sodes of 

res pi ratory d i sease exper i enced by horses ( S tudder t 1 97 4 ) . 

Unl i ke human c y t omegal ov i rus , EHV- 2 h as not yet be en shown to 

cause i nt rauter i ne i nf ect i on , and thus al l of a seri es of f oal sera 

sampl ed b e f or e  col ost rum cons ump t i on were negati v e  to EHV-2  

( Studdert, 1 97 4 ;  W i l ks and S tudd er t , 1 97 4 ) . Milk  and  ur i ne ar e common 

mod es of t r ansmi s s i on for human c y t omegal ovi rus , but t hese ha ve not 

been i nves t i gat ed as a sour ce of E HV-2 i n  f oal s . 

Immunol ogy 

Col os t rum conf ers on f oals pass i ve i mmuni ty aga i ns t  E HV-2 , and 

t i tres aga i ns t  EHV-2 f ound i n  t he f oal s '  ser a are com par abl e to 

those of t he i r  mares (W ilks  and S tudde rt, 1 974 ) . T hese authors 

( 1 97 4 )  a l s o  showed that the mat e r nal l y  de r i ved anti body d ecl i ned �o 

i ts l owes t l evel a t  around 90- 1 2 0  days . Subsequen tl y r i s i ng t i tr es 

can be r ea d i l y  detected i n  p a i r e d  sera col l ec t ed f rom d i s e as ed 
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ani mal s ,  es pe c i al l y  i n  young f oals ( Bl ak esl ee e t  al . ,  1 97 5 , Pal f i  e t  

al . ,  1 978 ) . The r eport of r es pi r at or y  d i se as e  occur r i ng i n  young 

f oal s age d 6 - 1 0  weeks ( Pal f i  et al . ,  1 97 8 , Hor ner , 1 9 85 ) a r e  

cons i stent wi th thes e f i ndings . Thus at thi s s t age , a l ower ed 

passi ve an ti body ti t r e  woul d not be prote cti ve . These f i n d i ngs are 

suppor t ed by t he work of Bel ak et al . ( 1 98 0 ) . Thus f oal s pas s i vely 

i mmuni zed w i th hyperi mmune ser um a ga i ns t  EHV-2 i mmed i at el y  a f t er 

b i r th di d not dev el o p  cl i ni c al s i gns , and shedd i ng of EHV - 2  di d not 

occur . In co nt ras t ,  f oals no t rece i v i ng y-gl obul i n  devel oped 

r espiratory s ymp toms and started t o  she d EHV-2 i n  t h e  nasal 

discharge at about 3 weeks of age . R epeated i nj ec t i ons of 

hy perimmune s erum at mo nthl y i nt er val appar ently prevented 

r espi ratory d i sease i n  the f oal s on one s t ud where the d i sease had 

been sever e i n  the prev i ous year s . T hes e f i ndi ng s  i n d i r ectly 

sup por t the hypothes i s  that EHV-2 or cer t a i n  s trai ns of EHV-2 p l ay a 

rol e i n  r es p i r at or y  d i sease i n  young f oal s , even though secon dar y 

bac ter i al i nf ect i on shoul d be hel d res pons i bl e f or the de aths 

reported by Pal f i  et al . ( 1 97 8 )  and by Horner ( 1 9 85 ) . F ur the rmor e 

these f i nd i ng s  i nd i cate that pas s i ve i mmuni ty mi ght be usef ul i n  

prevent i ng th i s  c ompl i ca t i on i n  young foal s i nf ected wi th EHV - 2 . 
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Chapter 3 

MATE R I ALS and METHODS 

M ost of the mat eri al s an d methods appl i e d  i n  thi s s tudy are 

des cr i bed bel ow . Detail ed proce dur es f or s pec i f i c  t echn i ques ar e 

gi ven i n  the relevant c hapters . 

3 . 1 A n i mal s 

Thi s s tudy was un der taken on a Thor oughbred s tud farm i n  wh i ch 

r es p i r atory d i s e ase was a probl em i n  young foals aged 2 - 4  months . 

S i xt e en mares and the i r  f oa l s  wer e sel ected randoml y and bl ood 

sam pl es an d nasal swabs wer e tak en from these mar es bef ore 

par t ur i ti on and ther eaf ter at monthl y i nt erval s .  T he i r  f oals wer e 

sam pl ed at the same time c omm enc i ng when they wer e around 3 0  days of 

age . S i nce t he f oal i ng season i n  the southern hem i sphere s tar t s  i n  
A ugus t and September , the survey was i ni ti ated i n  S e p t ember 1 983 and 

ceas e d  i n  the f ol l owi ng J ul y . Serum and nasal swabs from mar es wer e  

not taken beyond the t i m e  o f  weani ng but the coll e c t ion of sam pl es 

from f oal s cont i nued thr oughout the ent i r e per i od . 

3 . 2  S ampl i ng P rocedures for  H orses 

0 
S era were separated f rom who l e  bl ood and s t ored at - 2 0  C .  

N asal swabs i mmersed i n  t r ans por t med i um ( s ee bel ow)  were ei ther 
0 

s tor e d  at - 1 8  C tempor ar i l y  befor e  trans por t at i on or packed i n  i ce 

and s ent to the l abor atory . 

J 3 . 2 . 1 Nasal S wabs : 

Nasal swabs were 1 5  c m  l ong and co t ton- ti ppe d . A ster i l e  swab 

was f ully i nserted i nto each hors e ' s nos t ril ( ri ght or l eft as 

convenient)  and l eft for bet ween 30-60 seconds . The swab was then 

wi thdrawn and the end broken off and immedi at ely i mmersed i n  2 ml of 

trans port medi um containi ng T 1 99 ( Wel lcome , and Flow l ab .  Inc . )  

wi th 0 . 2% bovine serum al bumen and anti bi oti cs . The l at t er 
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consisted  of 200 IU/ml of peni c i l l i n ,  2 mg/ ml of s t r e p t om yc i n ,  2mg 

kanamyc i n  and 0 . 5  mg/ ml of amphot er i c i n  B .  

Bef or e thei r i nocul ation ont o cell c ul t ures , t he swabs were 

squeezed out i nt o  t rans por t medi urn wi th s ter i l e f or ce p s  an d th i s  

medi um was then centr ifuged a t  1 000g f or 1 0  mi nut es . T he 
0 

s upernatant was stor ed at -70 C unt i l  v i r us i sol ati on was at temp t ed . 

3 . 2 . 2  Ser a  

B l ood was col l ected f r om the j ugul ar ve i n  i nt o  pl a i n  ster i l e 
0 

vacuum tubes . The t ubes wer e kept at 4 C ove r ni ght and then 

cent r i fuged at 500g f or 8 minut es befor e the serum was p oured off 
0 

and stor e d  a t  -20 C .  

3 . 3  C ell  C u l tur e 

Thr oughout the proj ect , RK- 1 3 ,  a commer c i al rabb i t  k i dney cell  

l i ne was p assaged seri ally  b y  convent i onal me tho ds and us e d  f or 

v i rus i sol at i on ,  t i trat i on and i dent i f i ca t i on of EHVs . G rowth 

medium con s i s ted of 5 - 1 0 v/v foetal calf s erum ( F CS )  i n  T 1 99 med i um 

( Appendi x  I )  wi th the ad d i t i on of pen i c i l l i n  ( 1 00 u / ml ) ,  

streptomy c i n  ( 1 0  mg/ ml ) , kanamyc i n  ( 1 0  mg/ml ) m i x t ur e  ( PSK ) to 1 %  

v/ v .  The m a i ntenance med i um was the same as growth medi um except  

that F CS w as reduced to 1 - 2% v/v . A l l  the  mat er i a l s  used f or cell  

cul tur e ,  i nc l ud i ng med i a ,  f l as ks , m i cr ot i tre pl at es and gl asswar e 

wer e s ter i l i zed by ul traf i l tr at i on ,  y-rad i at i on ,  or by autocl av i ng 

as approp r i ate . 

3 . 3 . 1  Stor i ng and R econs t i tuti on of C el l s  

and s tored i n  Cell s tocks wer e kept i n  s eal ed glas s  ampoul es 
6 

ampoul e contai ned appr ox i mat ely 1 x 1 0  cel l s  l i qui d  n i t r ogen .  Each 

in 1 . 0 ml of T 1 9 9  me d i um to whi ch had been added 20% F CS and 1 0 % 

dimethyl s u l phoxi de ( DMSO ) .  

I n  or der t o  r e cons ti tute c e l l s , ampoul es s tor ed i n  l i qu i d  
0 

nitrogen wer e r emoved and thaw ed rap i dl y  i n  a wat er bath at 37 C .  
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Each ampoul e of cell sus pens i on ( 1 . 0  ml ) was d i l ut ed wi th 9 . 0  ml of 

gr owth medi um and t he cel l s  were pell eted by cent r i fuga t i on at 1 000g 

f or 1 0  mi nutes and then resuspende d i n  1 0  ml gr owth med i um f or ce l l  

counti ng . 

3 . 3 . 2  Growth and T ryp s i ni zat i on of C onflue nt Monolayers 

5 
App roxi mat ely 1 x 1 0  R K- 1 3  cells/ml i n  20 ml growth med i um wer e  

d i s pensed i nt o  pl as ti c t i ssue c ul t ur e  fl as ks ( F al con 75  2 cm , C at . 
0 

N o .  302 4 )  and then i ncuba t ed at 31 C .  C onfluent monol ayers wer e 

us ually  f ormed after 3-5  days , and then the medi um was changed to 

m a i nt ai nance m ed i um ( T 1 9 9  + 2% FCS + 1 %  PSK )  pri or to use . 

Bef or e trypsi ni zati on , the me d i um was r emoved 

monolayers were washed 

buf f ered sal i ne ( PBS . 

t wi ce wi th 1 0  ml of s ter i l e  

pH 7 . 2 ) ( Appendi x I )  and 3 ml of 

and cell 

phos phate 

a mi xture 

conta i n i ng A nt i b i ot i cs-T r ypsin-Ver�i ne ( ATV ) ( Append i x  I )  was then 
0 

added . The fl ask was i nc ubated at 37 C f or 1 0  m i nutes , shaken to 

separate aggr egat es of cells and then 1 . 0  ml of growth medi um was 

added befor e  cell count i ng .  

Cell coun t i ng was performed by the T rypan Blue e xclus i on 

method . Thus 0 . 2  ml of cell  suspension was m i x ed wi th 1 . 8  ml Tr ypan 

B l ue solut i on ( Append i x  I )  and the number of uns tai ne d v i abl e R K- 1 3  

cells  per ml of the origi nal sol ut i o n  es tim at ed usi ng an Improved 

N eubauer Haemocytometer ( Spencer , Gemany ) .  

Af ter cell numbers were det ermined , sus pended cel ls were 

d i s tr i buted i nto t i ssue� cul tur e fl as ks and t i ssue cul tur e pl at es 

( L i nbro tray s )  ( Fl ow Laboratori es I nc .  M cL e an ,  V i rgi ni a ,  U . S . A . )  
5 

a t  appr oximately 1 x 1 0  cells  per ml , or i nt o  m i cr o t i tre pl ates at 
5 

approx i mat ely  1 . 75x 1 0  c e l l s  per ml accor d i ng t o  r e qu i r em ent . 

3 . 4  V i rus I s ol ati on 

V i rus i sol at i on was attempted using the above R K- 1 3  cells  i n  

t i ssue c ul t ure pl ates ( L inbro trays) .  P r i or t o  monol ayer 

f ormat i on ,  dupl i ca t e  wel l s  wer e  each i nocul at ed wi th 0 . 2  ml of the 
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f l u i ds ob tai ned from the nas al s wabs . I nf ec t ed c ul tur es wer e 
0 

m a i ntai ned a t  37 C wi th 2-5% FCS i n  T 1 9 9 . The cel l s  wer e  e xam i ned 

d a i l y  under an i nverted mi croscope f or the ap pear en ce of cytopathi c 

e f f ects ( CP E ) . After 1 4  days the t i ssue cul ture pl ates wer e f r ozen 
0 

a t  -70 C an d l ater thawed f or f ur ther passages . Sampl es were 

consi dered neg a t i ve aft er the thi r d  p assage i f  no CPE was observed . 

3 . 5  Produc t i on of V i rus S tocks 

3 . 5 . 1  EHV- 1 

The EHV- 1 v i rus used i n  th i s  wor k was i solated from an abor t ed 

f o etus at W alla ce v i l l e  Animal H e al th Laboratory , U pper Hutt , 

W el l i ngton ( H u t t on and Durham , 1 97 7 ) . RK- 1 3  cell cul tur es were used 

f or the propagati on of EHV- 1 . Confluent monol aye rs i n  ti ss ue 

cul tur e f l as k s  wer e washe d twi ce wi th PBS , the med i um was cha nge d t o  

T 1 9 9 wi thout any serum added , and t he fl as ks were then i nocul ated 

wi th s tock v i rus at approximately 0 . 1 ti s sue cul tur e i nf ect i ve dose 

( T C I D )  p er cell . C ul tur es were h ar vested when 90- 1 00% of cel l s  

s howed C P E . T h i s  usual l y  occurred wi thi n 48 hour s after i nfect i on 
0 

and the v i rus wer e  then stored at -70 C .  

The same pr ocedur es wer e used f or the pr epar at i on o f  v i r al 

anti gen f or E L ISA except that an equal numbers of control cel l 

c ul tur es wer e i ncl uded and tr eat ed i denti cal ly bu t wi tho u t  v i rus 

i nocul a t i on .  

3 . 5 . 2 EHV-2 

The s t oc k  EHV-2 v i rus was i s ol at ed f rom a f oal on the s tud 

bei ng i nves ti g ated ( A . J .  Rob i nson , personal communi c a t i o n )  and 

l at er i denti f i ed as EHV-2 ( G .W .  H or ner , personal communi cat i on ) . 

Methods of p r oduc t i o n  of EHV- 2 were the same as d es c r i bed  f or EHV- 1 

except that the cell cul tur es wer e i nocul at ed wi th EHV- 2  b e f or e  the 

cell monol ayers were c ompl eted and m a i nt anance medium was used a f t er 

v i rus i nocul at i on .  The t i me f or EHV-2 t o  produce a CPE var i ed f r om  

o n e  i s ol a t e  t o  another b u t  usual l y  r e qu i r ed 3- 1 0  days . 
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3 . 6  T i trati on of V i rus 

C onfl uent m onol ayers of RK- 1 3  cells  wer e  prepar ed by 
5 

i nocul at i on of 1 0 0 �1 of mat eri al co nta i n i ng 1 . 75 x 1 0  cells  per ml 

i nt o  each well of a 96-well mi cr o t i tre  plate ( F al con , C at . N o .  
0 

3040 and 304 1 , USA . ) wh i ch was i ncubat e d  at 37 C f or 3-5 days . 

A f ter washi ng w i t h  PBS , each well of the mi cro ti tre plat e was 

i nocul ated wi th 50 �1 of a ser i al 1 0 - fol d d i l uti on of v i rus 

preparation in m a i ntanance medi um .  T en wells  were i noc ul ated wi th 

each dilut i on an d an appropri at e  number of control s wer e i nc l ud e d .  
0 

E ach pl ate was i nc ubat ed at 37 C unt i l  C P E  was ful ly devel ope d .  The 

v i rus ti tres were cal c ulated by the method of Reed an d Muench ( 1 9 38 ) 

and e xpres s ed as a t i ssue cul ture i nf ect i ve dose ( TCI D ) . 

3 . 7  V i rus I den t i f i cat i on 

All  vi rus i so l at es made i n  this study wer e  i denti f i ed by the 

procedur es des c r i bed below . 

3 . 7 . 1  Observa t i on of V i rus Behavi our i n  C ell Cul tur e  

A f ter i nocul ati on wi th extract f rom the nasal swabs , the cell 

cul t ures in the L i nbr o tray wer e  obs erv e d  daily for the devel o pm ent 

of a char acter i s t i c C P E  and the t i me r e qu i red f or i t s i ni t i al 

appear ance . 

3 . 7 . 2  Electron M i croscopy ( EM )  

Negat i ve s ta i ni ng was used t o  exam i ne these · i s ol at es . I nf ected 

c el l s  wer e f i rs tl y  cent ri fuged at 1 00 0g f or 1 0  minutes and then the . 

super natant was pell eted thr ough a 45 % ( W/ V )  s uc ros e cush i o n  at 

2 1 000 g f or two and half hours . The v i ral mat eri al i n  the pell et 

was then lysed by addi t i on of 0 . 2  ml di s t i l l ed water . 

O ne drop ( 0 . 25 ml ) of BSA was added to a carbon- f ormv ar c o ated 

gri d ,  fol l owed by a dr op of the v i ru s  l ysate . Af ter was h i ng wi th 

d i s t i l l ed water , p hosphotungs t i c  aci d ( pH 7 . 0 ) was then a dded . 

Excess flui d was absorbed wi th f i l  t�er paper at each s t ep an d the 
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g r i ds f i nal l y  exam i ned under a Ph i l i p s  EM 200 ( Phil i p s , E i ndhoven ,  

the N etherl and ) . 

3 . 7 . 3  Chl or o f orm Sens i ti vi ty 

The m ethods used were those of F el dman and W ang ( 1 96 1 ) .  

Dupl i cate 1 ml sampl es of v i rus s ol u t i on were d i s pensed i n  b i j oux 

bot tl es and t o  one was added 0 . 05 ml of chl or oform . A f ter shak i ng 

i ntermi ttently f or 1 0  m i nutes at r o om temperatur e , both chl or of orm 

treated and v i rus cont rol sampl es wer e cent ri fuge d  at 1 000 g f or 5 

m i nutes . T he supernatant was then r emove d and added t o  confl uent 

monolayers of  RK- 1 3 cells  i n  t i ssue cul tur e pl ates ( L i nbro t rays ) 

whi ch wer e o b s erved da i l y  to compar e the appear ence of CPE s . 

3 .  7 .  4 S ta i ni ng of I ncl us i on Bod i es 

RK- 1 3  c e l l s  grown on cover s l i ps i n  a L i nbro t ray were 

i nocul ated wi th 0 . 2  ml of vi rus s ampl e i nto each well an d s tai ned 

usi ng Haem a t oxyl i n  and E os i n  H & E) af ter CPE ha d de vel oped . 

C oversl i ps r emov ed f r om the L i nb r o  t ray were r i nse d i n  PBS f or 1 0  

seconds be f or e  be i ng f i xed i n  Bou i n ' s f i xat i ve for 5 seconds . Af ter 

washing i n  t hree changes of 70% ethanol , the coversl i ps were stai ned 

i n  Erhl i ck s  H aematoxyl i n  f or 5 m i nutes , washed in t ap wat er an d 

Scot t ' s t apwater . T he cover sl i p s  wer e  then immer sed i n  1 %  E osin  

soluti on f or 1 0  m i nutes and dehydrat ed in  95 % and 1 00%  ethanol for 

1 0  seconds each . F i nal ly , the coversl i p s  wer e  was hed i n  xyl ol and 

mounted ont o sl i des i n  DPX f or exami nat i on un der the l i ght 

mi cr oscope . 
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THE DEVELO PMENT OF AN ELISA TEST FOR DET ECTING 

ANTI BODI ES AGAINST EHV- 2 IN EQU I NE SERA 

4 . 1  I ntroduction 

Serum neutral i z at i on , compl ement f i x at i on and immunofl uore­

scence ant ibody tests have b een adap ted for the detect i on of 

ant i b od i es to EHV- 2 ( Mumf ord and Thomson , 1 9 7 8 ) .  However , a test 

that i s  more sens i t i v e ,  spec i f i c  and eas i er to perform would be 

use ful for invest i gati ons into the seroepi demi olgy of , and humoral 

immune response to EH V-2 i nfec t ions . 

The enzyme l i n k ed immunosorbent assay ( EL I SA )  or i g i na l l y  

descr i bed b y  Engvall and Perlmann ( 1 97 1 ) has the po tent i al to 

ful f i l l  the ab ove requirements and was the r e f ore devel oped for the 

measurement of ant i b ody aga inst EHV-2 in equ i ne ser a .  

4 . 2  Mater i als and Methods 

4 . 2 . 1  Prepara tion o f  Anti gen 

The v i rus use d as the ELI SA anti gen i n  this study was iso l ated 

i n  1 98 2  from the Thoroughbred s tud under inves t i gation ( A . J .  

Rob i nson , personal commun i cat i o n )  and i denti f i ed as EHV- 2 by the 

R AHL ( G .  W .  Horner , p ersonal commun i cat i on) . The v i rus was 

propagated in RK- 1 3 cell monolay ers i n  t i s s ue cul ture f l asks ( F al con 

75x2 cm, cat . no . 3 0 24 ) . Before the monol ayers were formed , the 

cell cul tures were wa shed twice w i th PBS , the n  T 1 99 med ium wi th 2 - 5 %  

FBS and ant i b i ot i cs were added . Each f l ask ( 20 ml ) was i nocul ated 

with 1 .0  ml  o f  stock v irus . The same numb er of un infected control  

cel ls were also i nc l uded .  The concent rat i on of the s tock v i ru s  was 
6 

app roximately 1 x 1 0  TC ID . When comp l e t e  C PE was observed , u sual l y  

8 days after i nocul a t i on ,_ the cell cul tur es were harves ted and 
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stored at -70  C .  

42 

P r i or to their  use , the cul tures wer e  frozen and thawed three 

t i mes in order to rel eas e all the v i ru ses rema i n i ng in the ce lls . 

E qual volumes o f  i nfec ted and uninfec ted cells were then treated by 

the polyethyl ene gl ycol ( PEG) prec i p i tation me thod as descr i b ed by 

J ol l y  ( 1 98 3 ) .  Br i e fly , 360 ml s ( from 1 8  ti ssue cul ture flasks)  of 

both i nfec ted and uni nfected cell cul ture materials were adj usted to 

1 . 0 M NaCl and 8 %  W/V PEG ( of average molecular we i ght 6000 -7500 ) .  
0 

The p reparati ons were st i r red for 2 hou rs at 4 C ,  then l e ft to stand 

ov ern i ght . The prec i p i tate that formed was recovered by 

centr i fugation in a Sorvall GSA ro tor at 8000 rpm ( 1 0 , 00 0 g )  for 30 

minutes , and r e suspended i n  1 0  ml of NaCl-Tris-EDTA ( NTE ) buffer 

( Append ix I ) . The same p rocedure was repeated for a second PEG 

p r ec i p i ta t i on ,  only th is  t i me the preparat ion was centri fuged after 

s t i r r i ng for two hours w i thou t stand ing over n i ght . 

c e nt r i fugation , the f i nal pellet was r esuspended i n  5 , 0 ml 
0 

After 

of NTE 

buffer , soni cated 4 x 1 m i nute on i c e  and stored at 4 C .  Sampl es 

wer e  tak en for assay of total protein  concentration by the method of 

L owry et al . ( 1 9 5 1  ) .  

4 . 2 . 2 ELI SA Pr ocedur es 

T he proc edure for th i s  i ndirect ELI SA was based on that of 

Engva l l  and Perlmann ( 1 9 7 1 ) as mod i f i e d  by Voll er et al . ( 1 979 ) .  

T es t s  were p er formed i n  9 6  well plas t i c  m i crop l ates (Nunc- I mmune 

Plate I ,  Cat . No . 23 45 4 , Intermed , Denmark )  usi ng the ant i gen 

prepared as abov e .  Hors erad i sh perox i dase ( HRPO )  was chos en as the 

enzyme label and ortho- phenyl ened i amine ( OPD ) as the sub strat e .  

Colour less OPD c hanged t o  a n  orange/brown reaction p r oduct in  the 

presence of this  enzyme and the colour change was measured as 

absorbance a t  4 90 nm u s i ng a Mi cro- ELISA Reader I I  ( Dyna tech , 

Virg i n i a ,  USA ) . 

The deta i l ed procedures were as follows : 200 �1 of ant i gen or 

control ant i gen di luted i n  b i carbonate buffer ( pH 9 . 6 )  ( Append i x  I )  

were added to app ropriate wells i n  Nunc - Immune Plate s .  These plates 
0 

were i ncubated overnight i n  a humi d chamber at 4 C .  After overnight 
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i ncubat ion ,  plates were emp ti ed b y  rap i d  i nver s i on and v i gorou s 

shak i ng .  Plates were then r i nsed once wi th phosphate buffered 

sal i ne plus 0 . 05 %  T ween- 20 ( PBS-Tween ) ( A p pend ix I )  and emp t i e d  as 

ab ove . Three s equent ial washes were made by usi ng a s emi -au toma t i c  

MINI WASH Washer A s p i rator ( Dynatech , V i r g i n i a ,  U . S . A . ) . Each we ll 

was f i l l ed tw i ce w i th app roximately 300 �1 PBS-Tween and emp ti e d by 

suc t i on , then f i l l ed a th i rd t ime and l e f t  to stand for 3 m i nu t es . 

Plates wer e then emp t i ed by rap i d  i nv er s i on ,  shak en dry , and the 

proc ess repeated t w i ce more . Sera were d i luted in PBS-Tween plus 4 %  

W / V  bov ine serum a lbumin ( App end ix I )  and 2 0 0  �l al i quots added to 
0 

m i croplate well s .  Plates were inc ubated at 37 C for 2 hours before 

the wash procedure was repea ted . The enzyme labeled ant i g l obul i n  

conj ugate d i luted i n  PBS-Tween- 4%BSA wa s added to all wells and then 
0 

the p l ates were aga i n  i ncubated at 37 C for another 2 hours before 

the plates were emp t ied and washed as abov e .  Subst rate solut i on 

( App end ix I )  ( 20 0  �1 per we ll ) was added and the plates were 

i ncubated i n  the dark for 30 m i nutes at  room temp erature . The 

sub strate used was 0 . 0 4 %  W/V OPD and 0 . 0 1 2 % hydrogen peroxi de i n  

phosphate- c i tra te buffer ( pH 5 . 0 )  (Append i x  I )  pr epared f resh 

immed i ately before use . The ab sorbanc e value of each well was then 

measured at a wavel eng th of 490 nm u s i ng the micro-ELISA m i n i reader 

I I . A wel l  that had been i ncubated wi thou t ant i gen , serum and 

conj ugate but conta i n i ng subs trate was i nc l uded i n  each plate as a 

blank . 

4 . 2 . 3  Standard i z at i on of EL I SA 

Chequer-boa r d  t i tra t i ons were per formed to determi ne the 

op t i mum concentrat i ons of s erum , conj ugate and ant i gen f or rou t i ne 

use . 

A .  T i trat i on o f  Serum and Conj ugat e  

Rabb i t  ant i -horse I gG ( whole mol ecul e )  lab el l ed wi th 

horseradi sh p er ox i dase was used as c onj ugate in th i s  s t udy 

( M i l es-Yeda Ltd , Krryat We i zmann , Rehov ot . I srael ) .  This  c onj ugate 

was d i luted wi th PBS-Tween- 4 %  BSA . Pre l i mi nary t i trat i on of th i s  

conj ugate aga i n s t  equ i ne gamma- globu l i n  ( EGG) · i nd i cated that 

. I 
I 
I I 
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d i l u t i ons o f  1 / 4000 1 / 40 , 000 wer e  required in sub se quent 

chequerboard t i tration of s erum v s .  conj uga te ( J ol l y , 1 9 83 ) . 

EHV- 2 ant i gen at 1 / 50  d il u t i on was used for the serum v s .  

conj ugate t i trat ion . F our d i lut i ons of conjugate ( 1 / 40 0 , 1 / 4000 , 

1 / 1 2 , 000 and 1 / 40 , 000 ) and seven doubl i ng d i l utons of serum from 

1 / 50  to  1 / 3200 ·Here t i t ra ted aga i nst v i ral and control ant i gens 

( each at a 1 / 50  d i lu t i on )  and " no ant i gen" ( 200 lJl coa t i ng buffer 

al one in each wel l )  on the same mi croplate . Both serum and 

conj ugate wer e  d iluted i n  PBS-Tween- 4 %BSA . "No se rum" control  we lls 

i ncuba ted wi th P BS-Tween- 4 %  BSA only dur i ng the s erum i ncub a t i on 

s t ep were i ncluded for each conj ugate d i lution aga i n s t  v i ral 

ant i gen , control ant i gen and " no ant i gen" conta i n i ng wel l s .  

B .  De term i na t i on of Opti mum Anti gen C oncentration 

F i ve d i l u t i ons ( 1 / 50 , 1 / 75 , 1 / 1 00 ,  1 / 1 5 0 and 1 / 200 ) of both 

v i ra l  and control anti gens were t i t ra ted aga i nst 4 d i lut i ons ( 1 / 1 00 ,  

1 / 400 , 1 / 1 60 0  and 1 / 6 400 ) o f  a pos i t i v e  referenc e serum and aga i nst 

three d i l u t i ons ( 1 / 1 00 ,  1 / 4 0 0  and 1 / 1 600 ) of a negat i ve serum . " N o  

ant i gen" and " no serum" controls were i ncluded on e ach plate . 

C .  C olour Devel opment 

Optimum sub strate concentration and the time required for the 

substrate reac t i on were adopted from the ELISA test for EHV- 1 

( Jo l ly , 1 9 83 ) . The mi x ture of 0 . 0 4 %  W/V O PD and 0 . 0 1 2 % hydrogen 

p er o x i de i n  phosphate- c i t rate buffer ( pH 5 . 0 )  was pr epared 

imme d i ately b efore use . Th irty minu tes was chosen as the standard 

r eac t i on t i me .  

To stab l i z e  the colou r  devel opment f or read i ng , the reaction 

b et ween the substrate and enzyme used i n  ELI SA may be termi nated 

after a predetermi ned sub s t rate i nc ubat i on per iod by the add i t i on o f  

s t rong ac i d  o r  alkal i .  Sul phur i c  ac i d  ( 2 . 5 mola r )  i s  used for the 

peroxidase/OPD reac t i on i n  the ELISA test ( Mi randa et a l . , 1 977 ; 

Vol l er et al . ,  1 979 ) . I n  th i s  exper i ment , O D  values were measured 

i n  two plates that had the same reagent s .  
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3 . 2 . 4  T i t r a t i on of Test S era 

Forty- two selec ted sera use d  i n  these t i trat i ons were coll ec ted 

from foals aged 5- 1 1  months in d i ff erent d i s t r i c t s  thr oughout N . Z .  

a s  par t o f  a na t i onal s urvey i n  1 98 1 . These sera were assayed for 

EHV- 2 v i rus neutral i zat i on ant i bod i es at the D i agnos t i c  Laboratory , 

N ew York State Col l eg e  o f  Veter i nary Me d i c ine , Cornell , U . S . A .  and 

had serum neutral i sa t i on ( SN )  t i t r es rang i ng from negat i ve to 1 : 1 28 

( A . J .  Rob i nson and D .  L e i n  personal commun i cat i o n ) . Each o f  these 

s era in e i ght tripl i ng d i luti ons from 1 / 50  to 1 / 1 09 , 350 was t i t rated 

aga i nst the opti mum d i l u ti on o f  v i ral ant igen p reparat i o n  and 

aga i ns t  a control . 

4 . 2 . 5  Express i on of the ELISA R esult 

The endp oi nt t i tres determi ned by the method of J olly ( 1 9 8 3 ) 

were used to expr ess the resul ts of the ELI SA test i n  th i s  study . 

The ti tre o f  an i nd i v i dual serum was calcul ated as follows : An 

ELISA spec i f i c  absorbe nce ( ESA ) value was calculated by sub t rac t i ng 

the ab sorbence of the control ant i gen well from that of test an t i gen 

well . L og i t  transforma t i ons of each t i tration  curve ( ESA vesus l og 

r e c i procal serum d i l u t i o n )  were then carr i ed ou t ,  wi th l og i t  values 

cal cul ated as 

where M 

s 

log i t  S = ( S/M- S )  l oge 

max imum ESA for an i nd i v i dual t i tration curve and 

the ESA value f or each subsequent serum d il u t i on on the 

same curve such tha t ( M >S>O . OO )  

L i near regressi ons were then comp i l ed by the method o f  l east 

squares for each set of l og i t  data aga i nst the rec iprocal serum 

d i lution . These regress i on l i nes were us�d to determi ne the end 

point t i tr es of i nd i v i dual s era . An ESA value of 0 . 20 at a 1 / 50 

d ilution was selected as the pos t i ve and negat i ve cu t off point . 

S era wi th an ESA value less than 0 . 2 at a d i l u t i on of 1 / 50 were 

cons i dered negative , and the l owest ELI SA t i tre pos s i b l e  b ecame 

1 /50 . 
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4 . 2 . 6  Compari son of ELISA R esul t s  w i th SN Resu l ts 

and wi th V i rus I so l a t i on 

The resul ts ob ta i ned from th i s  EL I SA t es t we re compar ed w i th 

the SN r esul ts reported from the Amer i can D i agnos t i c  L aboratory and 

also w i t h  the virus i so l at i on conducted in th i s  survey ( for deta i l s  

see chap t er _6 ) . 

4 .  3 Resul ts 

4 .  3 .  1 Anti gen 

The PEG method i nc reased the prot e i n  content of v i ral ant i gen 

by 36 . 6 %  and that of the control anti gen by only 1 2 . 3 % ( tabl e 4 - 1 ) .  

ll . 3 . 2  S t andard izat i on o f  Serum and Conj ugate : 

The re sul ts of the t i trat i on of serum versus conj ugate ar e 

shown i n  t able 4-2 and f i gure 4- 1 .  Non- spec i f i c ab sorb ence occur red 

w i th i nc reasing conj ugate and se rum concent rat i ons ( column No . 4 ,  8 

and 1 2 ) . Thes e reac t i ons were ma i nly due t o  non- spec i f i c  b i nd i ng of 

serum an t i b ody to the plast i c  p l ate ra ther than to non- spec i f i c  

b i nd i ng s  of the conj ugate s i nce all wel l s  i n  r ow A ( no serum) had 

minimal OD values . The concentration of the conj ugate ampl i f i ed the 

effec t  of the non- spec i f i c  b i nd i ng of the s e rum ant i b ody . The ' no 

ant i gen ' wells had r e l at i vely h i gher ab sorbence values compared to 

the cont rol ant i gen wells �nd th is m i ght be attr i bu ted to the 

i nh i b i t i on of non- s p ec if i c  b i nd i ng o f  serum pr.ote i n  by the protein 
i n  the control ant i g e n . There was no reac t i on be tween the v i ral 

ant i gen and the conj ugate s i nc e  the wel l s  in row A showed almost  the 

same ab sorbence val u es at the same d i lu t i o n  of the conj ugate . I n  

add i t i on , the progress i ve decrease i n  ab sor b ence s  wi th i ncrea s i ng 

serum d i l u t ion i nd i ca ted the i r  dependence on serum concentrat i o n .  

D i l utions o f  conj ugate a t  both 1 / l!OO and 1 / l!OOO p roduced the 

h i ghes t  absorbence values aga i ns t  the EHV-2 ant i ge n ,  but a l so 
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r e sul ted i n  h i gh control values . S i nce OD values ov er 1 . 9 l are not 

r e l i ably detec ted by th i s  M i cro-EL I SA Reader I I , a 1 / 1 2 , 000 dilut i on 

o f  conj ugate and e i ght t r ipl i ng d i l u t ions of serum from 1 / 50 to 

1 / 1 0 9 , 3 50 were chosen for the t i trat i on o f  test sera . This ac h i eved 

the most accurate quant i tation of spec i f i c  act i v i ty i n  s era wi th a 

w i de rang e of ant i b ody concentrat i ons . 

4 . 3 . 3  De term i nat ion of Op t i mum Ant i gen Concentrat i on 

Ser i al d i lutions of both EHV- 2 and control ant i gens at 1 /50 , 

1 / 75 , 1 / 1 0 0 ,  1 / 1 50 and 1 / 200 were i ncub ated in a Nunc-Plate and 

t i trated aga i nst three sera at d i lu t i ons of 1 / 1 00 ,  1 / 400 , 1 / 1 600 and 

1 / 6400 . Of these three sera , two were k nown to b e  p os i t i ve by SN 

and the th ird  was a p r esuckl i ng foal ' s  serum ( i e .  pr esumably 

nega t i ve ) . The re sul ts are shown in  f i gures 4 - 2  and 4- 3 .  The 

ab sorbence values for the ant i gen at d i lu t ions of 1 / 75 , 1 / 1 00 and 

1 / 1 50 wer e  s im ilar , bu t a pro- zone phenomenen wa s observed for the 

s trong pos i t i ve serum at the 1 / 50 d i l u t ion of v i ral ant i gen . The 

c ontrol ant i gen produc ed no reac t i on since the OD values for the 

s t rong pos i t i v e ,  med i um posi tive  and nega t i ve s era were the same at 

the same serum d i lution . The 1 / 1 0 0 d il u t i on of b oth anti gens was , 

therefor e ,  chosen for us e in the test for reasons of conven ience and 

economy . 

4 . 3 . 4  Colour Devel opment 

After 30 minutes sub strate reaction t i me ,  50  �l of 2 . 5  M 

�ulphur i c  ac i d  was added to each wel l  on one of the two plate in 

wh i ch the same reagents were i ncorporated . The add i t i o n  o f  th i s  

s topp i ng solution r esul ted i n  an average 4 fold i ncreas e i n  OD 

values . T h i s  OD value was well ab ov e  the max i mum o f  1 . 9 X wh ich 

could be read on the ELISA reader , therefore thi s  add i t i on of ac i d  

as a termi na t i on step was not used i n  th i s  tes t .  S i nc e  the reader 

deals wi th a whole p l ate wi th i n  2 m i nu t es i t  was not cons i dered 

necessary to stop the react ion . 
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4 . 3 . 5  T i trat ion of Test Sera : 

Each of the 4 2  tes t  sera a t  tr i p l i ng d i lutions f r om 1 / 50 to 

1 / 1 09 , 3 50 was t i t rated aga i n s t  the v i ral and control ant i gens at a 

d i l u t i o n  of 1 / 1 00 .  The t i tr at i on curves o f  all sera were s i gmo i dal 

in shap e .  Examp l es of a strongly pos i t i ve serum ( N o . 36 )  and we ak ly 

p os i t i ve serum ( N o . 4 )  ar e shown in  f i gure 4- 4 .  Control ant i gen 

ab sorbe nc es were relat ively h i gher at the l ower serum d i l u t i ons and 

depende d largely on the ti tres of ind i v i dual sera . 

A f ter calculat ion of the t i tres as descr i b ed ab ove , i t  was 

f ound that the goodness of f i t  of l og i t  data i n  l i near regression 

was remarkably h i gh ,  wi th i nd i v i dual l i ne correl at ion coe ff i c i ents 

rang i ng from 0 . 97 1 -0 . 99 9  over all ti tra t i ons . The EL I SA t i t res from 

these 4 2  sera are summar i sed i n  tabl e 4- 3 .  

4 . 3 . 6  C ompar is on o f  ELI SA T i tres wi th SN T i t res : 

The ELI SA t i tres from th i s  study wer e  compar e d  with the SN 

t i tres from the Amer i c an D i agnos t i c  Laboratory ( t ab l e  4- 3 ) . The 

only negative serum by SN wh ich became pos i t i ve by ELISA was serum 

N o . 4 2 .  Wi th all other s era , t i tr es g i ven by the ELISA test were 

ab ou t 300 - 5000 t i mes h i gher than those from SNT , w i th most being 

i ncreased approx imately 1 500 t i mes . The d i s t r i b u t i on of l og SNT 

vesus log EL I SA t i tres i s  shown i n  F i gure 4-5 and his tograms 

showing the frequency d i s tr i but ions of l og titres from b o th as says 

are dep icted in fi gure 4 - 6 . An 8 1 . 5 %  correlat ion was ach i eved 

b etween the ELI SA t i tr e s  rec orded i n  th is study and the SNT t i tres 

from t he Amer ican Laborator y . 

When th is EL I SA test was app l i e d  for detection of ant ibod ies in 

sera col l ec ted for th is inves t igat ion,  � �  detected r i s es in ant ibody 

t i tres in 1 3/ 1 4  cases where isolation of EHV-2 was also ach ieved at 

this or 

in the 

at the subsequent sampl ing . 

other foa·l was demons trated 

The i ncrease of ant ibody l evel 

2 months after the first  

i solat ion of  t he v i rus . All the pr esuc k l i ng s era were negative by 

th i s  ELI SA test ( for details see chap ter 6 ) .  
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4 . 4  D i scuss i o n  

The ELI SA t e s t  adop ted here f o r  the detection of ant i bod ies 

aga i ns t  EHV-2 i n  horse sera p r oved t o  be h i ghly sensi t i ve and 

spec i f i c  comp ared with the serum neu tra l i z ation test and could 

therefore be used as a tool f or s eroep i demiology and serod i agnos i s  

of EHV- 2 infec tions . 

The h i ghly  sens i t i v e  nature o f  the test was re fl ec ted i n  the 

average 1 50 0  t i mes i ncrease in the ant ib ody t i t r es recorded in th i s  

EL I SA test ov er those i n  the SN test , wh i ch i s  i n  ag reement w i th 

o ther ELI SA sys tems . Bolton et a l . ( 1 9 8 1 ) found the i r  standard 

ELISA test for I BR to be 1 0 0 - 1 0 00 t i mes more sens i t i ve than the SN 

test . The t i tres ob ta i ne d  in the EL I SA f or EHV- 1 were 1 00 - 1 00 , 000 

t i mes greater than thos e i n  an SN test (Jol ly , 1 983 ) . 

Serum neu tral i z at i on ant i b ody has trad i t iona lly been regarded 

as the i nd i cator of exposure to v i rus and res i s tance t o  i nfec t i on 

( Bolton et a l . ,  1 9 8 1 ) .  The SN test de tec ts ant i b od i es spec i f i c  to 

v i ral components i nv olved . i n  the b i nd ing of v irus to cells . The 

i ncreased sens i t i v i ty of ELISA ov er SNT may i nd i cate that the ELISA 

test detec ts not only the neu tr a l i z i ng ant i b od y  bu t also ant i b od ies 

i nduced by o ther v i ral components . 

Th is ELI SA system also appeared to be spec if i c  for the 

detec t ion of ant ib od i es aga i ns t  EHV- 2 . All the posi t i ve sera 

measured by the SN test i n  the USA wer e also pos i t i ve in the ELI SA 

t es t  performed i n  N ew Zealand . A correlation of 8 1 . 5 % i n  t i tres 

between the EL I SA test and the SN test was ob ta ined i n  the se 4 2  test 

s era even though these two tests were performed i n  separate 

lab orator i e s  using d if ferent EHV- 2 i solates as ant i gens . These sera 

were also used for s t andard i z a t i on of the ELISA sys tem f or EHV- 1 , 

and i n  th i s  case the correlat i on b etween the ELI SA test and the SN 

r esul ts r eported from the Amer i c an D i agnos t i c  Laboratory was 6 2 . 5 % , 

and 7 1 . 9 %  between the ELI SA and the SN when b�th were done i n  th i s  

laboratory u s i ng the same ant i gen ( Jolly , 1 983) . 
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I n  add i t i on , th i s  test detec ted an i ncrease i n  ant i b ody t i t res 

aga ins t  EHV- 2 i n  1 3  ou t of 1 4  �n i mals foll owi ng infec t i on w i th tb i s  

v i rus . The other foal d i d  not show the i ncr ease unt i l  two mon ths 

after the f i rst v ir u s  isolat i o n  wa s made . However , th i s  animal had 

the highest maternally  der i ved ant i body t i tres among these f oals  

being samp l e d .  It  may be  that th i s  h igh l evel of pas s i vely  aqu ired 

ant ibody i n terfered w i th th i s  foal ' s  ab i l i ty to mount i ts own 

humoral response to EH V-2 . 

The p u r i ty of the v irus ant i gens u sed i n  EL I SA tests  var i es 

( Voller and B i dwell , 1 976 ; G i l man and Docherty , 1 9 7 7 ; Denoyel et 

al . ,  1 9 80 ) , but it i s  general ly bel i eved that h i ghly pur i f i e d  

ant i gen i s  preferred ( Bol ton et  al . ,  1 9 8 1 ; Ab raham et al . , 1 9 8 4 ) .  

An unpu r i f i ed ant i gen p roduces h i g her non- s pec if i c  rea c t i on due to 

compet i t i o n  for b i nd i ng s i tes from contam ina t i ng macromol ecul es 

(Herrmann et al . ,  1 9 7 9 )  and a non- pur i f i ed ant igen prepar a t i on also 

needs more anti gen and the i n c l u si on o f  a ' control cell ant i gen ' 

( E ngval l , 1 9 7 7 ;  Denoyel et al . ,  1 9 80 ) . H owever , preparat ion of a 

highly pu r i f i ed ant i gen i s  t i m e  consumi ng and ne eds more v i ral 

growth . Fur thermor e ,  only a sma l l  propor t i on of total i nfec t i ous 

v irus is recovered in the f i na l  pur i f i ed ant igen p repar a t i o n ,  with 

mos t be i ng lost i n  the pur i f i ca t i on procedure (Bolton et  a l  . ,  1 98 1 ; 

Jolly , 1 9 83 ) . The l ater au thor compared a highly pur i f ied EHV- 1 

ant i gen w i th a crude infec ted ce ll cul ture extrac t conc e ntra ted by 

PEG prec i p i tat ion and found that there was li ttle d i ff erence i n  

per formen c e  between these two p repara t i ons . I n  th i s  study for 

EHV-2 , the crude cul ture extrac t was also found to be a su i t able  

ELI SA an t i gen and had the advantage that a h i gh y i el d  o f  v irus  c ou l d  

be produce d  wi th relat ive ease . 

The maj o r i t y  o f  background ab sorbenc e s  i n  the ELI SA system were 

attr i bu ted to the non- sp ec i f i c  b i nd i ng of s e rum i mmunogl obul i ns to 

the plat e s . Th i s  i s  i n  contrast to f ind i ng s  in other ELI SA systems 

in wh i ch h i gh concentrat i ons of u ni nfec t ed control ant i gen caused 

high bac k g round ab sorbances ( Gi l man and Docher ty , 1 97 7 ; Bolton et 

al . ,  1 98 1 ) .  In fac t ,  the ant i gen p repar ed in th i s  s tudy was f ou nd 

to have a sl i ght i nhib i tory e f f ec t  on th i s  non- spec i f i c  reac t i on , 

and thi s  i s  i n  agreement wi th a r eport for EHV-1 (Jol l y , 1 9 83 ) .  
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D e  Sav i ng ny and Vol l er ( 1 980 ) rev i ewed the commun i ca t i on of 

EL I SA resul ts from the l ab or atory to the cl i n i c i an and they 

conc l uded that no s i ngle me thod has been found to sat i sfy the i deal 

requir ements for EL I SA serolog i cal rep orts . I n  th i s  s tudy , the 

t i t rat i on me thod was chosen to express relat i v e an t ib ody ac t i v i t i es 

as these ant i b ody ac t i v i t i es can b e  compared between sera from 

d i ff er ent hors es and s era from the same horse taken at d i fferent 

t imes . In oth er ti tra t i on method s f or EL ISA , the ti tres were 

cal culated e i ther as s ignal / no i s e  rat i o  ( Saunders et al . ,  1 977 ; 

Bol ton et al . ,  1 9 8 1 ) or from ESA upon the h ighest serum d il u t i on 

( Gi lman and Docher ty , 1 9 77 ) and there fore the resul t s  are not on a 

con t i nuous sca l e . I n  the ELI SA sys tem for EHV- 1 , Jolly ( 1 9 83 ) 

dev e l oped the method of calcul at i ng the ELI SA t i tres f rom the 

i n terpol a t i on on a l i near trans format ion of i nd i v i dual serum 

t i t r a t i on curv es 

detec t i on of 

and th i s  gi ves 

relat i ve antib ody 

there fore adop ted here for EHV- 2 .  

the most 

ac t i v i t i es . 

tr uly 

Th i s  

quant i t a  t i  ve 

me thod was 

The se tti ng of the " cut off " between p os i t i ve and negat i ve is a 

cr uc i al element i n  ev ery assay for spec i f i c ant ibody act i v i ty . I n  

the ELISA system , i t  i s  u sua l to set the mi nimum p os i t i ve response 

value at two or three t i mes the mean ne gat i ve group , or at the mean 

neg a t i ve value plus two ( or thre e )  standard dev i at i ons of the mean 

i f  more reference sera are tes ted . However , a mor e  s t at i s t ically  

val i d  method i s  to  determine the upp er l i mi t  o f  norma l by se t t i ng 

th i s  at the 97 . 5 th or 1 00 th percent i l e  ( de Sav i g ny and Voller , 

1 9 80 ) .  All  the se methods requ ire a numb er of k nown negat i ve ser a .  

Unfor tunately , most horses become i nf ec ted wi th EHV-2 ear ly i n  the i r  

l i f e . Of those sera ( 67 )  sent t o  Amer i ca , the only one negat i ve i n  

SN became pos i t i ve i n  the ELISA . Thus i n  th i s  s tudy , the s e t t i ng of 

ESA at 0 . 2  as the p os i t i ve/neg a t i ve " cu t  off" p oint was somewhat 

arb i trary . Neverthel ess , th is "cut off" point has been used by many 

authors for calculat i ng ELI SA t i tres ( Gi lman and Doc herty , 1 977 ; 

J o l l y , 1 9 8 3 )  so i ts use here was consi dered val i d .  



Table 4- 1 Prote in conten t o f  viral and control antigens 

before and a fte r PEG proces sing 

Antigen Be fore PEG Afte r PEG %Increase 

EHV-2 8 . 2  g/1 1 1  .2  g/1 36 . 6  

Control 7 .  3 g/1 8 . 2  g/1 12 . 3  

52  



Table 4-2 Se rum-conjugate chequerboa rd titration : microplate we ll absorbence at 4 9 0  nm 

No antigen 
con ju�ate d i lu tion 

i ral ant igen Control antigen 

1 / 4 0000 1 / 1 2000 1 / 4000 1 / 400 1 / 40000 1 / 1 2000 1 / 4000 1 / 4 00 1 / 40000 1 / 1 2000 1 / 4000 

No serum Blank 0 . 02 0 . 04 0 . 08 0 . 0 0 0 . 0 0  0 . 0 3  0 . 08 o . o o  0 . 0 1  0 . 0 3  

1 / 50 0 . 06 0 . 1 9  0 . 32 0 . 60 0 . 2 8  0 . 95 1 . 57 2 . 2 6  0 . 0 5  o .  1 1  0 . 1 8  

Serum 
1 / 1 0 0  0 . 04 0 . 1 0  0 . 1 6  0 . 36 0 . 26 0 . 77 1 . 33 2 . 1 4  0 . 0 2 0 . 06 0 . 1 1  

dilution 
1 / 200 0 . 02 0 . 04 0 . 1 0  0 . 2 3 0 . 22 0 . 7 6  1 . 20  1 . 9 9 0 . 0 1  0 . 0 4 0 . 08 

1 / 400 0 . 0 1  0 . 02 0 . 04 o .  1 2  0 . 2 1  0 . 58 1 .  09 1 . 73 0 . 0 1 0 . 0 3 0 . 05 

1 / 800 0 . 00 0 . 0 1  0 . 0 3  0 . 1 0  0 . 20 0 . 4 6  0 . 84 1 . 5 1  o . o o o .  00 0 . 0 3  

1 / 1 6 00 o . oo 0 . 00 0 . 02 0 . 06 0 . 08 0 . 32 0 . 57 0 . 9 9  0 . 00 0 . 00 0 . 0 1 

1 / 3200 o . oo 0 . 00 0 . 0 1  0 . 0 4 0 . 06 0 . 24 0 . 3 4  0 . 8 1  o . o o  0 . 0 0  o . o o 
Column 1 2 3 4 5 6 1 8 9 1 0  1 1  

1 / 400 

0 . 1 0  

0 . 58 

0 . 3 3  

0 . 25 

0 . 1 0  

0 . 0 5 

0 . 0 3  

0 . 0 1  

1 2  

Row 

A 

B 

c 

D 

E 

F 

G 

H 

VI w 
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Table 4-3 Antibod y titres to EHV- 2 in equine sera 
measured by a se rum neutralization ( SN )  
test and by a n  ELI SA test 

Antibody titres 
Serum No . SNT ( U SA) ELI SA ( N Z )  

1 1 6  5 3802 
2 32 61 6 60 
3 4 61 80 
4 3 1 5224 
5 32 9 9 4 4 9  
6 4 6861  
1 1 2  9423 
8 1 6  4 1 28 
9 1 2  1 62 2 9  

1 0  6 4 493 
1 1  3 2724 
1 2  8 8 1 1 7  
1 3  8 8 1 68 
1 4  1 2  14 1 1 8 
1 5  48 40635 
1 6  8 1082 1 
1 7  8 7640 
1 8  8 9279 
1 9  24 22206 
20 8 8892 
2 1  24 23283 
22 1 6  9707 
2 3  8 29792 
24  6 2 3 1 9 
25 2 3864 
26 8 . 3069 
27 6 407 4  
28  3 4820 
2 9  6 1 70 3  
3 0  1 2  6952 
3 1  8 680 1  
32 6 1 709 
3 3  48 1 37943  
34 6 4  72879 
35 32 1 38995 
36  1 2 8  2 3 0 1 4 4 
37 1 2 8  1 00000 
38 4 2239 
3 9  2 80 1 2  
40 6 3604 
4 1  3 6357 
4 2  0 6578 
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FIGURE 4 - 1 .  Comparis on o f  ELI SA activit ies at dif ferent 

dilut ions o f  serum and coj ugate against 

EHV-2 viral ant igen , control ant igen , and 

a "no ant i gen" control . 
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F IGURE 4 - 4 .  Representat ive examp l e s  o f  s e rum t i t ra t ion 

curve s again s t  EHV - 2  an t igen '------·) and 

c on t ro l  an t i gen (· - - - -
·

) . 
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C hapter 5 

EQUINE HE RPESVI RUS TYPE 1 

5 . 1  I nt roduc ti on 

I n  the U . S . A . , EHV- 1 s ub t ypes 1 and 2 have been i nvolved i n  

r es p i r atory di sease of hors es ( All en et al . ,  1 9 8 3 ) , whil e  i n  

Aus t r al ia ( S tuddert and Blackney , 1 97 9 )  and the U ni t ed K i ngdom 

( Mumf or d and Bat es , 1 98 4 ) , s ub type 2 has been mai nl y res pons i bl e  f or 

cas es of upper r es piratory d i s ease ( UR D ) .  Both of the subty p es have 

been i dent i f i ed as be i ng present i n  N ew Zeal and (Hor ner et al . ,  

1 9 76 ; Studdert et al . ,  1 9 8 4 ) , but their  rol e i n  r es p i rator y  di sease 

of horses i n  thi s country i s  not cl ear . The s ubtype strai n was 

i sol ated from aborted f etuses (Hutton and D urham , 1 9 7 7 )  and subtype 

2 was recovered f rom f oal s wi th reipiratory di seas e (Hor ner et al . ,  

1 97 6 ; Horn er , 1 9 81 ) . 

An  inac ti vated va cc i ne 

A rm y- 1 8 3 ,  a subtype- 1 vi rus 

(pneumabort- k )  deri ved from the 

has been cl ai med t o  i nduce suf f i c i ent 

imm un i ty to prevent abor t i on i n  mares ( Bryans 1 97 8 ;  1 98 0 ; Moore 

and Koonse , 1 97 9 ) . H owev er , i n  N ew Zeal and , abor ti ons associ ated 

wi t h  EHV- 1 have onl y been r e por ted i n  1 97 6  and 1 97 7  ( Huttcn and 

D urham ,  1 9 7 ; J olly , 1 9 8 3 ) , whi l e  r espi ratory di seas e  i n  young 

hor s es caused by thi s virus i s  very common ( J oll y ,  1 98 3 ) . Even 

t hough the s train of EHV- 1 causi ng URD was not known , Pneumabort- K  

has been recomm ended f or use si nce 1 98 1  on t he s t u d  be i ng 

i nvesti gated . S i nce no s ystemati c wor k has been car r i e d  out to 

eval uate the eff i cacy of the vacc i ne on thi s proper t y , thi s s ur vey 

was undertaken to es tabl i"s h :  

1 .  The respons e  of mar es to the vac c i ne and sub sequent 

tr a nsf err ence of maternal anti body agai ns t  EHV- 1 to the i r  foal s . 

2 .  The durat i on of passi vel y  acqu i red ant i body i n  the f oals 

and i ts eff e c t  on the r es ponse of  the f oals t o  the. vacci nati on . 
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3 .  T he r espons e of vacci nated f oal s t o ,  and the prot e c t i on 

aff orded by the vacc i ne when natur al i nf ec t i on occur s . 

4 .  T he stra i n  of EHV- 1 ass o c i ated wi th r es p i r atory d i sease . 

5 .  T he rel ati onship between EHV- 1 i nf ec t i on and respi ratory 

di sease i n  these foal s . 

5 . 2  Ma t er i al s  and Methods 

P neumabor t- K ( Fort Dodge L aboratori es , Fort Dodge , I owa ) , was 

suppl i ed by Jones and Hoskyns L td ,  R oll eston , N ew Zeal and . 

S i xt een mar es and the i r  f oal s wer e sel ected f or this study . 

Thes e m ar es were i noc ul ated wi th the vac c i ne at thr ee months and 

aga i n  at one month befor e  par t ur i ti on ,  and the i r  f oal s wer e 

immuni zed when they wer e 30 and 6 0  days of age . 

N asal swabs f or v i rus i sol at i on and bl ood f or serology wer e 

taken f r om  all the mar es bef ore  foal i ng and at monthl y i nter vals 

af ter f oal i ng .  Wher ever poss i bl e  the f oals  wer e bl ed befor e  and 

af ter the consump t i on of col os t r um ,  and then every month after that 

f or a per i od of ten months . The m ares wer e not sampl ed beyond the 

time of weaning . T hese animals were also obs erved f or si gns of 

res p i rator y d i seas e at each v i s i t and by the veteri nar i ans attendi ng 

thi s stud dur i ng the i nterveni ng p eri ods . 

Extracts f rom the nasal swab s  f rom these ani mals wer e passaged 

on RK- 1 3  cells to detect v i ruses , and the i r  ser a  were t es t e d  f or 

ant i bodi es aga i ns t  EHV- 1 by an i nd i rect ELISA tes t devel oped by 

J olly ( 1 9 8 3 ) . The deta i l e d  E L I SA procedure for EHV- 1 w as the same 

as that f or EHV-2 descr i bed in  chapter f our . The v i ru s  use d as 

anti gen was also grown on RK- 1 3 cel ls and t r e ated by t he 

polye thyl ene gl ycol ( PEG ) prec i pi t at i on m et ho d  ( see cha p t er 4 ) . 

T he procedur es of coll ecti ng and proces si ng t hese bl ood and 

nasal sampl es are g i ven i n  chapter thr ee . 
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5 . 3  R esul ts 

5 . 3 . 1 Pass i ve I mmuni ty 

Tabl e A- 1 and A-2 ( Appendi x I I ) l i s t  the ant i body t i tres to 

EHV- 1 i n  these f oal s and mares as meas ured by the EL ISA t es t  agai nst 

an EHV- 1 . s ub t ype v i ral ant i gen . The f ew presuc kl i ng sera 

c oll ected were all negati ve f or ant i body t o  EHV- 1 . The ava i l abl e 

f oal s sera obtai ned soon after cons umpt i on of col os trum had ant i body 
0 . 2 4 

l evels simi l ar ( < l og 1 0  dif f er ence ) to those of corres pond i ng 

m ares ( table 5 - 1 ) .  

All the ot her f oals wh i ch were not ava il abl e immed i at e l y  af ter 

t hey had i ngested col ostrum al so had s erum anti body l e vels agai ns t  
0 . 32 

E HV- 1 simi l ar t o  thos e of their dams ( < l og 1 0 di ffer ence ) at one 

month of age ( tabl e 5- 2 ) . 

5 . 3 . 2  R esponse t o  Vacc i nation i n  Thorou ghbr eds 

A .  R esponse of M ar es to Vacci nat i on 

The f i rs t  serum sampl es from mos t of the mar es wer e  col l ected 

i n  ei ther Augus t or September on the s ame day as they were recei v i ng 

the i r  second i nj ecti on of vacc i ne . 

t i tres at t he f i rst col l e c t i on 
3 . 7±0 . 4  

M os t  of them ha d very h i gh 

( geometri c mean t i t r es of 

l og 1 0  ) ( tabl e A-2 ) . The second col l ec t i on f rom mos t of these  

m ar es was not taken unt i l  2- 3 months l ater . Four mares ( N o . 2 ,  4 ,  

� .  1 0 ) showed a r i s e  i n  anti body t i tre  ( mean 2 . 7 1 f ol d  i ncre as e ) i n  

t he i r  second s erum sampl es whi ch wer e coll ected somewhat after the 

s e cond dose of vacc i ne .  The se cond s er um sam pl es of all the other 

mares had ver y  s i mi l ar anti body l evels  to the i r  f i rs t  serum sampl es . 

All the m ar es mai ntai ned hi gh l ev el s .  of ant i body t o  EHV- 1 up to 

the time of weani ng ( tabl e A-2 , f i gur e 5- 1 ) .  

B .  R esponse of Foal s to Vaccinati on 

As shown i n  f i gu r e  5 - 1 , the f oal s wer e vaccinated at  one and 



6 4  

two months of age . However , there was no ser ol og i cal ev i dence t o  

suggest that there w as a r esponse t o  the vaccine i n  these foql s , 

si nce no ri se i n  ant i body t i tre to EHV- 1 was de tected i n  the s e r a  

col l e cted a t  two and three months of age ( table A- 1 , f i gur e  5- 1 ) .  

5 . 3 . 3  Evi dence of I nf ecti on wi th EHV- 1 

A .  EHV- 1 I nf ecti on i n  Foal s 

F i gure 5- 1 shows the sequenti al ELISA ant i body ti tres of the 1 6  

f oal s f or the f i rs t  ten months of the i r  l i f e .  T he maternal l y  

acqu i r e d  anti body t i tres res ul ti ng f rom the consumpt i on of col os trum 

f ell s t eadily , reaching the l owest poi nt at  3 - 4  mo nths of age , and 

wer e  soon repl aced by ant i body produced as a resul t of natural 

i nf e c t i on . The anti body l evels usual l y  r os e  aga i n  by 4 -5 months of 

age . S i nce thi s ri s e  i n  anti body ti tres d i d  no t occ ur unt i l  2- 3 

months after the s econd dose of vaccinati on , thi s was consi dered to 

be due t o  natural i nf ecti on of the f oal s wi th EHV- 1 rather than to 

the vacc i nation . 

A s  showed i n  t abl e A - 1 , two out of the 1 6  f oals d i ed o f  

r es p i r atory di sease at about 2 months o f  a ge .  A t  thi s stage ther e 

was no serol ogi cal ev i dence sugges ti ng i nf ec t i on wi th EHV- 1 ,  and the 

vi rus was not i s ol ated from these ani mal s .  Among the other 1 4  

subj ects , 1 2  ( 85 % )  cont racted EHV- 1 i nf ec t i on betwe en the 4 th and 

9 th month , wi th hal f ( 6 )  being i nfected at the 5 th month of age 

ar ound the time of weani ng .  Thr ee of the s e  1 2  ( 25 % )  animals s howed 

f ur ther s erol ogi cal evi dence of i nfection b etween 8 - 1 0 months of 

age . 

T he ti me when i nf ec t i o n  of the f oals wi th EHV- 1 occurred s eemed 

to depend l ar gel y on their  pr e- i nf ection ant i body ti tr es . M os t  of 

the f oal s had ant i body t i tres 

maternal l y  deri ved anti body l evel s 

or became negati ve ( tabl e A- 1 ) .  

to EHV- 1 whi ch rose after the 
3 2 . 5±0 . 4  

f el l  b el ow l og 1 0 ( l og1 0 ) 

The three animal s whi ch be c ame 

r e i nf ected also showed thi s trend si nce two ha d ant i body ti tres o f  
3 

about l og 1 0  whi l e the other one was nega t i ve .  
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N ear l y  hal f  uf the f oal s became i nf ec t ed f or the f i r s t  t i me i n  

F e bruary and sporadi c c as es occurred thereafter . I n  J une and J ul y  

another peak was obser ved , three cas es occurri ng i n  each mont h .  

Among the three rei nf e c t i ons one occurr ed i n  May and the other two 

i n  Jul y . 

All the i ni ti al i ncr eases i n  ant i body t i tres wer e at l eas t f our 

f ol d  ( 8 . 4 4 ± 3 . 25 wi th one f oal ( N o .  1 3 ) hav i ng a 4 6 . 9  f ol d  
3 

i ncrease and two ( N o . 7 and 1 0 )  r ose f r om negati ve to l og 1 0 and 
4 . 2  

l og 1 0 r es pecti vel y .  O f  the thr e e  r e i nf ected f oal s , two ( N o .  9 

and 1 1 )  s howed an i ncrease i n  anti body ti tre of only � - 1  and 3 . 6  

f ol d  wi th a thi rd ( N o .  1 4 ) goi ng from nega ti ve to l og 1 0 at this 

t i me . 

No EHV- 1 v i rus · was i sol ated f roms nasal swabs dur i ng the 

i nves ti gat i on period despi te the obvi ous ser ol ogi cal r esponse of 

these f oal s as de tected by the ELISA tes t . 

B .  EHV- 1 I nf e c t ion i n  Mar es 

Ther e was ne i ther serol og i cal nor v i rol og i cal ev i dence to 

s uggest that i nf ec tion wi th EHV- 1 was occ urri ng in the mar es ( tabl e 

A - 2 , f i gur e 5- 1 ) .  The f our i ncr eases i n  ti tres ( mar e N o .  2 ,  4 ,  8 ,  

1 1 )  occurred i n  O c tober and N ovember and were most l i kely due to 

vacc i nati on ( s ee above ) .  D ur i ng the per i od of sampl i ng these m ar es 

mai ntai ned reasonabl y hi gh l evels of �ntibody . 

� . E ff ect of Maternal l y  D er i ved A nt i body on res ponse to V acc i nat i on 

and the O ccurr ence of EHV- 1 I nf ecti on i n  T horoughbred F oals 

Among the si x 

maternal antibody 

ani mal s whi ch contrac ted i nf ec t i on ,  
2 . 9 

t i t r es aga i ns t  EHV- 1 vari ed from 1 0  

i ni t i al 
,3 . 9  

to  1 0  

T wo other f oal s ( N o . 
3 - 7  

1 2  and 1 3 )  wi th h i gh mat ernal ant i body ti tres 
3 - 97 

l og1 0 and l og 1 0  only become i nf ected l at er ( at 7 month of 

age) . T he two foal s ( N o .  5 and 1 5 )  whi ch di d not becom e  i nf ected 

dur i ng the i nves t i gat i on per i od had i ni t i al mat ernal ant i body l evels 
3 . 5  3 . 2  

of only about l og 1 0 and l og 1 0 , r es pe c t i v el y . 
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5 . 3 . 4  R el a ti onshi p between EHV - 1 I nf e c t i on and R es p i r at ory Di sease 

S er ologi cal evi dence i ndi cated that most of thes e f oals becam e  

i nf ec t e d  wi th EHV- 1 around wean i ng t i m e . From F ebruary to May mos t 

f oal s on thi s property devel oped a very m i l d  r es p i r atory di sease . 

T he mai n cl i ni cal si gns observed wer e a prof use m uco- pur ul ent nasal 

d i s char ge and a sl i ght el evat i on of body t emperat ur e . Most of these 

f oal s wer e untreated and recovered i n  5-7 day s . The severely 

aff e c t ed foal s  were succesf ul l y  tre ated wi th t etrac ycl i ne and 

el ec t rol yte soluti on f or 3 day s . O ther f oal s on th i s  s tud wh i ch 

were not i ncl uded 

ar ound weani ng t i me .  

i ndi vi d ual animals 

in this s urvey also devel oped thi s condi t i on 

Unfor t un ately , no detail ed record was kept of 

so that the rel ati onshi p  between the cl i ni cal 

serol og i cal res ponse to EHV- 1 coul d no t be reac t i on and the 

prec i s ely determi ned . 

5 . 4  D i s cuss i on 

N one of the ava ilabl e sera whi ch were col l ec t ed befor e  the 

i nges t i on of col os trum showed any evi dence of anti body to EHV- 1 . 

Sera f rom all the f oal s sampl ed af ter s uc kl i ng had anti body l evel s 
0 . 2 3  

aga i ns t  EHV- 1 s i mi l ar to the i r  dams ( l og 1 0  d i f f er ence ) .  Th i s  i s  

i n  agreement wi th the f i nd i ngs of other wor kers ( J effcot t , 1 972 ; 

T hom son , 1 97 8 ; N eel y and Haw k i ns , 1 97 8 ) that i n  the horse maternal 

anti body can not cross the p l acenta so that the s ol e  protec tion for 

f oal s aga i ns t  i nf ect i on i s  off erred by col os t ral ant i body . 

F ur thermore , none of these foals af t er sucki ng had hi gher EL ISA 

ti tres than the i r  dams , and thi s  i s  i n  agr e em en t  wi th the 

reports of D ol l  and Br yans ( 1 9 63b ) and T homson ( 1 97 8 ) . 

T he mater nal ant i body t i tres i n  these  f oal s de cl ined s t eadi l y  

f or 3 t o  4 months af t er consumption of col os trum , and then were 

repl aced by ac t i vely pr oduce d  ant i body t i tres p res umbl y s t i m ul at ed 

by natural i nf e c ti on wi t h  EHV- 1 . T hi s se quence of changes i n  

ant i body t i tres to EHV- 1 has al so been r eported by T homson ( 1 97 8 ) . 

Mat ernal l y  derived ant i body on one hand prov i d es prote c t i on to 
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t he young a gai nst i nfectious d i s e as es , but may al s o  i nt erfere wi th 

the devel opment of act i ve i mmun i t y .  The l at t er eff ec t  has been well 

documented i n  d i ff erent speci es of animal s  wi th a var i ety of agents 

( Seamer and Snape , 1 97 2 ; Brar et  al . ,  1 978 ) . D ol l  and Bryans 

( 1 963b4 obs erved that f oals wi th maternal SN titr es agai ns t EHV- 1 of 

l og - 1 0  or over , f ai l ed to r es pond to vacc i nati on wi th a 

hams t er- adapted l i ve EHV- 1 vacc i ne .  H owever , after vac c i nation of 

f oal s aged e i ther up to 3 wee ks or 3 to 4 months of age wi th a l i ve 

attenuated EHV- 1 vac c i ne ,  Frymus ( 1 980 ) found both age groups showed 

i ncreases i n  SN and CF ant i body t i tres . The younger group devel oped 

hi gher CF anti body ti tres than di d the ol der group d es p i t e  the 

l atter gr oup hav i ng a wani ng i mmuni t y  to EHV- 1 .  The author ass umed 

that moderate ti tres of mater nal ant i body l evel s  i nc r eas ed the 

humoral r es ponse of the foal s i mm uni zed up to 3 wee ks of age . 

R ecent l y , M umford and Bat es ( 1 98 4 ) vac c i nated a group o f  8 to  1 2  

months ol d poni es wi th a k i l l ed vacc i ne ( Pneumabor t- K )  and f ound 

that all the an imal s  responded serol og i cal ly . These an imals all had 
1 . 0 

l ow prevacc i nal ti t r es of both S N  and CF ant i bod i es ( < l og 1 0  ) .  

I n  the p r es ent study , two doses of vacc i ne adm i ni s t rated 

i nt ramuscul ar ly at 30 and 60 days of age , res pec t i vel y ,  d i d  no t 

i nduce any humoral r esponse as detected by the EL ISA t es t . Foals at 

these s tages had geomet ri c m ean ELISA anti body t i tres of l og 
3 . 4  3 . 1 

1 0  and l og 1 0  r es pect i vel y . Few f i rm concl usi ons can be dr awn 

as to what extent maternal anti body i nhi bi ts the produc t i on of 

acti ve ant i bod i es , bu t this i nt er f er ence seems to be the m os t l i kely  

expl anati on in  thi s case . A ge and i mmunocom petence di d not  seem to 

be impor t ant s i nce thes e f oal s wer e capabl e of res pond i ng 

serol ogi cal l y  to EHV- 2 i nf e c t i on at  thi s time (see chapt er 5 ) . 

F rom t he f i nd i ng s  repor ted above , vacc i nati on of f oa l s  at 30 

and 60 days of age as car r i e d  out i n  thi s study woul d appear to have 

l i tt l e. or no val ue due to the i nt er f erence of the h i gh l evels of 

maternal l y  deri ved anti body . I f  t he i r  mares are vac c i nated bef or e 

part ur i t i on ,  the f ol l owi ng vacc i na t i on protncol wi th EHV- 1 vac c i ne 

coul d be reccommended .  Foals sho ul d  recei ve thei r  f i rs t  dose of 

vacc i ne ar ound 80 to 90 days of age when the i r  mater nal ant i body has 

decl i ned to bel ow i nhi bi tory l ev el s . I n  thi s  study , the mean t i tr es 
2 . 8  

of anti body of the foals at 9 0  days of age was onl y l og 1 0 , and 
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3 . 0  
l og 1 0  appear ed to be the approximate thr esho l d  of i nh i b i t i on .  

Doll  and Br yans ( 1 9 6 3b ) also observed that onl y  1 3 % of foals under 

80 days old res ponded serol og i cally to vacc i ne compar ed to 80 % of 

foals over 80 days di d so . The second dose shoul d then be g i ven 

pref er abl y 2 to  3 weeks l ater . I n  order to i nduce s uff i c i ent 

immuni ty in f oal s around weani ng time , they shoul d be i nj e cted  f or 

the thi rd t i m e  two weeks befor e  wean i ng , whi ch shoul d prot e ct them 

f r om EHV- 1 i nf e c t i on and/ or res p i rator y  dis ease duri ng the weani ng 

per i od .  S i nce i mmun i t y  to EHV- 1 is shor t- l i ve d ,  only l as t i ng f or 

about 3 to 4 months ( D ol l  and Br yans , 1 9 6 3b ) , and r e i nf e c t i on wi th 

EHV- 1 of f oal s commonl y occurs in the i r  f i rs t  year of l i f e ,  ano ther 

dose of vacci ne , theref ore , shoul d  be g i ven at around one ye ar of 

age . Thi s shoul d then prot ect f oals whe n  they ar e br ought toge ther 

f or yearl i ng s al es . 

Al though these  f oals i nges ted h i gh l evel s of mater nal ant i body 

from the i r  vac c i nated mar es , thi s pas s i ve immuni ty di d not l as t  any 

l onger than tha t repor ted i n  other f oal s i n  whi ch the dams had not 

been i mmuni zed bef ore parturi tion ( Doll and Bryans , 1 9 63b ; T homson , 

1 97 8 ) . I n  the USA , outbreaks of r h i nopneumoni t i s  i n  f oal s wer e 

reported as occurri ng i n  the autumn and wi nter when they were 

brought toge ther in confi ned quar t er s  ( D oll and Bryans , 1 96 3 a ) . 

T homson ( 1 97 8 )  al so reported that pas s i ve imm uni ty waned ar ound 

weani ng t i me and thi s was when f oa l s  cont racted i nf ec t i on wi th 

EHV- 1 ; he al s o  reported that one foal w i th no maternal ant i body to 

EHV- 1 , as meas ur ed by the SN tes t ,  became i nf ec t e d  wi th the v i r us at 

two weeks of a ge . I n  thi s sur vey , most of the f oals wer e i nf ected 

wi th EHV- 1 i n  F ebruar y to May ( autumn and wi nt er in the southern 

hemispher e )  at t he time when the maternal anti body i n  foals decl i ned 
3 

t o  l ow and pr esurnbl y unprotecti ve l evel s ( < l og 1 0 ) .  

The source of i nf ect i on wi th EHV- 1 coul d not be de t ermi ned 

s i nce ther e  was no evi dence of i nf e c t i on· i n  the mar es bef ore and/ or 

at the t i me of weani ng . I n  September , a stal l i on was i m por t ed f r om  

Austral i a  and devel oped r espir ator y  disease when i t  was i n  the 

quar ant i ne cen t re . A bl ood sampl e was taken and an SN ti tre o f  1 : 1 6  

was measured aga i nst a EHV- 1 subtype- 1  v i rus . U nf ortunatel y no 

vi rus i sol at i on at t empts were car ri ed out ( G .W .  Hor ner , personal 
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commun i cat i on ) . Thi s s tal l i on was i nt r oduc e d  on to the pr oper t y  

bei ng i nvesti gated soon aft erwards . I t  i s  not known whether thi s 

hor s e  was the source of i nf ecti on f or the f oals on thi s s tud . 

A t ernati vely , since l atent EHV- 1 i nf e c t i o n  i s  bel i eved to occur 

( Burr ows and Goodr i dge , 1 979 , 1 98 4 ) and mi gh t  be reacti vated i n  some 

mar es ( D ol l and Br yans , 1 9 6 3a ) , they mi ght ha ve passed the i nf e c ti o n  

o n  to the i r  f oal s . I f  th i s  ocur r ed , e xcretion was probabl y 

tr ansi ent since EHV- 1 was not i s ol ated f r om  the mar es at any of the 

vi si ts . Pres umbl y ,  i f  the mares wer e exc r et i ng v i rus , those f oal s 
3 

wi th a l ow or no maternal ant i body ti t r e  ( <l og 1 0  ) woul d contract 

i nf e c t i on , whi l e  others whi ch s t ill had maternal anti body l evel s 
3 

> l og 1 0 woul d res i s t  i nf ecti on , but becom e i nf ected wi th this v i rus 

l ater . 

T homson ( 1 97 8 )  r epor ted that al l those  f oal s whi ch were sampl ed 

f or a f ul l  year showed i nfect i on wi th EHV- 1 i n  the i r  f i rst year of 

l i f e  an d 38 % wer e r e i nfec ted . I n . th i s  pres ent s ur vey , 1 2  out of 1 4  

( 8 5 % )  became i nfected wi th 3 ( 2 5 % )  b e i ng r e i nfected . H owever , thi s 

i nves t i gati on was done onl y f or ten months . I f  th i s  s tudy had been 

car r i e d  out f or a f ul l  year , the same r es ul t s  as reported by Thomson 

( 1 97 8 )  mi ght have been obtai ned s i nce the mater nal ant i body t i tres 

i n  the two uni nf e cted foals had only j ust reached the l evel of 
3 

l og 1 0 by the t i me of the l as t  sampl i ng ,  and had ther efor e j us t  

reache d a suscepti bl e state when the study w as concl uded . 

I n  thi s stud y , s i nce all the f oals whi ch became i nf ected  or 
3 

r e i nf ected had pr ei nf ecti on ant i bod y t i tre bel ow l og 1 0  , this  ti t r e  

was consi der ed a s  a n  ap proximate thr eshol d f or protecti on . H owever , 

this  rel ati onshi p b etween pre i nf ecti on t i tres and i nf ec t i on i n  thi s 
3 

s tudy ( l og1 0 ) coul d not be compared wi th t hose observed by other s . 

Goodri dge ( 1 9 7 3 )  found that an SN ti tre of  Burr ows and 
1 . 4 

l og1 0 woul d be protect i ve ,  and Bryans ( 1 9 6 9 )  r eported  that t i tres 
2 

of l og 1 0  or greater woul d f orm a barr i er to i nf ec t i on l ocated i n  

the mucosa of the pharynx . 

s ugges ted that the r e  was an 

i nf ec t i on and SN t i t res above 

L ater , Bryans and P r i c kett ( 1 9 7 0 ) 

assoc i at i on between 
2 

l og 1 0  • Mumfor d  and 

resi stence to 

Bat es ( 1 98 4 ) 

concl uded that CF anti body ti tres had a better correl ati o n  wi th 

i nf ec t i on than the SN ant i body l evel s . The l evel of prot ect i on of 
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3 
l og 1 0  repor t ed i n  thi s study was meas ur ed by an ELISA tes t whi ch 

was appar entl y much mor e s ensi tive  than ei ther the SN or CF t es ts . 

A further compl i ca t i on coul d be tha t the ELISA t es t  was carr i ed out 

u s i ng a subtype 1 v i rus as anti gen , whi l e  the v i rus whi ch i nf ected 

t he f oal s m ay have been EHV- 1 subt ype 2 .  Al though these two 

subtypes are reported to cross react to s ome extent in the SN test 

( K awakami et al . ,  1 962 ; Burr ows and G oodri dge , 1 97 3 ) , the i r  degree 

of cr oss reac t i vi ty has not bee·n de termi ned i n  the EL ISA tes t .  

F urthermore , no experim ental i nf e c t i on wi th EHV- 1 has been done to 

eval uate the protect i on afforded by d if f er ent ti t r es of  ant i bod i es 

detected by ELISA . 

D ur i ng thi s s ur ve y , EHV- 1 v i rus was no t i sol ated f rom ei ther 

the mares or the i r  f o al s , al though the s erol ogi cal and cl i ni cal 

e v i dence s uggested an E HV- 1 i nf ect i on i n  the f oal s . Thi s i s  i n  

contrast to the f i nd i ng of Thomson ( 1 97 8 )  who r ecovered EHV- 1 f rom 

f o als wi th cl i ni cal s i g ns whi ch subsequentl y showed a ri se i n  

ant i body t i tres , and also from f oal s wi thout serolog i cal ev i dence of 

i nfection .  A pos s i bl e  e xpl anation f or the f a i l ur e  t o  re cover EHV- 1 

f rom the f oals i n  the present st udy coul d be that the i nt er va l  

b etween collections w as too l ong ( 30 days ) , s i nce Shi mi zu e t  al . 

( 1 9 6 1 ) have reported that EHV- 1 i s  only e xcreted f or up to 1 4  day s 

af ter pri mar y  i nf ect i on .  Because no v i rus was i s ol ated , the v i rus 

s trai n whi ch caused the r espirator y  dis ease i n  t he f oals coul d  not 

b e  determ i ned . Howeve r , abor t i ons ass oc i at e d  w i th EHV- 1 have never 

b e en found to occ ur on this  property , and EHV - 1 previ ousl y i s ol ated 

f rom thi s stud was i dent i f i ed as EHV- 1 s ub t ype 2 ( H or ner , 1 98 1 ; 

S t uddert et al . ,  1 9 8 4 ) . Ther ef ore i t  s e em s  l i kel y that EHV- 1 

subtype 2 was res pons i bl e  f or the respi ratory d i sease and the 

s er ol ogi cal r esponse obs erved i n  this  par t i c ul ar property . 



Ta ble 5- 1 Reciprocal ELI SA antibody titres aga inst 
EHV- 1 in mares and in the ir foals afte r 
consumption o f  colos trum 

Horse No . Mare Foal 

1 1 1 945 8 7 58 

2 4789 2 4 72 

3 2704 2285 

4 .1 6 349  4 4 07 

5 1 2590 9 2 8 6  

GMT 9 67 5  5 4 4 1 

log1 0  3 . 90 3 . 6 6  

N B :  GMT -- Ge ometric mean t i tres 

7 1  



Table 5- 2 Rec iprocal ELI SA antibod y  titres against 
EHV- 1 in ma res , and in the ir foals at 
one month of age 

Horse No . Mares Foals 

1 4 908 1 82 8  

2 1 1 7 5 4  1 748 

3 9 5 5  7 0 6  

4 47 9 2  1 6 70 

5 5 5 1 0  3578 

6 2 37 9 3  76 1 3  

7 ND 2 47 4  

8 268 5 ND 

9 25 3 7  1 232 

1 0  5 6 1 3 5 3 1 2  

1 1  7042 2798 

1 2  9809 8456 

1 3  5434  5074 

1 4  6484 37 8 1  

1 5  2 8 1 6  1 4 08 

1 6  5 48 2  7 8 9  

GMT 50 1 2  2 4 5 5  

log1 0 3 - 7 3 . 4  

NB :· ND -- no t done 

GMT -- Geometric mean titres 

7.·2. 
' 
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over a period o f  ten mon ths ( � vacc inat ion o f  foa l s ) .  
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6 . 1  I ntroduc t i on 

Chap ter 6 

EQUINE HER PESVIRUS 2 . 

74 

There has been no p roven assoc i at i on between EHV- 2 i nfec t i on 

and any c l i ni cally recogni z ed d i s ease i n  horses , and exper imental 

i nfecti ons have only resul ted in very mi l d  reac t i ons ( Bl ak eslee et 

al . ,  1 97 5 ) . Howeve r ,  ou tbreak s of resp i r a tory disease asso c i ated 

wi th EHV- 2 i nfect i on have been repor ted i n  young foa l s  ( Pal f i  et 

al . ,  1 97 8 ; Sug i ura et al . ,  1 98 3 ; Horner , 1 9 85 ) and 

i mmunosuppress i on has also been demons tra ted both in v i tro and i n  

v i vo af ter i nfec t i on wi th the v i rus ( Bl ak esl ee et al . ,  1 9 80 ; A l l er 

e t  al . ,  1 9 80 ) . 

I n  the stud under i nves t i ga t i on ,  respi ratory d i sease occurred 

every year in 2-4  month-old foal s ,  some of wh i ch d i ed of pneumoni a 

and/or other compl i ca t i ons either soon after the p r imary symp toms or 

af ter a prol ong ed i l l ness . EHV-2 was . i solated from most of these 

i nfected s ub j ec ts ( H orner et al . ,  1 976 ; Horner , 1 985 ) .  I t  was 

cons i dered that EHV- 2 m i ght play a role i n  th i s  respiratory d i sease 

and i n  the subsequent deaths of the foal s .  Therefore , a s urvey was 

conducted : 

1 .  T o  moni tor ant i body ti tres aga i ns t  EHV-2 i n  f oals and the i r  

dams dur i ng the f i rst  t en months o f  the foal s l i ves . 

2 .  T o  determi ne whether or not these ·animals b ecome i nfec ted 

w i th EHV- 2 , and if s o  a t  what age . 

3 .  T o  attemp t to establ i sh a relati onsh i p  between the 

serolog i c al and v i rolog i cal evi dence and t he cl i ni cal probl em 

encountered on th i s  p roperty . 

The animals samp l ed and the procedures used i n  th i s  study wer e  
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des c r i bed i n  detail i n  chap ters three and four . 

6 . 2  Resul ts 

6 . 2 . 1  Maternally  Derived Anti body 

All  the sera collec ted were subj ec ted to measurement of 

anti body l evels against EHV-2 us i ng the ELISA test  descr i b ed i n  

cha p ter four . Sera coll ected from the foals be fore i ngest i on of 

col os t rum were all nega t i v e . Soon af ter col os t rum consump t i on ,  

thes e  f oals had s imilar serum ant i b ody l evels i n  t h e  s e r a  to those 
0 

of  the ir dams ( <l og 1 0 . 3  d i f f erence ; tab l e  6 - 1  ) .  Before f oal i ng , 

mares had relat i vely l ower mean ant i body 
3 .  5.±0 • 5 3 .  7 .±.0 • 4 

( l og1 0 ) than to EHV- 1  ( l og1 0 ) . 

6 . 2 . 2 V i rus I solation 

t i tres to EHV-2 

Tables 6 - 2  and 6-3 summar i se the total of 59 v i ral i solates 

rec overed from these animal s dur i ng th i s  study , wi th 50  be i ng from 

the f oals and 9 from the dams . 

Unfor tuna tely , all the nasal swab s coll ec ted f rom the mar es 

before part ur i t i on were heav i ly contami nated wi th bacteria and fungi 

and no v i rus i solat i ons were mad e .  Af ter f oa l i ng EHV- 2 was only 

i so l a ted from 5 ( No .  2 ,  5 ,  6 ,  7 ,  1 4 ) out of th e 1 6  mares . F our of 

these f i ve mares excreted the v irus on mor e than one occas i o n .  

I n  contr ast , EHV-2 was recovered f rom all the foals under 4 

months of - age , w i th most of them ( 1 0 / 1 6 )  y i elding the v irus i n  the i r  

f i r s t  two months o f  l i f e . F i gure 6 - 1  shows the i nc i dence o f  EHV-2 

i nfec t i on in these foals by age and time respec t i vely . Over the 1 0  

months per i od , v i rus was i sol ated from each of these foals bet ween 2 

and 6 times , except for two foals ( N o .  4 and 1 7 )  wh i ch d i ed .  V i rus 

sheddi ng per s i sted for 2-7 months w i th vl rus b e i ng recovered e i ther 

cons i s tantly or i nt ermi tent ly . The preval ence of EHV-2 infec t i on i n  

these foals  ( f i gure 6-2 ) r e ache� a peak around 3 - 4  months o f  age and 

decl i ned ther eafter . By 9 months of age the v ir u s  could no l onger 

be i solated ( f i gure 6-2 ) . 
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6 . 2 . 3  Serol ogi cal response 

A .  Serol og i cal Response of Foals to EHV- 2 I nf ec t i on 

F i gu r e  6-3  shows the decl i ne o f  mat ernally ac quired  ant i b ody 

and the s ubs equent devel opment of ac t i ve ant ibody pr oduc t i on to 

EHV-2 in the mares and in the i r  f oals dur i ng the ir  f i r s t  t en months 

of l i fe .  The ant i b ody t i tres aga inst EHV-2 i n  the foals and i n  

the i r  dams are summar i s ed i n  tab l e  A-3 and A - 4 , respec t i vely . 

All  but one foal responded s erol og i cally around the t i me of 

natural EHV-2 i nf ec t i on ,  with a r i se i n  ant i b ody t i tre e i ther at the 

t i me when the v i rus was f i rst i solated , or at the nex t  serum 

col l ec ti on ( table A- 3 ) . The exc e p t i on wa s the foal ( N o .  7 )  wh i ch 

had the h i ghest passi vel y acqu i r ed anti body t i tre and y i elded v i rus 

at 3 mon th s of age ,  but had no serolog i cal re sponse unt i l  two months 

l ater ( F i gure 6- 4 ) . The mean i nc rease in ant i body t i t r es in these 

f oals wer e  7+ 2 . 4  fold . The serolog i cal res ponse of a 

representa t i ve foal ( N o .  1 1 )  i s  shown i n  f i gure 6-5 . 

The s t r i k i ng f eature of the humoral immune response to EHV-2 i n  

foals wa s the steady and prol onged i ncrease i n  ant i b ody t i t res 

fol l ow i ng i nfec t i on ( f i gur es 6 - 3 , 6-4 , 6-5 ) . The peak r esponse was 

reached 3 - 4  months after the f i r s t  v i ral i solation .  As soon as the 

peak of anti body p r oduct i on was r eached , the isolat i on rate  of v i rus 

decreased unt i l  eventually no v i r u s  was i s o l ated . 

No relat i onsh i p  was obs erved be tween the i n i t i al maternal 

antibod y  l evels aga i nst EHV-2 in  the f oals and the occurrenc e or 

course of the v i ru s  i nfec t i on .  T he foal (NO . 7 )  whi ch had the 

highest maternal ant i body l ev e l  contrac ted the v ir u s  i nfec t i on a t  

the same t i me a s  t h e  other foa l s  and the duration of v i rus sheddi ng 

i n  th i s  f oal was also no shorter than the others ,  al though i ts 

s erolog i cal response was apparently del ayed . 

B .  Ser o l og i cal R esponse of Mares to EHV- 2 Infec ti on 
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Of the f i v e  mares from whi ch EHV- 2 was i sol ated , 4 sub sequently 

s howed a sl i gh t  i ncrease in ant i b ody t i tres ( mare No . 2 ,  5 ,  6 ,  1 4 )  

( table A- 4 ) . Onl y mare No . . 7 wh i ch had the hi ghes t  i n i t i al 

antibody l evel d i d  not respond sero l og i cally . A r i se i n  ant i body 

t i tres against  EHV-2 was also demonstra ted in mare N o .  3 f r om wh i ch 

the v i rus was not i solated . All thes e  ihcr eases i n  ant i b ody t i tre 

were l ess than two fold and whether these shoul d be cons i dered as a 

s eroconver s i on i s  questi onabl e ; . however , the st eady r i se and the 

p e r s i s tence of these sl i ghtly i ncreased ant i body t i tr es sugges ted 

that there wa s an i ncreased response to the v i ral i nfec t i on .  

6 . 2 . 4 C l i ni cal Observa t i ons Assoc i a ted wi th EHV-2 I nfec t i on i n  

t he Foals 

In Novemb er and Dec emb er 1 98 3 , respi ratory d isease occur red in 

the foal s ,  and the c l i n i cal signs were generally very mi ld . I n  mos t 

cases only nasal d i scharge , swo l l en l ymph nodes and an eleva t i on o f  

b ody temperature were seen . However , two severely affec ted animals 

( fo al No . 4  and 1 6 )  d i ed in November . I solation of EHV-2 was made 1 5  

t o  20 day s bef ore the i r  deaths . At  p ost-mortem , EHV-2 wa s recovered 

f r om one foal , and a number of bac ter i a  were also i sol ated from both 

a nimals . Of the 1 6  foal s , ten showed cl i n i cal s i gns at around the 

t i me when the v i rus was i solated . Nasal sampl es from 4 animals were 

sent to RAHL , and f rom one of these samples an equ i ne adenov irus wa s 

a l so recovered ( G . W .  Horne r ,  personal communica t i on) . 

The patho l og i cal changes i n  the two dead f oals were typ i ca l  of 

those seen in foals whi ch had prev i ously d i ed on th i s  stud . 

P neumon i a ,  chron i c  phar yng i ti s  and dep l et i on of lymphocy tes were 

observed i n  b o th foal s ,  whi l e wi despr ead petech i al haemorrhages were 

also seen i n  one foal . These changes wer e cons i dered as cons i s tent 

w i th a p r i mary v i ral i nfect ion wi th secondary bac teraemi a  ( G . W .  

Hor ner , personal commun i cation ) . 

d is charge were obs erved i n  any of 

p e ri od .  

N o  s i gns other than serous nasal 

the mares dur i ng the sampl i ng 
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6 . 2 . 5  Character i za t i on of V i ral I solates 

V i rus i solati ons from nasal swab s were made in RK- 1 3 ce l l s . 

Most of the i solates  produced a CPE i n  the f i rst  passage . The t i m e  

requ i red for the f i r s t  appearance o f  a C P E  varied from one i solate  

to another , but usually took from 6 to 1 4  day s .  Genera ll y ,  it  took 

l onger f or the CPE  to appear i n  cells  i nf e c ted wi th v i ruses i solated 

from mares compare d  to those from foals . The time to p roduce a C PE 

on subsequent pas sages decreased , and r anged from 2 to 7 day s . The 

C PE p roduced by all the isolates was s i m i l ar in app earance and 

cons i s ted of a round i ng of cel l s , sync i t i al forma t i on and detachmen t 

of cells from the cul tur e fl asks ( pl a t es 6 - 1  and 6- 2 ) . After 

sta i ni ng wi th haematoxyl i n  and eos i n ,  s t r i k i ng Cowdry type A 

i ntranucl ear i ncl u s i ons were seen wi th a d i s t i nc t  ha lo separ at i ng 

the i nclusion from the nucl ear membrane ( plate 6- 3 ) . Under the 

elec tron mi croscop e ,  the v i rus  showed t y p i cal herpesv i rus morphol ogy 

( plate  6 - 4 ) . Chloroform sens i t ivi ty test reveal ed tha t all  the 

v i ral i sol ates we re chl oroform sens i t i ve .  From the se charac ter i s t i c  

f eatures , these i sol ates were i dent i f i ed a s  EHV- 2 . 

6 . 3  D i scussion 

This survey demons trated that all the foals i n  this  g roup 

b ecame i nfec ted w i th EHV-2 by 4 months of age , wi th most of them 

becom i ng infec ted i n  the ir f i rst  2 months of l i f e  regardless o f  the 

maternally der i ved ant ibody l evel , and p robably i ndependent of the 

time of the year . The ev i denc e to support  this c l a im is seen i n  

f i g ur e  6 - 1  whi ch s hows that the age d i s t r i bution o f  v i rus i sol a t i ons 

i s  c l oser to a normal curve than i s  the d istr i bu t i on accord i ng to 

the t ime of the year . The earl i est i sol a t i on of thi s v i rus was made 

from a f oal ( N o .  9 )  at 33 day s of age .  Wilks  and S tuddert  ( 1 97 4 )  

also reported that the earl i est they had recovered EHV-2 v i rus was 

f rom a 30 day o l d  f oal , and no EHV-2 was l solated from f oals sampl ed 

a t  1 and 3 days of age . These authors postul ated that foals m i ght 

bec ome i nf ec ted w i th EHV- 2 at any t i me between 3 and 30 day s of age .  

In th i s  present s tudy most o f  the foals were sampl ed for the f i rst 

time when they wer e  ar ound one month of age ,  and f our f oals y i e l ded 
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EHV-2 at the i r  f i rst coll ec t i on .  

Wi l ks and S tuddert ( 1 97 4 ) . 

This suppor ts the v i ew h�l d  by 

Pers i s tency and l atency ar e b oth common fea t ures of  her pes v i r u s  

i n f ec t i ons . Pers i s tent i nfec t i ons , however , a r e  d i s t i nc t  from 

l atent i nf ec ti ons b ecau se in the former , v i ru s  i s  re l eased 

continously wh ile i n  the l at ter , v i rus may rtd't be detect·able f or a 

l ong per i od ( R app and J e r k ofsky , 1 97 3 ) .  I n  th i s  p resent survey , all 

the foals shed EHV-2 f or 2 to  6 months , al though the v i rus was 

recovered f rom the ir mar es much l ess f re quently .  This f i nd i ng 

conf i rms the pers i stent nature of i nfec t i ons wi th EHV-2 i n  horses 

wh i ch have been repor ted by other s . Thus Turner et al . ( 1 970 ) 

cons i s tently i sol ated EHV-2 from the nasal cav i ty of 3 horses over a 

p e r i od of 4 1 8 day s, and Blakesl ee et al . ( 1 97 5 ) also repor ted that 

a f ter exper imental exposure two young foal s excre ted v i rus for 9 8  

and 1 1 8 day s respec t i vely . Th i s  v i rus was also recovered from 

l eucocytes of 7 1  out of 80 apparently normal horses ( Kemeny and 

P earson , 1 9 6 9 ) .  

Because of the per s i stent nature of  EHV- 2 i nfec t i on some horses 

may act as carriers in a horse population .  I t  i s  therefore poss i b l e  

that carr i er mar es prov i ded the source of infec t i on f or the ir f oals  

i n  thi s  s tudy . Thus , the 5 mares f rom whi c h  EHV- 2 was recovered al l 

e xcre ted the virus bef ore and/or at the same t ime as the i solat i on 

was made f r om the i r  f oal s .  The other foals whose dams apparently 

were not excret i ng EHV- 2 might have become i nf ec ted e i ther f rom a 

t rans i ent or undetected p e r i od of shedd i ng f r om the i r  dams , or mor e 

l i k ely f rom other i n f ec ted f oals and mares s i nc e  these horses wer e  

runni ng toge ther a s  a group i n  a paddock . 

All o f  the f oals  that were sampled rec e i ve d  a relat i vely l ow 

concentrat i on of colostral ant ibody aga inst EHV- 2 . The dur a t i on and 

rate of dec l i ne of the pass i vely acqu ired a n t i body could  no t b e  

a ccurately determi ned i n  these f oals  because o f  the rap i d  produc t i on 

o f  ant i b od i es by these an imals . After i nf ec t i on wi th EHV- 2 ,  all the 

f oals responded serol og i cally by i ncreas i ng the i r  anti body t i tr es a t  

l east 3 f o l d .  The p eak ant i body l evel was not reached unt i l  3 t o  4 

months after the i n i t i al response , and then was mai ntai ned f or a 
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l ong p e r i od .  

A n  i nteres t i ng observat i on wa s that a steady i ncrease i n  

ant i b ody t i tres to EHV- 2 occ urred dur i ng the 2�6 months per i od o f  

per s i s t ent v i ral i nf ection.  Th i s  i s  i n  c ont rast to other persi s tent 

herpesv i rus i nfec t i ons . In humans infected wi th herpes s impl ex 

v i rus , Andrewes and Per e i ra ( 1 9 67 ) found that a f t e r  the i n i t ial  

ant ib ody response , recurrent c l i n i cal e p i sodes did  not st i mul ate 

fur ther r i ses i n  antibody t i tr es . I n  another per s i stent  herpesv i rus 

i nf ec t i on of man , Epstein-Barr ( EB )  v i rus  i nfec t i on , ant i b ody t i tres 

f i rs t  appear wi th the onset of symp toms and reach a peak b y  the end 

of th i s  phase or at the star t of convales cence , and then rema i n  

constant for l i fe ( Epste i n  a n d  Achong , 1 9 77 ) . T h e  same phenomenon 

has also been observed i n  s ub c l i n i cal i nfecti ons w i th EB v irus  

( Henl e and Henl e ,  1 979 ) . I n  cattle i nfec ted wi th i nfect i ous b ov i ne 

rh i notrache i t i s  v i rus ( I BR ) , S nowdon ( 1 9 6 5 ) observed a r i se i n  

ant i body ti tre i n  one cow on several occas i ons i mmed i a tely foll owi ng 

the i so l at i on of the v i rus . The I BR v i rus was also recovered 

i nterm i t tently over an ex tended per i od ( up to 7 1 8  day s )  from other 

animals in th is g roup , bu t no r i se in ant i b ody t i tres at the time of 

v i rus i sol a t i on was recorded . However , i n  the p r e s ent s tudy , all 

the f oals  showed a steady i ncrease i n .  ant i body t i tres dur i ng the 

period  when EHV-2 v i rus was b e i ng constantly recov e r e d .  P r esumbly 

thi s  s t eady i ncrease was in response to cont i nu ed anti gen i c  

s t i mul a t i on from the pers i s t i ng v i rus i nfect i o n .  I t  i s  not cl ear 

why the re were no t separate p r imary and anamnest i c  components to the 

anti body r esponse , but one poss i b i l i ty coul d be an i nterference by 

the v i r u s  on thymus der i ved lymphoc y te s  with sup p ressor func ti on 

(T-s  cell s ) . T h i s  has been r eported for other v i rus i nf ec t i ons 

( Woodruff  and Woodruff , 1 975 ) ,  and EHV- 2 has i tself  been shown to 

i nterfere wi th T cell funct i on i n  v i tro ( Black esl ee et al . ,  1 9 80 ) . 

Recentl y ,  Sug i ur e  et al . ( 1 98 3 )  r epor ted that among 7 foal s f rom 

whi ch EHV-2 was isolated , only two showed a serolog i cal response , 

and they bel i ev ed that these f oals had a l imi ted abi l i ty to produce 

ant i b ody because o f  the i r  age .  

I n  th i s  p re sent stud y , a serolog i ca l  response was demonstrated 

in all the f oals foll owi ng i nf ect i on w i th EHV-2 ,  however , i ts rol e 
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i n  el iminat i ng EHV-2 i nfection was quest i onabl e .  Never thel ess , when 

the ant i b ody l evels reached the i r  p eak , the v irus  i so l at i on rate 

decreased,  and f i nally no EHV-2 was i sol ated from any of these 

f oals . Poss i bl e  expl anat i ons for th i s  sequence of events wou l d  

i nclude : 

1 ,  Anti b od i es i nduced by th i s  v i rus i nf ec ti on m i ght only have 

b een abl e to suppress mul t i pl i cat i on of the v i rus and not c ompl etely 

abrogate i nf ec t i on unt i l  suff i c i en tly h i gh t i tres wer e  ev entually 

r eached.  E v i dence for the prote c t i v e  role of  ant i b ody in  g EHV-2 

i nfec t i ons has been g i ven by Belak et al . ( 1 980 ) who demons trated 

that pass i ve i mmun i z at i on of foals  w i th hyp er immune serum aga i nst 

EHV-2 del ayed the occurrence of EHV-2 i nf e c t i on and decreas ed the 

sever i ty of the cl i ni cal reac ti on .  

2 ,  A d e l ayed app earance of I gA i n  the pharyngeal reg i on mi gh t 

have eventually reac ted wi th the v i rus , and decr eas ed v i rus 

shedd i ng .  The ontog eny of imm unogl obul i n  p roduc t i on fol l owi ng 

natural i n f e c t i on or immunizat i on w i th a var ie ty of v i ral agents i s  

i n  a sequent i al manner , namely I gM ,  I gG and I gA ( Ogra e t  al . ,  1 97 5 ) .  

I gA e i ther from l ocal secret i on or of serum o r i g i n  i s  i mp ortant i n  

protec ting the mucosal membranes from i nfec t i on , or a t  l east 

reduc i ng the i nfec t i ng dose (Thomson , 1 9 78 ) .  Al though the ELI SA 

test used i n  th i s  study might have detec ted ma i nly I gG ant i b ody , 

par t i cul ar l y  s i nce the conj ugate used was ant i - I gG ( whol e mol ecul e ) , 

detec t i on o f  other ant i body classes was also p os s i b l e  due to the 

c ommon l i ght cha i ns in all classes of i mmunogl ubul i n .  The i nc rease 

in ant i bod y  t i tres of these foals  around 6 months of age m i ght have 

been mai nl y  due to an i nc rease o f  I gA ant i body . The e f f ec t  of  I gA 

i n  the pharyngeal mucosa coul d exp l a in why the recover y  of EHV-2 

from the nasal cavi ty was l es s  frequent from the foals after 6 

months of age .  The i nfrequent recovery of th i s  v i rus f rom the nasal 

mucosa of mares m i ght also be expla i ned by a h i gh I gA l evel i n  the 

mucosal secre t i ons , though i t  may s t i l l  be isolated from the 

l eucocytes of a h i gh propor t i on of adul t hor ses ( Kemeny and P earson , 

1 969 ) . 

3 ,  Cell  med iated i mmun i ty ( CMI ) cou l d  devel op sl owly after 
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i nf ec t i on and el i m i nate v i r u s-conta i n i ng cells , reduc i ng the v i r u s  

t i tres i n  the nasal cavi ty . The CMI response is bel i eved t o  destroy 

v i ru s  wh i ch i s  p rotec ted from ant i b ody by i ts i ntra- cel l u l ar 

locat i on ( Bl oom and Rager- Z i sman, 1 9 75 ) . I t  has been shown i n  v i tro 

by Bl akeslee et a l . ( 1 9 80 ) that EHV - 2  is  capabl e of  suppres s i ng 

l ymphocy te transf ormat i on .  I f  th i s  suppress ion occurs f ol l ow i ng 

EHV-2 i nfec t i on o f  foal s ,  then the immune system of these animals 

m i ght become comp romised . The effec t  o f  i mmunos uppress i on wou l d  

probably b e  rel at i vely shor t-l ived and variabl e i n  i ts sever i ty .  

Horses tha t exper i enced immunosuppression  wou ld recover and coul d  

then acti vely cont rol the v i ral i nf ect i on .  Th i s  protective role o f  

. CM I  would expl a i n  why mares wi th l ow ant i b ody l evels b u t  a we l l  

devel oped CMI , shed the v i rus l ess frequently than foals wi th h i gh 

ant i b ody l evels . 

I n  the l i ght o f  the above f i nd i ng s ,  an assoc i at i on seems l i k ely 

be tween EHV- 2 i nf e c t i on and the respi r a tory d i sease ob served i n  

foa l s  dur i ng N ovember and December , al though the virus wa s also 

i solated from foal s wi thout any overt c l i ni cal reac t i ons.  There are 

al so other repor t s  wh i ch support the v i ew that EHV- 2 cou l d  be a 

pathogen i n  young f oal s .  Pal f i  et al . ( 1 9 7 8 )  repor ted a r esp iratory 

d i sease of young f oals 6 to 1 0  wee k s  of age , some of wh i ch a l so 

d i ed . EHV-2 was the onl y v i rus i sol ated f r om all  these cases and no 

r i s e  i n  antibody ti tres could be demons trated aga i ns t  resp i ra t ory 

v i ruses other than EHV-2 . Moreover , the adm i n i strat i on of 

hyp er immune serum aga i nst EHV- 2 to foa l s  delayed the i nf ec t i on and 

prevented the annual resp iratory d i sease wh i ch had been ob served on 

the same p roper t i es prev iousl y . F oa l s  i n  non- par t i c i pat i ng s t uds 

s t i l l  became i nfec ted and devel oped cl i ni c al si gns early in the i r  

l i f e  ( B ela k e t  a l . , 1 980 ) . Recent l y , Sug i ure et  al . ( 1 98 3 ) also 

reported that onl y  EHV- 2 and no other r e s p iratory v i ruses cou l d  be 

recovered from foals wi th pneumoni t i s .  H owever , · th i s  v i rus can al so 

be f reque ntly i s ol ated from cli n i ca l l y normal horses ( Kemney and 

P earson , 1 969 ) and from d egenerated equ i ne l eucocytes used f or 

rou t i ne cell cul ture prepara t i ons ( H s i ung , 1 9 69 ) .  Furthermore , 

exper i mental i nf e c t i on of foal s wi th the LK strain of EHV-2 only 

resul ted i n  a m i l d  reac t i on ( Blakeslee e t  al . ,  1 975 ) .  Exp e r i mental 

infect ion wi th other strains of EHV-2 have not been at temp ted . 
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Recen tl y ,  Blak eslee et al . ( 1 980 ) r epor ted a dose- rel ated 

i mmunosuppress i on foll owi ng in v i tro i nf ec t i on of l ymphocytes wi th 

EHV-2 , and th i s  effec t was also seen i n  v i vo u s i ng the rabb i t  as . a 

model ( A l l er et al . ,  1 9 80 ) . I t  i s  therefore pos s i bl e  that foal s 

become i nf ec ted wi th EHV- 2  ear l y  in the i r  l i f e  and the v i r u s  

i n i t i a tes a resp i ratory d i sease , b u t  under normal c ir cums tanc es of 

i nfec t i on ,  the cl i ni ca l  s i gns are m i l d and may go unno t i ced The mos t 

common mani f estat i on may be a chroni c  pharyng i t i s  as repor ted by 

Blakeslee et al . ( 1 97 5 ) .  Howev er , if  the f oa l s  are under stress or 

i nfec ted wi th a large dose of v i ru s ,  the v i r u s  may i nvade the c e l l s  

o f  the i mmune sys tem a n d  causes i mmunosuppres s i on .  Thi s suppressed 

i mmune sy st em could make the f oals mor e suscep t i b l e  to secondary 

i nfect i ons wi th other v i ral and bacter i al agents . The i mmune system 

of the two foals wh i ch d i ed i n  th i s  s t udy m i ght have b ecome 

comprom i s ed after i nfect ion w i th EHV- 2 so that these animal s coul d 

not mount suff i c i ent i mmun i t y to combat the secondary bac t er i al 

i nfec t i on .  I ndeed , the pathol ogical changes observed i n  the 

lymphor e t i cular sys tem of the two foals ranged from severe dep l e t i on 

of l ymphocy tes ( thymu s , spleen) to hyperpl as i a  ( tons i l , mand i bul ar 

l ympoh node s )  wi th p resence o f  blast c e l l s . Bac ter i a  i nc l ud i ng 

Pas teurel l a spp . and S treptococ c i  spp . were a l so i solated from 

these an i mals ( G . W .  Horner , per sonal commu n i c a t i on ) . 

I n  ol der horses , EHV- 2 i nfec t i on may b e  subc l i n i cal . Thus , 

after expe r i mental i nf ect i on wi th EHV-2 B l ak eslee et  al . ( 1 9 75 ) d i d  

not i nduce any 

foals developed 

i nves t i ga t i on 1 0  

ove r t  symp toms i n  older horses , al though two young 

a m i l d  resp i ratory d i sease . In the present 

ou t of 1 6  foals showed c l i n i ca l  reac t i ons around 

the t i me that EHV-2 was i solated , but no s i gns were obs erved in any 

of the mares i nclud i ng those f rom wh i ch the v irus was recovered . 

I n  conclus i on ,  a l though 

defi ni t e  assoc i at i on between 

d i rect 

EHV-2 

e v i dence demonstrati ng a 

and the c l i n i ca l  p rob l em b e i ng 

exper i e nced on th i s  s tudy under i nvest igat i on coul d not be ob t a i ned , 

there i s  some c i rcumstan t i al ev i dence that EHV-2 was assoc i ated wi th 

the resp i ratory d i s ease i n  foal s .  



Table 6- 1 Rec iprocal ELI SA antibody titres aga inst 
EHV- 1 in ma re s , and in their foai s a fter 
i ngestion of co los trum 

Horse No . Ma re Foa l 

1 9264 8 58 6  

2 24833 2 35 6 1  

3 2 1 34 1 7 1 0  

4 872 1 98 

GMT 4 5 4 9  2 30 5  

log1 0 3 . 7  3 . 4  

N B :  GMT -- Geometric mean titres 
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Table 6-2 

Foal No . 

1 
2 -

3 

4 

5 

6 
7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  
NB:  

Recovery of EHV-2 from the Foals during the ir fir st ten months o f  life 

30 60 90 

- ND + 

+ - ND 

- + ND 

+ DEAD 

- - ND 
- ND + 

- ND + 

- + + 

+ + ND 

- + ND 

- + + 

- ND + 

- + ND 

- - ND 
- + ND 

+ DEAD 

+ -- EHV-2 Isolation 
Negative 

ND -- No t Done 

Age in days 
1 20 1 5 0 1 80 

ND + + 

- + -

ND + + 

+ - + 

+ + SOLD 

+ + + 

ND - + 

+ + + 

+ + -

ND + 

+ - -

+ + -

+ + + 

+ - -

2 1 0  240 27 0 30 0 

- + - ND 

+ - - ND 

+ - - ND 

+ 

+ - - ND 

+ + - ND 

- ND ND ND 

- - - ND 

- - - ND 

- - - ND 

� 



Table 6- 3 Reco ve ry o f  EHV- 2 from mares ove r the fi rst 

five months of their foal ' s  l i fe 

Mare No . Bp 1 5- 45 4 6- 7 5  7 6- 1 0 5 1 0 6- 1 3 5 1 36- 1 6 6 

1 ND ND ND 

2 + ND 

3 ND ND ND ND 

4 ND ND ND ND ND 

5 ND + ND + 

6 + ND + ND 

7 + ND + ND 

8 ND ND ND ND 

9 ND ND ND ND 

1 0  ND ND ND ND 

1 1  ND - ND ND 

1 2  ND ND ND ND 

1 3  ND ND ND 

1 4  ND + ND + ND 

1 5  ND ND ND ND 

1 6  ND ND ND ND ND 

NB : Bp Be fore paturition 

ND Not Done 
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Chapter 1 

GENERAL CONCLU SION 

The presen t inves tigation confi rme d the presence o f  EHV- 1 and 

E HV-2 on a par ticular s tud farm i n  which respiratory disease had 

previously been a problem in foals , and gave information about the 

e pidemiology o f  these infections on the property . 

Serological evidence suggested that most of the 

became infected with EHV- 1 ,  and a small proportion 

a p parently reinfected during the ir firs t  ten months of 

foal s ( 85% ) 

( 38 % )  we re 

l i fe . The 

i n fec tion with E HV- 1 occurred at around wean ing time when mate rnal l y  

derived antibody had declined t o  a no n- protect ive level , · and again 

at the time when the foal s were approa ching the end of their firs t 

year of l i fe . This was similar to the pat tern of EHV- 1 infec tions 

i n  foals in other countries . 

The cont ri bution of EHV- 1 infections to respiratory disease o f  

these foals was , however , less than was anticipated when compared 

w i th other reports . The clinical response was l imited to a profuse 

muco-purulent nasal discharge in mos t of the foals , and a few s howed 

an elevation o f  body temperature at around the time of infec tion . 

Despite a large increase in antibody t itres to EHV- 1 ,  the virus 

i tself was no t isolated from the foa l s , and this was probably 

because the foa l s  ingested high levels o f  colos t ral antibodies to 

E HV- 1 which inte rfered with virus reco ve ry . 

Vaccination of the foals with Pneumabort-K at 3 0  and 6 0  d ays o f  

age prove d t o  be of li ttle value o n  t h i s  prope rty , again probably 

d ue to the i nterference o f  high levels o f  pas sively acquired 

antibod y .  Since the e pidemiolgical i nves tigation revealed that 

EHV- 1 mainly affected foals at a round the time of weaning , 

immunization commencing a t  90 days o f  age would , therefor e ,  have 

been desira ble . By this time the maternall y  acquired antibody 

should have declined to an un inhibitory level , and this vac cine 
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would then be more likely to induce sufficient immun ity to protect 

them against EHV- 1 infection . 

In order to s tudy the e pidemiology o f  EHV-2 infec tion , an ELI SA 

sys tem was developed to measure serum antibodies to this virus . The 

test proved to be 1 5 00 times more sensitive than the s tandard se rum 

neutralisation test . It was also highly specific and had the 

advantage o f  being cheap and easy· to perform . 

Using this test , rises in titres 

d emons trated in foals at 2- 4 months of age ; 

after EHV- 2 was first isolated from all 

against EHV- 2 were 

this occurred shor tly 

these animals .  The 

infec tion with EHV- 2 pro ve d  to be persis tent , with virus being 

recovered ove r  a 4-6  month period . During this time , an unusual 

cont inuous increase in ant ibody titres agains t EHV-2 was o bserved . 

An outbreak of respiratory disease , similar to that seen in 

previous years , occurred in the foa l s  in November an d December when 

they were 2-4 months of age . It was at around this time that EHV- 2 

was firs t reco vered from the foa l s , and a serological res ponse to 

EHV-2 was firs t noted sho rtly afterwards .  

From the a bove find ings it was concluded that EHV- 1 infec tion 

was probabl y associated with the respiratory disease which occurred 

at around the t ime of weaning . It seemed pos sible that EHV-2 had a 

contributory role in the respiratory d isease regularly occurring on 

the stud in foa l s  of 2-4 months o f  age . Further s tudy is r equi red 

to confirm and e xtend these observations . 
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Appendi x I 

COMPOS ITI ON OF BUFFE RS AND S OLUT I ONS 

A nti b i oti c-T r y p s i n-V ers ene ( ATV ) 

0 . 5  gm T r y psi n (D i f co 1 : 2 5 0 )  

0 . 2  gm V er s ene ( E DTA Seque s t r i c a c i d )  

8 . 0  gm N aCl 

0 . 4  gm K C l  

1 . 0 gm D e x t r os e  

0 . 58 gm N aH CO 
5 3 

2 X i 0 I U  P e n i c i l l i n  

1 00 . 0  mg S t r e pt omyci n 

0 . 02 gm P e nol red 

M ade up t o  L wi th de i oni sed d i s t il l ed 

f il tration . 

C oat i ng Buf f er ( 0 . 05 M )  

1 . 59 

2 . 9 3  

M ade up t o  

g N a  CO 
2 3 

g N aHCO 
3 

L dei oni sed water . 

C i tr ate- phos phat ase Buf f er S t ocks 

A .  C i tri c A c i d S ol ut i on ( 0 . 1 M )  

2 . 1 g C i t ri c a c i d 

F i nal pH 9 • 6 . 

M ade up t o  1 00 ml wi th de i onised wat er . 

B .  Phos phat e S olut i oi n  ( 0 . 2  M )  

2 . 8 4 g N a  HPO 
2 4 

Made u p  t o  1 00 ml wi th dei o ni se d  wat er . 

wat er . 

97 

Ster i l i se by 



N aC l-T ri s-EDTA Buffer ( NTE)  

5 .  84  g N aC l  

1 . 2 1  g T r i s  

0 .  37 g E DTA 

M ade up t o  L de i oni sed wat er . · F i nal pH 7 . 2 .  

PBS -Tween 20  ( 0 . 02 M )  

8 . 0  g N aC l  

0 . 2  g KH PO 
2 4 

2 . 9  g N a  HPO ( 1 2  H 0 )  
2 4 2 

0 . 2  g KCl 

0 . 5  ml T ween 20 

M ade . up to 1 L wi th de i oni sed wat er . F i nal pH 7 . 4 . 

PBS -Tween- 4%BSA 

4 . 0  g BSA 

Made up to 1 00 ml wi t h  PBS-T we en 20 . 

P e ni c il l i n ,  S t r e ptomyci n ,  Kanamycin ( PSK)  

1 0 . 0  gm S trept omyci n 

1 0 . 0  1 - mega vi al Peni cill i n  

1 0 . 0  g m  K anamyci n 

M ade up t o  1 L PBS .  Ster i l i se by f i l trat i on .  

Phos phate Buf f ered S al i ne ( PBS)  

8 . 0  gm N aC l  

0 . 2  gm KC l 

1 . 1 5  gm N a  HPO 
2 4 

0 . 2  gm KH PO 
2 4 

Made up t o  L wi th de i oni sed d i s t i l l ed 

autoclavi ng ( 1 5l b s  f or 1 5  mi nut es ) . F i nal pH 

wat er . 

7 . 2 -7 . 4 .  

98 

S t er i l i se by 



Subs trate Soluti on 

9 .  72 ml 0 .  1 M 

1 0 . 2 8 ml 0 . 2  M 

8 . 0  gm O P D  

8 . 0  ul H 0 
2 2 

M i x  above reagents 

T r ans port Medi um 

1 0 . 0  ml PSK 

5 . 0  ml Amp B 

0 . 2  g BS A 

9 9  

C i tri c a c i d  sol ut i on 

Phosphat e s ol u tion 

toge ther i mmed i at e l y  befor e  use . 

Made up to 1 0 0 ml T 1 99 .  Ster i l ise  by f i l tratrati on .  F i nal pH 7 . 2 .  

D i s pense i n  sm all vol umes . 

T ri c i ne Buff er ed 1 9 9 ( T 1 9 9 )  

1 0 .  0 gm P ower ed medi a 

1 . 8 gm T ri ci ne 

1 . 5 gm N aH CO ( c l osed vessel ) 
3 

M ade up to L wi th de i oni sed 
0 

f il tration . S t or e d  at -4 C .  

T rypan Blue 

0 . 2  gm T rypan bl ue powder 

1 00 . 0  ml PBS 

D i s pens e i n  1 . 8 ml s .  

di st i l l ed wat er . Ster l i s e  by 
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A22end ex I I  
Table �A- 1 Reciprocal o f  ELI SA antibod¥ titres aga inst EHV- 1 in foal s  during 

their fir st ten months of l�fe 

Foal No . AB 1 2 3 4 

ND 1 828 ND 485 ND 

2 - 1 748 1 2 1 6  ND 4976 

3 - 7 06 362 ND ND 

4 ND 1 67 0  440 DEAD 

5 ND 35 78 4467 ND 3487 

6 8785 7 6 1 3  ND 1 697  82 

1 4798 2474 ND 369 1 82 

8 2285 ND 4 5 1  362 ND 

9 ND 1 2 32 1 728 ND 121 

1 0  ND 53 1 2  1 298 ND 2042 

1 1  4 4 07 2 9 8 1  1 070 5 4 4  ND 

1 2  9286 84 5 6  ND 1 3 62 3 1 5 3  

1 3  ND 5074 3270 ND 3472 

1 4  ND 378 1 2009 ND 472 

1 5  ND 1 4 08 1 6 07 ND 3072 

1 6  ND 789 DEAD 

AB Afte r birth 
ND No t done 

- Negative 

Age in months 
5 6 

5673 5320 

ND 1 48 7 6  

3503 505 4 

30 35 1 687 

780 SOLD 

- -

48 1 7  1 5 37 

1 28 832 

556 1 72 

5664 4 570 

1 306 652 

2208 69 1 

2085 70 

1 756  89 1 

1 

47 1 9  

308 1 

2267 

1 72 5  

1 0 47 

1 0 03 

929 

8 1  

1 280 

4267 

396  

-

385 

8 9 

3445 1 4 68 

3996 4369 

1 2 1 9  2 1 98 

1 49 1  1 1 08 

1 6 50 ND 

358 1 2528 

62 9 1 2 89 

ND 1 5 4 1 8  

1 028 9 62 

1 6 5 4  ND 

1 8 5 62 6655 

- 1 0 9 4 2  

2 83 343 

1 0  

328 5 

ND 

2444  

ND 

ND 

28 1 3  

ND 

ND 
2 9 9 0  

ND 

ND 

ND 

ND 

...... 
0 0 



Table A-2 Reciprocal o f  ELI SA antibody ti tres against EHV- 1 in mares 
during the fir st five months of their foal ' s  life 

Mare No . Bf 1 2 3 4 5 

1 5405 4908 ND 46 08 ND 62 1 6  

2 6778 1 1 754 1 2 1 08 ND ND ND 

3 1 322 9 5 5  889 ND ND ND 

4 1 0 1 5  47 92 429 1 ND ND ND 

5 1 08 1 4  55 1 0  404 1 ND 5842 5428 

6 1 1 94 5  237 9 3  947 9 ND 672 1 ND 

7 2472 ND 3795 1 5 1 7  1 59 1  ND 

8 2704 2685 3564 4548 ND ND 

9 3 1 86 2537 2757 ND ND ND 

1 0  4066 56 1 3  79 9 1  ND ND ND 

1 1  1 6 349 7042 5 1 87 79 1 0  ND ND 

1 2  1 2590 9809 ND 48 83 4 6 45 34 1 2  

1 3  94 2 1  5434 4530 ND ND ND 

1 4  7 583 6484 90 53 ND 72 1 9  6320 

1 5  3088 28 1 6  2783 ND ND ND 

1 6  1 1 823 5482 ND ND ND ND 

NB Bf -- Before foaling 
ND -- Not done 

.._. 
0 
.._. 



Table A- 3 Rec iprocal o f  ELISA antibody titres agains t EHV- 2 
in foals during their fir st ten months of li fe 

Foal No . 1 5  30 6 0  9 0  1 20 
Age in days 

1 80 1 5 0  2 1 0  240 270 300 

1 ND 1 0 53 ND 8267 ND 5 5046 432 1 1 28232 32443 6 1 877  45061  

2 ND 4436 3 1 87 0  ND 68382 5 3 9 6 1  300 1 9 1 3802 23226 22965 ND 

3 ND 1 8 64 1 5 39 ND ND 2 1 990 33988 43504 1 9 8 1 4  77 1 46 2 1 0 45 

· 4 ND 6 684 6 32 1  D I ED 
5 ND 3458 5204 ND 83264 1 3 1 7 72 1 4 420 1 890935 3590 50 2021 27 ND 

6 8 586 5 5 1 8 ND 2759  1 0 379  3 30 3 3  ND ND ND ND ND 

7 235 6 1  1 1 484 ND 3358 1 87 6  1 26 4 9  7 5 64 6 1 87 1 3 636 ND ND 

8 1 7 1 0  ND 786 42 3 6  ND 49387 6 5 1 1 3  3 54 1 7  38868 3707 1 4 9 9 47 

9 ND 600 1 7 59 ND 1 57 6 1  45063 45984 1 95 1 90 9 6272 1 0 74 69 ND 

1 0  ND 3 323 2663 ND 3470 1 7 5 1 9 24307 20345 1 3988 1 9 904 ND 

1 1  1 89 1 28 1 6 53  1 1 87 8  ND 1 68 9 5  35 51 9 249 1 0  372 5 5  65520 58 1 08 

1 2  9 94 622 NO 2070 1 5067 42297 6 4 597 57882 7 6 308 ND ND 

1 3  ND 39 1 286  ND 2890 79 1 4  24807 46 1 25 1 0 0 3 1 5  36796  ND 

1 4  ND 562 3 35 ND 1 722 4633 4695 9 1 1 9  4400 6366 ND 

1 5  ND 4 5 3  1 2 9 1  ND 1 8 69 2 1 1 67 59 58 1 80 225900 73446 1 1 2405 ND 

1 6  ND 1 84 DIED 

NB:  ND -- No t done 

...... 
0 N 



Table A- 4 Rec iprocal o f  ELI SA antibod y  titres agains t EHV- 2 in mares 

during the fir st five months of their foal ' s  life 

Mare No . BF 30 60 90 1 20 1 5 0 

1 34 40 37 1 9  ND 2069 ND 3678 

2 57 53 7574 827 0  ND ND ND 

3 59 1 3 64 1 1  1 2 1 5 1 ND ND ND 

4 1 6 06 6 1 3 300 1 4 462 ND ND ND 

5 4667 7 0 3 1  2 1 6 3 ND 51 83 3239  

6 926 4 8978 ND 1 08 54 8862 404 1 

7 1 5 320 1 3993  ND 1 02 4 7  1 40 2 9  ND 

8 2 1 34 1 7 1 9  1 2 1 7  1 72 6  ND ND 

9 7 7 1  695 832 ND ND ND 

1 0  3397 547 5 4 1 02  ND ND ND 

1 1  872 7 6 1  788 1 0 39 ND ND 

1 2  896 1 080 9 6 4  ND ND ND 

1 4  7 7 9  550 535 ND 659 ND 

1 5  2 1 7 5 2982 4039 ND ND ND 

1 6  2 1 1 0  1 1 1 4 ND ND ND ND 

NB Bf -- Before foaling 

ND -- Not done ...... 
0 w 
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