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Abstract 

This thesis describes studies on epidemio logica l  a spects of in fection 

of a da iry herd with bovi ne  vi ra l  dia rrhoea virus. Seru m neutra liz ing a ntibodies 

were measu red and iso la t i o n  of vi rus wa s attempted f ro m a n i ma ls in one 

commercia l da i ry fa rm a nd fro m  bobby ca lves col lected from da i ry fa rms i n  the  

Ma nawatu Reg ion for sla ughte r at a loca l  abattoi r. 

The work is presented i n  six cha pters. The fi rst chapter  is a review of 

the l iterature releva nt to the p resent work. The second is a descript ion of the 

genera l  materia ls and methods. The th i rd ,  fourth a nd fifth g ive the  resu lts of 

the i nvestigations  ca rried out a nd the sixth is summa ry ,  a genera l  d iscussion 

a nd conclusion of the major  f indi ngs. References are cited at the e nd of the 

thesis .  Appe ndices I a nd 11  describe the prepa rat ion of the m edia for  cel l  

cu lture ,  reagents and so lut ions ,  a nd publications related to the work. 

Al l of the replacement heifers and 97. 1 %  of the adu lt mi lking herd had 

seru m  neutra l i z i ng a ntibodies  to bovine vira l  dia rrhoea vi rus .  There was no 

s ignifica nt difference (p > 0 .05) i n  the geometric mea n  titres of each age g roup 

of the a nima ls i n  the herd.  

' 

The serum a ntibody titres of the cohort of one to fou r day o ld ca lves 

reflected those of their da m s  a nd decli ned steadily, with a ha lf life of 25 days,  

s o  that  by e i g ht m o n t h s  of  a g e ,  a l l ca lves tested nega t ive . The s e ru m  

neutra liz ing a ntibody titres i n  a g roup of bobby ca lves at a loca l  a batto i r  were 

s ignifica ntly lower (p < 0 .00 1 ) tha n those of the cohort of ca lves on  the fa rm . 

Bovine  vi ra l  dia rrhoea vi rus was isolated from blood sa mp les from 2 1  

o f  340 (6. 1  % )  anima ls a nd five ( 1 .4%) of these a nima ls were sti l l  i nfected when 

retested 1 2  months later. The distribution  of serum neutra liz ing a ntibodies i n  

i nfected animals ranged from < 0 . 6  to 2 .7. Th ree o f  the persistently i nfected 

a ni ma l s  had n o  detecta b le  n eut ra l iz ing a nti bodies (tit res < 0.6)  but two had 

titres of 0.9 a nd 1 .8. The age of  the infected a nima ls ra nged fro m  one to more 

tha n  eight yea rs. 

Pers istent ly i n fected a n i ma ls p rovided an adequate mecha n ism for 

the ma i ntenance of bovine vi ra l  d iarrhoea virus in the herd. lt is postu lated that  
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animals , i n  contact with persistent ly i nfected animals, may b e  rei nfected when 

thei r antibody titres decl ine below protective levels .  

The vi ral interference assay and f luorescent antibody test were used 

to detect v i ru s  i n  cu l ture s  o f  b l o o d  sam p les .  These two m et h o d s  were 

evaluated for sensitivity and specificity and appeared to be equal ly su itable for 

vi rus iso latio n .  In the present work there was 88.4% agreement between the 

two tests ,  wh i l e  the v iral i nte rfe re nce assay was found to be relatively more 

sensitive but less specific than the f luorescent antibody test . 

Th e resu lts of t h i s  wo rk i nd icate that i n fecti o n  w i th  bovi n e  vi ra l  

d iarrhoea virus is  endemic o n  the  farm studied and that most an imals become 

i nfected by the time they are twe lve m o nths o ld .  However, depending on the 

part icu lar management practices used, some groups of heife r calves may not 

be exposed to v i rus befo re t h ey reach b reeding age. l t  a lso appears that 

in fect ion with bovine viral d iarrhoea virus is  common on many dai ry farms i n  

the Manawatu Region. If identif icat ion and e l imination of persistently i nfected 

an i ma ls  i s  a n  opt ion fo r t he  co nt ro l  o f  bovi ne  v i ral d iarrhoea v i ru s  i n  an 

ende mical ly i n fected popu lati o n ,  a laborato ry test  with h ig h specif icity and 

sensitivity and wh ich is easy to perform wi l l  be required. 

I f  e rad icat i o n  o f  B V D V f r o m t h e  f a r m  i s  n ot p ract i c a l  t h e n  

i m mu n izatio n  o f  heifers aro u n d  the  age o f  1 2  months, either by exposure to 

persistent ly i nfected animals i n  the herd o r  by using inactivated vacci nes ,, may 

protect them against i nfect ion dur ing the fi rst breeding period thus m in im iz ing 

foetal i nfectio n .  
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CHAPTER ONE 

Review of the l iterature. 

History 

Bovi ne vi ra l  d iarrhoea virus (BVDV) i s  a ve rsati le  Pestivi rus wh ich 

;, fects a wide ran g e  of wi ld  and do mest ic ru m i nan ts  and p igs  and is an 

e cono m ically important pathogen of cattle th roughout the world causi ng a wide 

-a nge of cl i n ical syndromes (Ames, 1 986 ; Brown lie et al. , 1 987) .  

The disease associated with infect ion with BVDV was fi rst recognized 

1 the  Un ited States of America (USA) i n  1 946 i n  association with epidemics of 

a cute and ofte n fatal d i sease wh ich we re characteri zed by d i arrhoea and 

e rosive lesions of the digestive tract (Oiafson et al. , 1 946) . S ince the disease 

.\' as t ran smiss ib le with materia l  wh ich contained no visible o rganisms it was 

- amed virus diarrhoea (Oi afso n  et al. , 1 946) . Concu rrently, s im i lar cases with 

.·a riations in the deg ree of severity, ch ron icity and p reval ence were described 

a nd named mucosal disease ( MD) (Ramsey and Ch ive rs, 1 953).  

The v i ru s  of  bovi n e  v i ral d iarrhoea ( BV D )  was d i scove red when  

::g e nts cytopathic for bovine kidney cel l  cu ltu res were recovered from anim als 
. 

-.•.·it h  M D  (Underdahl et al. , 1 957) . The aetio logical con nection  between BVDV 

a nd t he  recog n ized d isease sy ndromes was establ ished w h e n  a cytopathic 

. .: rus  was recovered from a calf that died from vi ra l  d iarrhoea (Gi l lespie et al. , 

. 960) .  

For  some time i t  was thought that several different i nfectious diseases 

w e re associated with the co nd it ion now known as BVD- M D  vi ral i nfect io n .  

:.... at e r  h oweve r ,  v i r uses  i s o l ated f ro m  B V D  a n d  M D  w e r e  s h o w n  to  b e  

s e ro log ical ly s im i lar and ,  i n  experi mental i nfect ions ,  caused the  same m i ld 

di arrhoea (Gi l lespie et al., 1 96 1 ; Thomson and Savan , 1 963). 

Tho m s o n  and Savan ( 1 963)  p e rfo rmed c l i n i ca l ,  patho log ical and 

·.-·i ro log ical com parisons  of the syndromes and confi rmed that BVD and MD 

w e re a single e ntity , caused by the same vi rus. They proposed the name vi rus 



diarrhoea to e m brace the two diseases. Later it was establ ished that various 

strains of BVDV ,whether  i nducing a cytopathic effect i n  cel l  cu ltu re or not, were 

antigenical ly re lated s ince a l l  st rai ns showed some deg ree of c ross reactivity 

by f luorescence , neut ra l i zat i o n ,  co mplement fixat ion  and  i m m u n odiffusion  

precipitat ion tests (Castrucci et al. , 1 975; Gi l lespie e t  al. , 1 96 1 ; Fernel ius et al. , 

1 971 ) . 

The n ami ng  of  the  v i rus is unfo rtunate even today ,  because of the 

m u lt ip le  and  d ive rse c l i n ica l  man i festat ions  which ra ng e f ro m  apparently 

healthy but pe rsistent ly  i n fected animals, to classical  M D, a n d  f ro m  subtle 

in t raute ri n e  g rowth reta rdat i on  to ove rt co ngenital defects i n  t h e  foetuses 

(Baker , 1 987) .  The term mucosal disease complex was in com mon usage in 

the l ite ratu re for a long ti me .  I n  1 968 the  ad hoc Committe e  o n  Termino logy 

(Symposiu m  on Immun ity to the Bovine Respi ratory Complex)  recom mended 

the name bovi ne  vira l  d iarrh oea-mucosal disease ( BVD- M D) (Jensen et al. , 

1 968) . The ad hoc C o m m ittee on Te rmino logy for the A m erican Veterinary 

Medical Associatio n  Symposiu m  (1 971 ) also supported the name bovi ne vi rus 

diarrhoea - mucosal disease ( Timoney et al 1 988 ). Many reports ,  however sti l l  

co nt i n ue to  refe r to  t h e  d i s e ase as bovi ne d ia rrhoea  ( B D ) ,  b ovi ne  v i ra l  

diarrhoea ( BVD) , o r  m ucosal disease (MD).  

Th roughout th is thesis the vi rus is referred to as bovi ne  vi ral di arrhoea 

virus (BVDV) and the i n fect ion as BVDV infection .  The name m ucosal di sease 

(MD) wi l l  be used in l i m ited ci rcu mstances to indicate the c l i n ica l  featu res of 

BVDV i n fect io n ,  wh e n  p e rs iste nt ly  i n fected i m mu noto le ra nt a n i m a l$ are 
' 

superinfected with a cytopathic bi otype of BVDV in postnatal l i fe and develop 

the classical c l in ical syndrome associated with this i nfect ion .  

This brief review of  the lite rature consists of  a descript ion of the virus ,  

with specia l  reference to characteristics re levant to work i n  th is  thes is i ncluding 

the d isease sy ndro m e s  caused in catt le and ot her  speci e s  as a result of 

i n fecti o n ,  t h e  ep id e m i o lo g y  of i n fect ion  of catt le with B V DV a n d  contro l  

strategies.  

The virus. 

The genome of BVDV has bee n  shown to be an i n fectious ,positive 

single stranded RNA (Hafez and Liess, 1 972; Renard et al. , 1 985) .  The vi rion 
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cons ists  of  a core part ic le su rro u nded by a mem branous enve lope with 

numerous projecting knobs (Chu and Zee , 1 984). The subunits of the core are 

arranged i n  an icosahedral surface lattice o r  a cubic symmetry ( Maess and 

Reczko , 1 9 7 0 ) .  St ructu ral  po ly m o rp h i s m  for  BVDV part ic les h a s  be e n  

observed (Chu and Zee ,  1 984 ; G ray and N ettleton ,  1 987; Ohmann and B loch , 

1 982) .  

Tog et he r  with t h e  vi ruses of  swi ne  fever  and bo rder  d i sease of 

sheep, the BVDV belo ngs to the g e n u s  Pest iv i rus i n  the fami ly Togavi ridae 

(Westaway et al. , 1 985) . Currently , however, molecu lar features of the vi ral 

repl icat ion suggest that it is more appropriately classified as a member  of the 

fami ly Flavivi ridae (Col lett et al. , 1 988) .  

The vi ru s is read i ly i n act ivated by l i p id so lve nts such  as e ther ,  

ch lorofo rm and sodi u m  desoxycho late (He rmodson and Dinter, 1 962 ;  Hafez 

and Lie ss, 1 972 ;  Tan aka et al. , 1 968). The g rowth of BVDV is also i nh ibited by 

prof lav ine o r  acriflavi ne (Bri nton ,  1 980)  and it is inactivated by trypsi n (Hafez 

and Liess, 1 972). The vi rus is  suscept ib le to common disi nfectants such as 

ch l o r h e x id i n e ,  lyso l , i odop h o rs ,  a lde hyde and hypoch lo ri tes ( D uffe l and 

Harkness, 1 985) . 

The vi abili ty of BVDV u nder  various  physical co nditi ons  has been 

studied . The vi rus was rapidly i nactivated at 56°C in one hour (Tay lor  et al. , 

1 963) .  At 37oc inactivation occurred more s lowly with a total loss of viabi lity i n  

five days (Tanaka et al., 1 968). At room temperature (approximate ly 20°C ) , no 

sig n ificant drop i n  viral titre i n  24 hours has been observ ed (Cogg ins ,  1 964) .  

Successful i so lat ion of BVDV fro m blood after  a de lay of f ive days at room 

temperatu re (20°C) between speci men col lection and inocu lat ion i n  ce l l  cultu re 

has been  reported (Rae et al. , 1 987) . At a temperature of fou r  deg rees Celsius 

or less BVDV appeared to be stable for at least 35 days (Tanaka et al. , 1 968). 

The virus was fou nd to be viable at -20°C for six months i n  whole b lood and 

lymph n odes (Ssentengo ,  1 978) .  This author  also recovered in fectious vi rus 

from material stored for 1 6  months at -40°C.  BVDV withstood up to ten cycles 

of repeated freezing and thawi ng (Parks et al. , 1 972) .  

BVDV is stab le  ove r  a pH range f ro m  5. 7 to 9 . 3  with m axi m u m  

stabi l ity at p H  7 . 4  (Hafez and Liess, 1 972) . Stabi l ity with in  a p H  range from 

three to n ine has also been recorded ( Duffe l and Harkness, 1 985).  
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The vi rus i s  readi ly i nacti vated by u ltravi o let i rradi ati on .  A 20 watt 

germicidal lamp ,  at a di stance of 20 cm i nactivated the vi ru s completely after 

1 40 seconds of exposu re (Tanaka et al. ,  1 968).  lt was also i nacti vated after 

exposure to e ight microwatts per cm2 of UV i rradiation for 90 minutes (Phi l ip ,  

1 973). The stabi l ity and viabi li ty of BVDV in the natu ral farm envi ron ment has 

not been determi ned i n  detai l but i t  does not survive in the envi ron ment beyond 

1 4  days (Duffe l and Harkness, 1 985). 

Antigen ic properti es of BVDV have been determi ned. The virus does 

n ot haemag g lut i nate or h a e m adsorb red blood cel ls of b i rds  o r  mammals 

(Castrucci et al. , 1 968 ;  Hafez and L iess,  1 972) . Vi ral anti ge n s  have been 

detected by serum neutrali zation  (Gi l lespie et al., 1 96 1 ; Harkness et al. , 1 978) , 

i m m u nod i ff u si o n preci p i tat i o n  ( Da rby s h i re ,  1 96 2 ) ,  i m m u n of l uo rescence 

(Ferne l i us ,  1 964) , comp lement  f ixat i on  (Guteku nst ,  1 964)  and by enzyme 

l i nked i m m u nosorbe nt assay ( E L l  SA) (S ock et al. , 1 988; C h u  et al. , 1 985 ; 

Howard et al. , 1 985) . 

Al l  strains of BVDV show some deg ree of cross reactivity (Bol in  et al. , 

1 988; C astrucci et al. , 1 975 ; Gi l lespi e  et al., 1 961 ; Peters et al. ,  1 986) .  Both 

cytopath ic  and noncytopat h i c  vi ru ses reacted with f luoresce in conjugated 

serum g lobu li ns produced ag ai nst e ither  cytopathic or  noncytopathic vi ruses, 

but the f luorescence was more i ntense in the homologo us system (Fernel ius,  

1 964) .  M o n oc lona l  ant i body a nalyses have also demo n st rated antig e n ic 

re lationshi ps and difference s,  and a nu mber of strai ns of both the cytopathic 

and no ncytopathic bi otypes are now recognized (Bol in et al. , 1 988;  Peters et 

al. , 1 986). 

P ropagation  of BVDV i n  t issue cu lture was fi rst descri bed in 1 95 7  

(U nderdahl  e t  al. ,  1 957) . l t  was i n it ial ly propagated i n  pri mary bovine kidney 

and testis cel l  cultures (Gi l lespie et al. ,  1 960 ; Gutekunst and Malmqui st ,  1 963) . 

I so lates d i ffer i n  thei r  cytopat h i c  effects i n  ce l l  cu lture and are co m m o n ly 

g rouped as cytopathic or  no ncytopathic bi otypes. The cytopathi c strai ns cause 

an obvious  ce l l u lar deg e n e rati o n i n  a rang e of bovine ce l l s  g rown in vitro. 

Some strai ns mai ntai n the i r  cytopathogeni ci ty in  a wide rang e  of ti ssues whi le 

the  cytopat h og e n icity of  o the rs , changes  dur ing  passag e i n  the same o r  

di fferent ce l l  cu ltures (Ferne l ius and Lam bert ,  1 969).  
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S e nsi t iv i ty o f  a var ie ty o f  c e l l  m o n o l aye rs to B V D V  h as b e e n  

compared (Hoezinek, 1 98 1 ; Malmquist ,  1 968). The most extensively used cel l  

cultures for p ropagati on and i so lation of BVDV have been bovi ne foetal kidney 

ce l ls ,  bovine foetal testi cu lar cel ls, bovi ne embryonic spleen cel ls, bovi ne foetal 

l ung ce l ls ,  bovine foetal tracheal ce l ls ,  bovi ne e m bry o  skin- muscle cell l ines,  

hamster kid ney (HaK) cel l  l ines and h u man ce l ls resembl ing HeLa cel l  l i nes 

(Ferne l ius  and Lambert , 1 96 9 ;  G o ldsmit and Barzi lai , 1 975;  Horz inek,  1 98 1 ; 

Straver et al. , 1 983) .  

Identification of noncytopathic strains became po ssible when  a plaque 

i n h ibi t i o n  assay was e m pl oyed to detect noncytopath ic st rai ns  of BVDV 

(G i l lesp ie  et al. , 1 9 6 2 ) .  Th e assay was based on the p ri nc i p l e  of v i ra l  

i n terfere nce . I nte rfe re nce betwe en st rai ns of BVDV has be e n  re po rted 

( G i l lesp ie  et al. , 1 9 6 2 ) .  Cu lt u res became re s istant to c h a l l e n g e  with a 

cytopat h i c  s t ra i n  t h re e  days aft e r  i n fect i o n  w i th a noncytopath ic  st rai n 

(McKercher et al. , 1 968) .  I nterference has also been  reported between  BVDV 

and bovi ne entrovi ru ses (Schiff and Sto rz ,  1 972) . BVDV is also sensitive to 

i n hi bition  by i nterf eron (Bri nto n , 1 980) . An im munofluorescence test has also 

been used for detect ing and titrati ng no ncytopathic vi ruses (Fernel i us ,  1 964) . 

The presence of i nclusion bo dies in  cell s i nfected with BVDV in vivo 

a nd in vitro h a s  bee n repo rte d ,  but t h e i r  sp ecif ic ity m u st be q u e st io ned  

(H orzi  nek ,  1 98 1  ) .  Larg e  in t racyto plasmic  accu mu lat ions o f  ribosome- l ike 

par ticles have also been recorded at six to 1 2  hours post infectio n ( Ritchi� and 

Fernel i us, 1 969) .  

The disease 

I nfect ion of suscept ib le an i mals is by the oro pharyngeal route with 

primary repl icati on occu rring i n  the  tons i l  and ret ropharyngeal lymph nodes. 

Subsequent vi raemi a  spreads the vi rus to lymphoid ti ssue throug hout the body 

part icu larly m esenteri c  lymph nodes,  sp leen and Peyer' s  patches (Ohman n ,  

1 982 ) .  V i ral  a nt igen has bee n  detected i n  the  thymus, intesti nal crypts and 

v i l li ,  l ymph n odes ,  Peye r's patches ,  b ro nc hi , the  basal lay e r  of t h e  ski n , 

oesophagus and spleen (Kendri ck, 1 97 1 , Ohmann,  1 982). 

Macrophages are i nvolved i n  the uptake of BVDV and its i ntroducti on 

fro m the po rtal of e ntry i nto the  vascular and lymphatic syste ms (Truit and 
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Shechmeister, 1 973) . A high -titre, cell associ ated viraemia spreads the v i rus  

to various parts of the body resu lti ng i n  an extensive di stribution .  BVDV also 

repl icates i n  mononuclear p h agocytes (Ohm an n ,  1 983) . Other studies also 

revealed that BVDV infects and  repl icates i n  su bpopu lat ions of all the fou r  

m aj o r m o n o n uc lear  ce l l  g ro u ps i n  t h e  p e r i p h e ra l  b l o o d ; i . e . ,  T and  B 

lymphocytes, monocytes and n u l l cel ls; of these the B ce l l  populat ion makes 

o n ly a m inor  co ntribution (Oh man n et al. ,  1 987 ) .  Leuco paenia which occu rs 

duri ng infect ion of catt le with noncytopath ic st rai ns of BVDV is characteri zed 

by a sig nificant decrease in the  abso lute number  of bo th major subsets of T 

and  B ly m p h ocytes and ne u t ro p h i l s ( E I I i s ,  1 98 8 ) .  Catt l e  experi m e nta l ly  

i nfected with cytopathic strains of BVDV also h ave a trans ient decrease i n  both 

the percentage and abso lute number  of ci rcu lati ng T cells (Bol in  et al. , 1 985) . 

Sequelae of i nfect ion  de pend o n  ag e ,  and preg nancy status of the 

an imal and whether i t  is  a prim ary postnatal  i nfect ion with a noncytopath ic  

st rai n or  s u p e ri n fect ion  wi th  a cytopat h ic  st rai n of BVDV (Ames,  1 986; 

G rote lu esc h e n  and Mort i m e r, 1 988; Perdri zet et al. , 1 987) .  The disease 

s y n d ro m e s  cau sed by B V D V  i n c l u d e  B V D ,  M D, f o e t a l  d i sease  a n d  

re productive di so rders (Brown l ie , 1 985; Grote l ueschen and Mort imer, 1 988 ;  

Perdizet et al.,  1 987) .  

Bovine viral diarrhoea (BVD). 

T h e  majo rity (70-90%)  of i n fect i o n s  in sucept ib le adu lt catt le are 

subcl i n ical o r  a mild transi ent disease may occu r (Ames, 1 986 ; Brownl ie et al. , 

1 987;  Sh imizu et al. , 1 989) . However, the infec tion whether subcl in ical o r  not, 

wi l l  re nder the ani mals transient ly i mm u nosup pressed (Edwards et al. , 1 986 ;  

Nage le ,  1 984; Potgieter, 1 988) . 

T h e  c l i nical consequ e nce of BVDV i nduced i m m u nosuppress ion 

depends o n  several ci rcu mstances, such as e nvironmental or  managemental 

st ress and concurrent infect ion ( Potg ieter, 1 988) .  l t  has been suggested that 

BVDV may h ave a major  ro le  i n  t he  aet io logy of neonatal calf diarrhoea 

(Lambert et al., 1 974) and also may be an import ant respiratory tract pathogen 

(Potg ieter, et al., 1 984, Potgieter,  1 988) 

A n  ep idemic of BVDV infect ion  i n  a susceptib le c losed he rd m ay 

result in  c l in ical signs in  up to 25 % of catt le and fo l low an incubation  period of 

f ive to  seven days (B lood et al., 1 983) . S igns  i nc lude nasal and/or ocular 
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::i �:-; arg e. fe ve r, oral e ros ions o r  u lce rations ,  anorexia, mi ld depre ss ion  and 

::i.=..--lOea. M orbidity may be hig h but t he m ort ality rate is low (Bake r, 1 987) . 

-..::--� ed a- i mals  ge ne ral l y  deve lo p  diarrhoe a  two to four days fol lowi ng the 

: -�.::� of t-e disease and ne utrophi l ia, leucopaenia and vi raemia pe rsist for up 

:: - 5 days ( Brownl ie,  1 985 ;  Duffe l  and Harkne ss ,  1 985). Ani mals with acute 

=·-·= have ,e ucopae nia, are i m m u nosuppresse d  and may be more susce ptible 

:: s.ec onca� o r  concu rre nt bacteri al o r  vi ral d ise ase (Brown l ie ,  1 985) .  Such 

- :x ed i nf ec ti ons  have bee n re por te d  fro m  bot h fie ld and expe rime ntal work 

� �c m ay re p re sent  an i m portan t  sequ e l  of  acute BVD (Malmqu i st ,  1 968 ; 

�eg� iardc. 1 979 ;  Potgie te r et al. , 1 984 ; Potgie te r, 1 988). Synergism of BVDV 

&�·/:- Pasteurella haemo lytica a n d  the vi ru ses  of  parai nfluenza,  i n fe ct ious 

=·: ,· 1e rhi ..,o t rache iti s and respi ratory syncytial v i rus have bee n obse rve d  in  

'es:· r atory syndromes associate d  with the se age nts (Potgieter et al. , 1 985) .  

Pri m a ry post- natal in fe ct ion occu rs m ost commonly i n  catt le aged 

.:�c- six mcnths to two ye ars (Blood et al. , 1 983) .  Up to s ix months m ost of the 

e a· • e s a re p ro te cted by  mate r n a l  a n t i b o d y .  H owever ,  t he d u rat i o n  of 

11a:e rnally de r ive d  ant i body to BVDV in ca lves varies co n s ide rab ly  and 

d e;:-e nds on t he titre of the antibody in  the dam's se ru m and the colostru m ,  and 

ai s� the am o u nt of co lost rum inge ste d  (Kah rs , 1 98 1 ; Stober, 1 984) . Mate rnal ly 

c e;·.,e d an!i bodies usual ly decl ine to u ndetectable levels by six to 1 2  months of 

age ( Cori a and McC iurki n ,  1 978, House and Manle y , 1 973; Kahrs et al. ,  1 966;  

Ke;-d rick an d Franti , 1 974 ; Stobe r, 1 984). 

Re cove red ani mals de ve lop ne utra l iz ing antibody thre e  to fou r  wee ks 

fo llo wing in fe cti o n .  Once the ne utral iz i ng  ant i body reaches a pe ak,  which 

u st..;al ly occ u rs te n weeks post in fe ction ,  i t  re mai n s  h igh and is  associate d  with 

i m�u nity wh ich lasts for l ife (Bake r, 1 987; B rownl ie et al. , 1 987 ; Kah rs ,  1 966). 

Ca�le with lowe r  antibody titre s  howe ve r, may show e vide nce of subse que nt 

re infe ct ion by fu rther se ro logical re sponse s  (Brown l ie et al. , 1 987 ;  Coria and 

M c C i u rk i n ,  1 978) . Low ant ibody t i t res  can u ndoubtedly be ove rco me by 

massive ch al le nge with BVDV and by some live vacci ne s  (Brar et al. , 1 978) . 

The se rum neutralizat ion (SN) te st is a most usefu l tool for se ro logical 

i nve st igat i o n of t he he rd fo r BVDV infe ctio n .  H owe ver it is of l imite d  use for 

i n it ia l  diag n osis be cause affe cte d an imals may be negative in  the fi rst fe w days 

of acute i nfe ct ion (Litt le johns,  1 988) .  
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Mucosal d isease (MD). 

M D  occur s  spor adica l ly i n  catt l e ,  u s u a l ly between the age of s ix  

months and two year s. Less than five per cent o f  the  her d  is  affected, but the  

case fatal ity r ate appr oaches 1 00% (Duffel and Har kness , 1 985) .  

Since many attempts t o  exper i mental ly r epr oduce MD i n  nor mal cattle 

have fai led, the pathogenesis of the disease has r emained obscur e  for a long 

t ime.  The r esu lts of c l in ical observ ations and detai led vir ological i nvestigat ions 

have r evealed a consistent associat ion of cytopathic vir us with MD (Bar ber et 

al. , 1 985 ; Br ownl ie et al. , 1 984) . 

Ma l m q u i s t ( 1 9 6 8 )  s u g g e sted t h at M D  i s  a la te  s e q u e l  of  a n  

im munotoler ance established by in utero i n fectio n .  This hypothesis has been 

su ppor ted by m or e  r ece nt i nvest igat i o n s  ( N age le , 1 984 ; O h man n ,  1 9 88; 

Roeder and Dr ew, 1 984 ; Steck et al. , 1 980) .  Recently the d isease has been 

r epr oduced exper i me ntal ly in  per sistently i nfected catt le fo l lowing i nocu lation 

with cytopath ic vir u s (Bo l i n  et al. ,  1 985 ; Br own l ie  et al. , 1 984) .  However the 

pr ec ise  mec h a n i s m s  i nvo lved in the  pat ho g e nes is  of MD r e m ai n  poor ly 

u nder stood (Litt lejohns ,  1 988; Shimizu et al. , 1 989) .  

Both cytopath ic and noncytopath ic vir uses have been  isolated fr om 

i nd ividual cases o f  natur a l ly occurr i ng M D  (Bo l i n  e t  al. , 1 985;  Howar d  e t  al. , 

1 987 ;  McCiur ki n  et al. ,  1 985) and the two biotypes of BVDV isolated fr om MD 

h ave been  fou nd to be  c losely r e lated ant ig e n ica l ly (Howar d  et al. , 1 987) . 

Br ownl ie and other s  r eported that al l  per sistently infected cattle succu mbe d to 
• 

M D  wi th i n  two to  t hr e e weeks of be i n g  c h a l l e n g ed with a c lose ly r e lated 

cytopath ic str ai n  of vir u s .  BVDV iso lates ot h er than fr om M D ,  ar e a lmost 

a lways noncyto pat h ic ( Bar ber et al. , 1 98 5 ;  Br own l ie ,  1 985) .  lt has been 

postu lated that cytopath ic vir us conti nual ly ar ises,  possibly by m utat ion fr om 

t h e  n o ncytop at h ic v ir u s .  Th is  may acc o u n t  for t he  ant igen ic s im i lar ity of 

noncytopathic and cytopathic isolates fr o m  natur al ly occur i ng MD (Br ownl ie et 

al. ,  1 987 ; Howar d  et al. , 1 987). 

The cli n ical sig ns of acute and chr onic MD ha ve been extensive ly descr ibed 

(Ames, 1 986; Br own l ie,  1 985 ; Duffel and Har kness, 1 985; Gr otelueschen and 

Mortimer ,  1 988). The cli nical signs of MD develop appr oximate ly seven to ten 

days after exposur e  to cytopathic BVDV and pr ogr ess unti l  death super venes. 

Sudden death may , i n  fact , be the fir st cli n ical sign obser ved. Affected animals 



9 

typical ly succumb i n  th ree to te n days but may s u rvive for as long as three 

wee ks. The most promine nt cl in ical sig n is the appe arance of profuse ,  wate ry, 

foe t id diarrhoe a, which may co ntai n fre sh o r  clotte d  blood.  As the disease 

prog re sse s , de hydrat ion leads to se ve re we ight loss,  de pre ssion and de ath .  

Excessive sal ivation commonly occu rs as  a re sult o f  u lce ration of the gums, 

tongue and buccal mucosa. Erosions ,  also see n in t he nasal cavity and on the 

muzzle ,  le ad to crusting and a mucopu ru le nt discharge .  Erosions may also be 

pre se nt i n  t he conjunctiva, i nte rdig ital cle fts ,  and t he mucocutane ous ju nction 

of the vu lva or the pre puce .  Affe cte d animals may be reluctant to move due to 

l a m i n i t i s  a n d  coro n it i s .  In l actat i n g  cat t le m i l k  p ro d u cti o n de c re ase s 

dramatical ly. 

A s m a l l  p ropot i o n  of  catt le t h at h ave M D  do not d ie with i n  the 

e xpe cte d t i me frame and be come ch ron ica l ly  affe cted . The characte ristic 

diarrhoe a  may be inte rmitte nt. The se an imals ofte n pre se nt with chronic bloat ,  

we ight loss , nonheal ing ski n le si o ns, alope cia,  hype rke ratin ization ,  i nte rdigital 

le s i o n s ,  g ast ro i n te st i na l  e ro s i o n s ,  m u cocutane o u s  e ros ions  and se ve re 

e maci at io n (Stobe r, 1 984) . Catt le wit h ch ron ic  M D  may survive up to 1 8  

m o n t h s  a n d  u lt i m ate l y d ie fro m se ve re de b i l i t at i o n .  T he y  s h o u ld be 

dist ingu ishe d  from those calve s  bo rn pe rs iste nt ly i n fecte d  with noncytopathic 

BVDV , which are unth rifty and " poor  doe rs " fro m birt h .  Such calves may 

de ve lop MD but also may succumb to othe r in fe ctio ns ,  in which case sig ns and 

lesions of MD would not be see n. 

Patho log ical le sions are most obvious i n  the gastrointesti nal tract with 

smal l e rosions ,  large r are as of ne crosis and s loughe d  e pithe lium throughout 

t he t ract ( B ro w n l ie , 1 9 8 5 ) .  Le s i o n s  i n  o t he r  p a rt s  of  t he body i n c lude 

bronchopne umonia, s imi lar to that normally associate d  with bacte rial infection .  

Emphyse ma of the lungs,  hae morrhage s  i n  the e picardium and on the se rosal 

s u rface of t he i le u m have a lso bee n obse rve d  ( Ruth , 1 9 86) .  Exte rna l ly ,  

co ro n i t is  and in te rd ig ital  le si ons ,  characte ri ze d  by e pi the l ia l  ne crosis  wit h 

marke d  i nflam mation of the unde rlying de rmis are commonly see n .  In  ch ronic 

case s , t he ski n wi l l  be dry and rough .  De cu bital u lce rs and art h rit is of the 

carpal and knee joints occu r i n  chronical ly de bi l itate d  animals (Bi nkhorst et al. , 

1 983) .  

MD is only one of the cl in ical manife stat ions of dise ase produce d  as a 

re su lt of infe ct ion of cattle with BVDV. The re fo re a diagnosis of MD can justify 



1 0  

the need for a thorough i nvestigation of viro logical and epidemiolog ical facets 

of the d isease i n  the rest of the herd .  Usual ly the c l i n ical h isto ry ,  sig ns and 

virus isolatio n  ( from blood and/or t issues ) are useful criteria in the diag nosis 

of MD.  However, the resu lts of serological tests requi re carefu l i nterpretation ,  

because animals that develop M D  are a lways antibody negative (Bake r, 1 987). 

Infection of the foetus. 

C l i n ical ev idence acc u m u l ated fro m  stud ies  of natu ral outbreaks 

i ndicates that abort ions are a consiste nt f inding (Dow et al. , 1 956;  Olafson et 

al. , 1 946). Foetal i nfection at about 50 to 1 00 days of gestation may result i n  

foetal death fo l lwed by abort ion or  mummification (Done et al. , 1 980).  Abortion 

and early e mbryonic death with resorption are observed cl in ical ly as a repeat 

bre eder prob lem ( Roeder and Drew, 1 984 ; Roeder  and Harkness , 1 986) .  

H owever ,  expu ls i o n  of the foetus m ay occu r u p  t o  seve ral mon ths  aft e r  

infection (Kahrs, 1 981 ) . I n  more general terms BVDV appears t o  cause on ly a 

smal l  propo rtio n  of al l  abortions (Stober, 1 984). 

Persistent infection and im mu noto lerance to BVDV occu rs fol lowing 

i n fect i on  of  t h e  foetus befo re co m p lete maturat i o n  of  the foetal immune  

system. This occu rs with infection between 42 days and 1 25 days o f  gestation  

(Cori a  and McC i u rki n ,  1 9 78; Cut l i p  et al. , 1 980 ; McCi u rki n  et al. , 1 984 ) .  

P e rs i sten t  i n fe ct i on  fo l l owi ng  foe ta l  i n fect ion  appears to be associated 

exclusively with infections with noncyt opathic biotypes of BVDV (McCi urki n et 

al. , 1 985).  Catt le immu noto lerant to BVDV are persistently i nfected , viraemic 
. 

and constant ly shed virus into the envi ronment (Barb er et al. , 1 985 ; Browf1 l ie et 

al. , 1 987) .  

lmmunotolerance to BVDV has been confi rmed by a lack of  specific 

antibody in either  the deve loping foetus or in ani mals after birth .  The immune 

system is  not  fu l ly fu nctional before 1 25 days of  gestati on and in fection with 

B VDV up to t h i s  age resu lts in the v i rus becoming widely establ ished in the 

foeta l  t i ssues .  Subseq u e nt ly , a lt h o u g h  t he i m m u n e  syste m  matu res ,  it 

recog n izes t h e  virus as self and a state of  specif ic i m munoto lerance to the 

i nfecti ng noncytopathic virus deve lops.  lt i s  this tolerance , that al lows the the 

vi rus to persist i nto postnatal l ife . However, there is no evidence so far, fro m 

e it h e r  f i e ld o r  experime ntal  wo rk ,  t h at a pers istent  vi rae mia  occu rs wi th  

cy topath ic strains of BVDV (Brown l ie  et al. , 1 987 ; Coria and McCiurkin ,  1 978) .  

l m mu n otolerance appears to  be  specific to  the  infecting noncytopathic strain of 
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vi rus, because persistently i nfected  catt le are capable of recog nizi ng certai n 

epitopes of hetero g enous st ra i n s  of  BVDV and pro ducing specif ic ant ibody 

(Ho ward et al. ,  1 987;  Ruth ,  1 986) .  

Some of the persiste nt ly i n fe cted an i mals are stunted and u nthri fty 

(Barber et al. , 1 985 ; Kendrick, 1 97 1 ) ,  however ,  a proportio n  o f  the persistent ly 

i n fected a n i m a ls re mai n app a re n t ly h e alt h y  fo r several years and  l ive to 

matu rity o r  breeding age and can rep resent 0 .5- 2% of the herd (Cutl ip et al. , 

1 980 ; E rnst  et al. , 1 983; Howard et al. ,  1 986 ; Kah rs , 1 981 ; Meyl i ng ,  1 984 ;  

Sto ber ,  1 98 4 ) .  Potg iete r ,  ( 1 9 88 ) ,  s u m m a rized t h e  po stnatal seque lae o f  

persistently i nfected immuno to le rant an i mals : 

- t h e y m ay d i e  p r e m at u re l y f ro m s e co n d a ry i n f e c t i o n s  o r  

e nviro nmental stress ;  

- they have a high probabi l ity o f  developing M D ;  

- they co nstitute a n  im portant source o f  BVDV to the herd. 

Di ag nosis of persisten t ly i nfe cted an i mals has an epidem io logical  

significance . These an imals usual ly do not have SN antibodies or rare ly may 

have lo w t i t res.  False po sit ive react ions  becau se of i nterference fro m h igh 

t itres of  noncyto pathic v i rus i n  the s e ru m  sho u ld be taken into consideration 

(Baker, 1 98 7 ) .  V i rus iso lat io n is  i m p o rtant i f  co n t ro l  measu re s are to be 

co nside red. 

Foetal infections between 1 00 and 1 50 days of gestatio n can resu lt i n  

a variety o f  congenital defects ( Bi n kho rst e t  al. , 1 983) .  Cerebellar hypo p las ia 

is the most commo n ly observed malfo rmat io n . Occasional ly hydro cephalus ,  

hydranencephaly with or  witho ut cranial defo rmatio n ,  defective myel inatio n of 

the spinal  cord (Bad man et al. , 1 98 1  ; Done et al. ,  1 980 ;  Markso n  et al. , 1 976) 

and ocu lar defects such as lens opacity ,  ret inal atrophy or degeneratio n ,  optic 

neuritis and m icrophthalmia may be detected (Bi nkhorst et al. , 1 983 ; Bistner  et 

al. , 1 970 ; B rown et a/. , 1 975; Ward et a/. , 1 969) .  

T h e  co rrespo nd ing n e u ro lo g ica l  s ig ns  i n  t h e  l ivebo rn calves a re 

incoord i nat ion  o r  total i nabi l ity to  stand despite a no rmal  muscle tonus and 

sucki ng reflex ( Do ne et al. , 1 98 0 ;  Markson  et al. , 1 976 ; Sco tt et al. ,  1 973) . 

B l indness , nystagmus,  opi sthoto n u s  o r  t i lted h ead h ave also been obseved 

( K a h rs e t  al. , 1 9 73 ;  Markso n e t  a l. ,  1 9 76 ; Scott et al. , 1 973) .  G ro wt h  

retardat ion as well as thymic hypoplasia have been  described after BVDV was 
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i nocu lated i nto foetuses between 1 00 and 150 days of gestat ion (Brown et al. , 

1974; Done et a/. , 1980). 

Infect ion of foetuses with BVDV in  the late r stages of gestation after 

t h e  d e v e l o p m e n t of i m m u n o co m p et e n ce , r a r e l y  c a u s e s  c o n g e n i ta l 

malfo rmat ions .  Such calves may be normal at b irth  and have neutra l iz ing 

antibodies. These calves are not persistently i nfected and are resistant to later 

chal lenge (Casaro et al. , 1971 ; Muscoplat et al. , 1973). The presence of SN 

antibodies in  seru m  which has been col lected before the ingestio n  of co lostrum 

indicates that the calves were infected in utero duri ng the last t ri mester. 

Reproductive effects 

BVDV can cause various reproductive dysfu nct ions dependi ng upon 

the t ime of exposure to the vi rus  (G rotelueschen and Morti mer, 1988). BVDV 

has been associated with ovaritis in i nfe rt i le heifers (Ssentongo et al. ,  1980). 

Seronegative fe males ,  i nse mi nated with BVDV contami nated seme n ,  have 

requ i red i ncreased n u m bers of services per  concept ion .  Seroconversion to 

BVDV is a possib le requ i rement for pregnancy in these animals (McCiurk i n et 

al. , 1979). Decreased semen quality has been report ed in persiste ntly infected 

bul ls (Schultz et al. , 1982; Barlow et al. , 1986; Coria  and McCi urki n ,  1978). 

I n te rf e re nce wi th  fe rt i l i zat i o n  h as b e e n  reported w h e n  B V DV i s  

present i n  t h e  uterus o f  se ronegative fe m ales near the ti me o f  i nsemina tion 
' 

(G ra h n  et al. , 1984). Ova co l lected t h re e  days post i n s e m i nat i o n  fro m 

superovulated cows showed a 52% fert i l ization  rate for virus  t reated ani mals,  

compared to 81.6% fo r control  an imals.  N early ide ntical pe rcentages were 

obtai ned when e mbryo s were col lected o n  day 13 i n  anot h e r  p hase of the 

experiment (Grotelueschen and Mortimer, 1988). 

Infection of other animals with pestivirus. 

Althoug h  BVDV most commonly i n fects catt le ,  natu ral i nfect ion also 

occurs i n  sheep, g oats ,p igs,  deer and wild ruminants (Baker, 1987; Doyle and 

He usche le ,  1983; Nett leton and Herri n g , 1980). The vi ru s  h as also been 

iso lated from a batch of  equ i n e  se ru m ( H o rn e r, person na l  co m m u n icatio n ,  

1988). However natural infection  of horses i s  not known t o  occur. P resumably 

t h i s  v i ru s  o rig i n ated fro m contami nation wi th  i n fected bovi n e  seru m  duri ng 

p rocessing .  
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Border disease. 

Border di sease (BD)  of sheep also known as "Hai ry Shaker'' di sease 

(HSD) , was fi rst desc ri bed  i n  B ritai n i n  floc ks of the Welsh  bo rde r c ounties 

(Hug hes et al. , 1959). T h e  di sease is c harac terized i n  lambs by hairy bi rth 

c oats ,  poor g rowth and viabi li ty and c entral nervous system distu rbanc es wi th 

tre m o r  ( H a rt l ey and K at e r ,  1962). S im i lar c l i n ic al syn d ro mes have been 

desc ri bed i n  New Zeala n d  (Manktelow et al. , 1969), I re land (Hami lton and 

Donnel ly ,  1970), the Un ited States (Osburn et al. , 1972) and Austral ia (Barlow 

and Dicki nson ,  1965). 

Transmi ss ion studi es on BD we re c arri ed out by i njec ti ng a c rude 

suspensi on of brai n , spi na l  c ord and spleen from affected lam bs i nto ewes in 

e arly pre g n anc y . These  s tud ies establi shed the  i n fec t i o u s  natu re of BD 

(D ic ki nson and Barlow,  1967; Gardi ner and Barlow, 1972; Manktelow et al. , 

1969; Shaw et al. , 1967). 

Cu rrent ly ,  bord e r  d isease virus (BDV) is c lass i fied as a Pestivi rus 

whic h is antigenic ally re lated to BVDV and swine fever virus (SFV) (Plant et al. , 

1973). Although B DV i s  ant igen ical ly re lated to BVDV and SFV ,  it i s  also 

possible that BD is c aused by some strai ns of BVDV that are present in  both 

c att le and sheep popu lati on s  ( Barlow and Patte rso n ,  1982; H o rz inek,  1981; 

Nett leto n et al. , 1986). A n  associati on  between BVDV and B DV and the 

c l i nic al sy nd romes in  s heep has been demonstrated experi me ntally (Pi a' nt et 

al. , 1976) and affec ted lambs with BD can be sourc es of pestivi rus i nfec tion for 

c att le (Barlow et al. ,  1980). S h eep i nfec ted with BD had neutra li zing antibodies 

to BVDV and BDV (Barlow et al. , 1979). In addition BVDV and B DV may c ross 

i nfect between c att le and s h eep and BVDV readi ly crosses the p lac enta of 

ei ther speci es and i nd uc es c o mparable c ongenital defects (Gi bbons  et al. , 

1974); Terlec ki et al. , 1980). 

Congeni tal defec ts h ave been observed in  lambs, whose dams we re 

experi mental ly i nfec ted  wi t h  B DV at 54 days of gestat ion ( Bar low , 1980). 

Cerebel lar hypoplasia and dysmyeli nation of the c entral nervous system is a 

c harac te ri stic feature of B D  and may lead to c ongeni tal tremor i n  the newborn 

lambs (Barlow, 1980). 

I n fec ti on of ewes between 21 and 72 days of gestati on wi th BVDV 

resu lted i n  the birt h of pe rs i ste nt ly i nfected lambs (Terpstra, 1981 ). After 
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approximate ly 80 days of gestatio n  a l l  foetuses whic h  are exposed to B DV 

mount an effec tive immune response , e l im inate infec tion and their  presuc king 

sera c ontai ns  SN antibody ( Ro ede r et al. , 1 987) .  A pregnant ewe whic h  is 

i nfec ted duri ng preg nanc y  develops a h igh antibody titre, c lears the virus and 

is no longer a sou rc e  of BDV ( Sawye r et al. ,  1 986). BDV has been i solated 

from sec retions and exc retions of persistent ly infec ted lambs for many months 

afte r b i rth  ( Potts et al. , 1 985; S awye r e t  al. ,  1 983) .  Experimental stud ies 

demonstrated that infec ted lambs ,  at  one month of  age shed virus i n  suffic ient 

titre to infec t  ewes whic h  were i n  c ontac t  with them (Sawyer et al. ,  1 986) .  

In fec t i on  of  goats with B D V  o r  BVDV probably i nduc es a s im i lar 

pattern of disease , but there is very l i mited information in  the l iteratu re (Baker,  

1 98 7 ) .  C l i n ic al and vi ro log ic a l stud i e s  in other ru m i n ants have att rac ted 

i nvestigators on ly after c lin ic al s igns s im i lar to MD have been observed. 

Infection of pigs . 

A n t i g e n ic re lat i o n s h i p s  b e t w e e n  BVDV a n d  S F V  h ave b e e n 

demonstrated by ag ar ge l  d i ffu s ion  prec ip itat ion and immu nof l uo resc enc e 

(Darbyshire ,  1 962 ; Mengeling et al. ,  1 963) .  Pigs whic h  have been exposed to 

c e rtai n st rai ns  of BVDV or  S F V  c an deve lop neutral i z i ng ant ibody to both 

BVDV and SFV (Cort hier et al. , 1 974) .  I n  a group of  pigs whic h were exposed 

to a f ield strain of BVDV , moderate to h ig h  antibody t itres against BVDV and 

low c ross neutral izing titres agai nst S FV were detec ted (Stewart et al. , 1 97 1  ) .  

Antigenic differenc es between  BVDV and SFV in c ross neutrali zation 

studies were also observed. Some strai ns  of BVDV were more c losely re lated 

to S FV than we re others (Castrucc i et al. ,  1 975) .  Mo noc lonal  antibodies 

p roduc ed agai nst SFV and used in i m m u nope roxidase tests with strai ns  of 

BVDV did not rec ogn ize a number  of strai ns of BVDV (Wensvoort et al. , 1 986) .  

E xte n sive c ro ss reac tions were d etec ted when  five monoc lona l  ant ibod ies 

agai nst the NADL strain of  BVDV were tested with 1 2  hetero logous strains  of 

BVDV and fou r  st rains of SFV by i nd i rec t  immunofluoresc enc e assay. One 

antibody preparation reac ted with a l l  stra ins ,  two antibodies were spec ific for 

c ytopath ic strain s  of BVDV, but fai led to reac t  with SFV. The othe r  antibodies 

reac ted to varyi ng degrees with both stra ins of BVDV and S FV (Peters et al. , 

1 986) .  

Nat u ra l  and experi m en ta l  i n fec t i on  of p igs with BV DV has be e n  

rep o rted. Resu lts o f  su rveys h ave revealed that the prevalenc e  o f  naturally 
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occ urr ing  a nt ibod ies t o  BVDV i n  p i gs  ra nged  f rom th re e  to 40 per  c e nt 

( S n owd o n  a n d  F re nc h ,  1 9 7 6 )  a n d  1 5  % of s o ws s l a u g h t e re d  i n  t h e  

Netherlands h ad antibodies agai nst BVDV (Terpst ra and Wensvoort, 1 988). 

Transplac ental transmission o f  BVDV in sows without sig ns of disease in the 

piglets has been observed (Stewart et al. , 1 980) .  Pigs whic h  were exposed to 

B V D V  d u r i n g  i n t rau t e r i n e  l i fe m ay b ec o m e  p e rs iste nt ly  i n fec ted and  

responsib le  fo r  fu rt h e r  d isse m i n at ion  of B V DV a mong p igs  (Te rpst ra and 

Wensvoort,  1 988). BVDV is shed in sec retions and exc retions of infec ted pigs 

for three weeks (Ferne l ius et al. , 1 973). Most of the BVDV iso lates rec overed 

from pigs have been of the nonc ytopathic strai n (Fernel ius et al. , 1 973). Catt le 

are regarded as the sourc e  of infec tion of pigs with BVDV. Feedi ng pi gs with 

u nproc essed bovine offal and vacc inati o n with vacci nes c ontam inated with 

BVDV are also sou rc es of i n fec t ion .  Pigs in c lose c ontac t  wit h c attle have 

often  bec o m e  i n fec ted wi t h  BVDV (Stewart et al. ,  1 980; We nsvoort and 

Terpstra, 1 988). 

Experimental and natural postnatal i n fec ti ons of pi gs with BVDV are 

usually subc li n ic al exc ept fo r an occ asional m i ld pyrexia (Fenel ius et al. , 1 973) . 

Othe r  re p o rts  h ave desc ribed c l i n ic a l s ig ns  and post m o rtem les ions that 

c losely resembled c h ron ic swi ne fever (Mengel ing and Chevi l le ,  1 968) . 

Epidemiology of infection of catt le with BVDV. 

Transmission.  

The main sou rc es of  BVDV in the herd are either the ac utely infec ted 

ani mals o r  those whic h  are persiste ntly i n fec ted and shed the virus i nto the 

su rround ing  e n vi ron ment ( B o l i n  et al. , 1 985; Duffe l  and H arkn ess,  1 985;  

Heusc hele ,  1 978 ; Mc C iurki n et al. , 1 985). 

Trans m issi o n  may be d i rec t  or  i nd i rec t . I nhalat io n o r  i ng est io n of 

i nfec ted saliva, oc u lonasal d isc harge ,  u ri ne  and faec es are princ ipal means of 

infec tion (Brown lie et al. ,  1 987 ;  Duffe l  and Harkness, 1 985) . The major period 

of exc retion fo l lowing ac ute i nfec tion is fro m  about day four  to day ten ,  but the 

vi rus  may be recove red fro m n asal swabs up to about day 1 9  after  in fec tion 

(B rownl ie et al., 1 98 7) .  Faeces,  however, are poo r  sou rc es of v i rus even 

when there is severe damage to the gut ( Brownl ie et al. , 1 987) .  BVDV does 

not persist i n  the env i ronment beyond 1 4  days (Duffe l and Harkness, 1 985). 
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C l o se c o ntac t  of susc ept i b l e  a n i m als i s  nec essary fo r e f f ic i e n t d i rec t  

transmission. The attac k rate of  BVDV, whic h  has been c om puted to  be i n  the 

range between  0.002 to 0.06 per susc eptib le ani mal per day in g raz ing c att le ,  

i nc reases to 60% w h e n  s u sc ept ib le  an ima ls are ya rded ove r n i g ht with a 

persistently i nfec ted ani ma l  wh ic h  is  sheddi ng vi rus (Litt lejohns ,  1988). 

BVDV has bee n  iso lated from sheep, goats,pigs and wi ld ru minants 

and these spec i es may serv e  as rese rvoi rs (Bake r, 1987). B o rder  disease 

vi rus and BVDV have bee n  s h own experi mental ly to c ross i n fec t  between 

c att le and sheep ,  and s uc h t rans missi o n  may a lso occ u r  u nd e r  natu ral 

c ondit ions where these a n i m a ls are farmed together (Duffel and  H a rkness,  

1985; Nettleton ,  1987). 

Indi rec t  transmissio n may be through vehic les suc h  as c ontaminated 

feed and equ ipment or hu man bei ngs, who have c ontac t  with i nfec ted animals.  

T h e re is also t h e  pot e nt i a l  fo r t rans miss ion via c ontaminated hypodermic 

needles (Kahrs, 1981; Ohmann ,  1983; Roeder and Harkness, 1986). 

Tran s m i s s i o n  a l s o  m ay occ u r  t h ro u g h  i n fec t ed s e m e n ,  u teri ne 

sec retions,  am nionic flu id ,  or  p lac entae (Ssentengo et al. , 1980; Stober ,  1984). 

BVDV has been  rec overed from bovi ne semen from both persiste ntly i nfec ted, 

i m munoto lerant bu lls and ac utely i nfec ted bu l ls (Barlow et al. , 1986; Coria and 

Mc Ciurkin ,  1978; Meyl ing , 1988; Roeder and Drew, 1984; Sc hu ltz et al. , 1982; 

Whitmore et al. , 1977). H owever,  the epidemiologic al sign i fic anc e of semen

borne transmiss ion of BVDV has not yet been determined. 

Transplac ental i n fec ti o n  of the foetus is wel l  rec ogn ized (Done et al. , 

1980; Harkness, 1987; Ke ndric k , 1971; Malmqui st, 1968; Ohmann ,  1982). 

Various exper imental t ransmissions of BVDV indic ate that ora l ,  nasal ,  

i nt rat rac heal ,  i nt ravenou s ,  i nt ra m u sc u lar and  intrauteri ne ad mi n i st ratio n  of 

virus suspension results i n  i n fec ti on (Lopez et al. , 1982; Mi l ls  and Lug inbuh l ,  

1968; Ohman n ,  1983; Potg ieter et al. , 1984). The di sease has bee n  arti fic ially 

t ransmitted to c alves fol lowi ng i ntraperitoneal ( lP) i njec tion of a suspension of 

spleen whic h  was obtained f ro m a natu rally infec ted animal whic h  had been i l l  

for  2 months (Dow et al., 1956). Thomson and Savan (1963) s ucc e eded i n  

t ransmitti ng in fect ion to c alves b y  i noc u lati ng suspensions of  various  o rgans 

taken at postmort em fro m  c ases of muc osal disease. E xperimental i n fec t ions 
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with BVDV indicated that the v i ru s  crossed the p lacenta and infected the foetus 

with re markab le effic iency and foetal i nfect ion occu rs in about h alf of the  

pregnancies at risk (Casaro e t  al. , 1971; Kahrs , 1973 ; Harkness, 1987). 

Dis tribution of SN a ntibodies in  cattle populations. 

BVDV has a wo rldwide d is t ri but io n .  Sero log ical stud ies provide 

evidence of BVDV infection with seru m antibody prevalences i n  cattle rang ing 

fro m  n i ne up to 100% (Kah rs , 1981 ). The di stri buti on  of BVDV has bee n 

i nvest igated i n  a nu mber of cou ntri es .  Serolog ical i nvest igat ions i n  N o rth  

America i nd icated 50% to  90% of  c l i n ical ly no rm al catt l e  had neutral i z i ng 

antibody (Ernst et al. , 1983). I n  Britai n the disease was fi rst described on  35 

farms i n  1956 (Dow et al. , 1956). Since then Darbyshire (1962) exami ned 757 

se ra us i ng an immunodiffu s ion  test and fou nd that 30.6% of samples gave 

positive reactions. Over 4000 sera from dai ry catt le were tested by the serum 

neutralization test and 61% we re fou nd to be positive (Phi l ip ,  1973). I n  other  

su rveys of  catt le i n  E ng land and Wal e s ,  1593 sera we re exami ned by  the  

seru m  neutral ization test, and 62.2% showed a positive reaction (Hark ness et 

al. , 1978). 

The preval ence of ne utral i z i ng antibody i n  catt le surv eyed in  Africa 

ranged from 11.6 - 79.4% ; i n  E u rope fro m 9 - 1 00%;  and i n  the Middle East 

50% (Ab raham and Barzi lai , 1972). I n  Austral ia ,  60% of the surveyed catt le 

we re fo u nd to have n eutra l i z i n g  ant i b ody ( F re n c h  and Snowd o n ,  1964). 

Serolog ical su rveys of catt l e  i n  New Zealand fou nd neut ra l iz ing antibody to 

BVDV i n  4 1 -66% of those sam pled (Fasti er  and Hanse n ,  1966 ; Robinso n ,  

1971 ). 

The p reval ence of  n eut ra l i zi n g  ant ibody i n  the catt le popu lati o n  

reflects the proportion of animals that have been  exposed to the vi ru s  at some 

ti me  d u ri ng thei r l ife . The discrepancy between p revalence of antibody and 

the i ncidence of cl in ical disease i ndicates that most i nfections are subcl in ical or 

inapparent (Harkness et al. , 1978). However 1 - 3% of catt le in  the herd may 

not have neutral iz ing antibody and yet be  persistent ly i nfected and vi raemic. 

They are constantly shedding BVDV into the enviro n ment and act as the major 

res e rvo i r of the vi ru s in the h e rd even thoug h t hey m ay appear c l in ical ly 

healthy (Barber et a!. , 1985; Bol i n  et a/. , 1985; Cutl ip et a!. , 1980; E rnst et a/. , 

1983; McCiurkin et a!. , 1985; Meyl ing,  1984; Nett leton et a!. ,  1986). 
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The role of persistently infected immunotolerant an imals. 

When BVDV i s  i ntroduced i nto a herd the natural spread of the vi rus 

appears to b e  by di rect c o n tact betw e e n  ani m a ls .  T h e  m aj o ri ty of t he  

i nfecti ons  i n  s uscepti ble ad u lt cattle are subcli ni ca l  (Brown li e , 1 985) . The 

i ncu bati o n pe ri od of  fi ve to seven days i s  fo l l o wed by t ransi e nt fever, 

leucopaeni a  and vi raemi a for up to 1 5  days , and vi rus i s  present i n  nasal and 

lacri mal  secreti o ns and i n  u ri ne and faeces (Duffe l  and H arkness ,  1 985) . 

Recovery i s  accompani ed by the development of neutrali zi ng anti body, whi ch 

i s  general ly detected i n  seru m  at two to four weeks after i nfecti on and may 

provi de li feti me protecti on (Brown li e  et al. , 1 987; Kah rs et al. , 1 966) .  

As a result of pri mary exposure of cattle to BVDV wi thi n  the confi nes 

of a farm a l l  g roups of ani mals become i n fected . Thus, i ni ti a l spread of the 

vi rus may be fo l lowed by i mmuni ty and subsequent e li mi nati on of BVDV from 

t h e  farm.  W h e n  the  vi rus  h as bee n e li mi nated , and i f  t h e re i s  no new 

i nt roducti on of i nfected catt le ,  a herd can be becom e  vi rus f ree and , wi thi n  a 

generati on ,  anti body negati ve .  U nfo rtunately these anti body negati ve,  closed 

h e rds  a re hi g h ly suscepti b le  to  futu re i n fecti o n s  wi t h  B V D V .  lt i s  not 

u ncom mon for the i nfecti on to be i ntroduced by a recently pu rchased hei fer or 

a new bul l ,  wi t h  ei ther a transi ent o r  pe rsi stent vi raemi a. The chance of spread 

of BVDV i s  m uch greater wh en  the i ntroduced ani mal i s  persi stently i nfected. 

The presence of  such an ani mal mai ntai ns a conti nued sou rce of BVDV wi thi n  

the herd as opposed to a t ransi ently i nfected ani mal  whi ch wi l l  on ly  shed the 

vi rus from ten to 1 5  days. Bei ng effi ci ent transmi tters of BVDV, pe rsi stently 

i n fected ani ma l s appear to be a major  mechani s m by w hi ch t he  vi ru s i s  

m ai ntai ned i n  t he  catt l e  popu l ati o n ( B ro w n li e  e t  al. , 1 9 87 ; Roede r and 

Harkness, 1 986) .  

In some closed farms ,  replacement hei fers are rai sed separate ly from 

the adu lt stock. Wi th the wani ng of mate rnally deri ved i mm u ni ty they become 

anti body negati ve and hi gh ly suscepti ble to i nfecti on wi th BVDV. If there i s  a 

persi ste ntly i nfected hei fe r  i n  the g roup ,  the re mai nder of  t he  ani mals may 

becom e  tran si e ntly i n fected and t h e n  deve l o p  resi stance to  subseq u e nt 

i nfecti on .  If e xposure to BVDV does not occur  u nti l  after  the  h ei fe rs have 

become pregna nt then damage to the deve lopi ng foetus may occur dependi ng 

o n  the stage of  gestati on at whi ch i nfecti on occurred ( Roeder and Drew, 1 984). 

If persi stently i nfected cattle reach breedi ng age,  thei r  offspri ng may 

be persi stent ly i nfected and fami li es of persi stently i nfected cattle may develop 
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with in a herd (McCiurki n et al. , 1 979; Straver et al. , 1 983). Thus BVDV m ay be 

spread wit h i n  the he rd fro m g e n e rat i o n  to gen erat ion th roug h p e rs istent ly 

infected animals. 

The p resence of t hese  persiste ntly infected , immu noto le rant ,  v i rus 

shedd i n g  an i m a ls and t h e  c o nt i n o u s  p resence of suscept ib le  an i ma ls  are 

necessary for the perpetuatio n  of in fect ion in the herd (Littlejoh ns ,  1 988) .  The 

s ig n i ficance of  these i m m u n oto l e rant ,  pe rsistently in fected an i ma ls  i n  the 

epidemio logy of infect ion of catt le with BVDV has been only relatively recently 

recognized (Brown l ie et al. , 1 98 7 ;  Duffe l and Harkness , 1 985). 

The epidemiological role of cytopathic BVDV is close ly re lated to the 

pathogenesis of MD ( Fig. 1 - 1 ) .  Th ere is  st i l l  debate however,  ove r  from just 

where t h e  cytopath ic  strai n o ri g i n ates from i n  natu rally occu rri ng M D  i . e .  

exogenous in fection  or  endogenous by mutation from the non-cytopath ic strain 

(Brownl ie et al. , 1 987;  Litt lejoh ns ,  1 988) . 



F i g . 1 - 1 . Pathogenes i s  o f  Muc o s a l  d i sease ( Brownlie et a l . ,  1 9 8 7 ) . 
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Contro l  of infection with B VDV. 

General concepts of control. 

Ec o nomic losses assoc iated with i nfec tion of an i mals with BVDV 

. i nc lude abort ion ,  neonatal deat h  and subsequent MD in persistent ly i nfec ted 

p rogeny (Duffel et al. , 1 986) .  As ep idemio logic al fac tors vary fro m  herd to 

herd, and n ational statistic s o n  annual  i nc idenc e  are not known , no acc u rate 

esti mate of the c ost of the disease to the c att le industry in New Zealand c an be 

made. 

lt i s  feasible to c ontrol  establ ished BVDV infec t ion with in  a h e rd ,  but 

not to prevent its introduc tion  or spread (Roeder and Harkness, 1 986) .  l t  may 

not be prac t ic al to mai ntai n BVDV free herds bec ause of the mu lt iple routes by 

w h ic h  the vi rus may e n t e r  i . e . ,  c o ntac t  wi th  other ru m i n ants , pers istent ly 

i nfec ted replac ement c att le ,  c ontaminated semen , embryo transfer (there may 

be a pote nt ia l  fo r BVDV c o ntaminat io n of bovi ne foetal serum used i n  t h i s  

p roc edure ) ,  c ontam inated h y pode r m ic n eedles, use o f  modif ied l ive vi rus  

vacc ines i n  preg nant a n i m als ,  and  c ontam i nation of biologic al produc ts with 

adve ntitiou s BVDV (Baker,  1 98 7) .  Therefore ,  with the virus being so c om mo n ,  

there i s  always a risk o f  re i n fec t ion of  a herd from whic h i nfec tion had been 

previously e l iminated , with the possibi l ity of a muc h  higher and u nacc eptable 

level of endemic infec tion ( Litt lejohns, 1 988) . 

P rogrammes for preve nti on of i n fec t ion must be desig ned to fit the 

i ndividual type of farm operation  (dai ry , c alf raisi ng , feedlot , etc ) as we l l  as be 

c ompatible with the rest of the farm's an imal health and produc tion prog ram me 

( E rnst e t  al. , 1 983) . The c u rrent  c o nc e pt of the epide m io logy of  BVDV 

i n fec tion  ind ic ates c lear ly t h at ,  i n  breedi ng  herds, the primary aim o f  c ontro l 

should be the prevention of p renatal i nfec tion  (Harkness , 1 987) . Prevention of 

t ransplac ental infec tion m ay be ac hieved by ensuring that al l  breeding an i mals 

i n  the  h e rd are immune  befo re they are m ated (Baker,  1 987) . Contro l led 

exposu re of susc eptible c attle to persistently i nfec ted c attle to induc e  i m m u nity 

h as a lso  bee n suggested ( Li t t lejo h ns ,  1 9 88) .  Althoug h the prevent io n  of  

t ransplac ental infec tion is  an extreme ly c ritic a l  area of foc us for c ontro l ,  i t  i s  sti l l  

i m portant  to c ons ider the ro l e  of t h e  v i rus  in  c ausi ng i m munosupressio n ,  

partic u larly i n  stressed c att le .  Therefo re i t  would be advantageous t o  have 

establ ished immunity to BVDV in c alves before their arrival at a feedlot (E rn st 

et a/. , 1 983) .  
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The possible options. 

i )  De l iberate i nact ivity. Th is  i s  a n o n- i nterve nt ion opt ion ,  which is  

tenable only in  breeding herds when BVDV i nfect ion has spread 

rapidly through the herd stimu lat ing hig h leve ls of im munity. This 

pol icy has unpredictable conseque nces and provides only short 

term solutions i n  the absence of addit ional measures (Harkness, 

1 987) .  

i i )  R e m oval  of pers i ste n t ly i n fected  an i mals . Iden t i f icat io n and 

re m oval of  persistent ly i n fected ani m als followed by st ri nge nt 

p reca u t i o n s  t o  e n s u re l o n g  t e rm f reedo m f r o m  i n fect i o n  

(Harkness, 1 987 ;  Brown l ie ,  1 985) . 

Advantages of th i s  appro ach i nc lude e l im inati o n  of a co nti nua l  

sou rce of BVDV fro m the h e rd and avoidance of the losses 

associ ated with the deve lopment of fatal MD. 

i i i )  Art ificial active immu nizatio n  (vaccinat ion) .  

Prevention of  BVDV i nfecti on may no t be guaranted wi th the vaccines 

that are cu rrent ly avai lable (Ernst et al. , 1 983) .  Because of diffe rences in the 

deg ree of i m mu ne responsiveness to various strai ns of BVDV, vacci nes may 

have to co ntai n mo re than one strai n of the virus (Steck et al. , 1 980) .  BVDV 

vaccines are cu rrently avai lable as either modified l ive or i nactivated fo rms of 

vi rus (Baker, 1 987). 

a) Modified l ive vi ral (MLV) vacci nes. 

MLV vacci nes for BVDV were fi rst i nt ro duced in t he late 1 950s and 

m o st p ro d ucts contai ned the  Orego n  C 24V i so late (Kahrs ,  1 98 1 ; Neate n ,  

1 986 ) .  I m m un ity i nduced by MLV vacci ne  was regarded as bei ng relative ly 

so l i d  and affo rd i ng p ro tect io n for  t h e  l i fespan of most catt l e .  Sero logical 

studies i ndicated that v i rus neutra l iz ing ant ibody t it res i n  seru m  of natural ly 

i nfected and vacci nated catt le persisted at least three years without evidence 

of decli ne (Kahrs et al. , 1 966) . MLV vaccines have the advantage of achievi ng 

high levels of i mmunity without t he need for booster vaccinat ion (Baker, 1 987) . 

H oweve r an nua l  revacci nat io n  of cows d oe s  i nc rease t h e  t it re of colost ral 

antibodies and provides more protect ion for the newborn calf (Neaten , 1 986) . 
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Vacccinat ion of young cattle which have preexist ing neutraliz ing antibody titres 

of 1 :100 o r  g reater may not be efficacious due to neutralization of t he  vaccinal 

virus (Ernst et al. , 1983). 

V acci nat ion agai nst BV DV with MLV vaccine as a specific control 

procedure has proved to be controversial due to the questionable benefits and 

the possi b l e  r isk of i nducing MD or i ncreased mortal ity due to re spi rato ry 

d i sease i n  feed lot catt le  ( Ma rt i n  et al. , 1982; Ruth , 1986). E pidemics of 

disease , often with cli nical sig ns wh ich were si m i lar to MD have been reported 

fol lowing vacci nation with M LV vacci nes (Chennekatu et al. , 1967; Lambert ,  

1973; McKe rcher  et al. , 1968; Rosner, 1968). The early MLV vaccines caused 

occas iona l  M D  which was seen 10 to 20 days after  vacci nati o n , as well as 

abo rt ion  i n  both vacci nated catt le and no nvacci nated herdmates ( Lambert ,  

1973). With t h e  use o f  a l ive vacci ne the possibi lity o f  shedding of vi rus should 

also be cons idered ( Bake r ,  1987). MLV vacci nes retain a l l  t he  foetopathic 

potent ia l  of wi ld virus types and their use at any stage d u ring  p regnancy is 

contrai ndicated (Liess et al. , 1984). 

Possible causes of cl i nical disease fol lowing the use of M L  V vaccine 

may be ; u n atte nuated BVDV in the vacci ne ; i ncubat ion of BVDV in  the host 

an imal  at the  t ime  of vacci nat i o n ;  occu rre nce of d isease co i n cide ntal with 

vacci natio n; d isease fo l lowi ng vacci nat ion b ut caused by a strai n of BVDV 

othe r  t han t hat i n  the vacci ne; i m munosuppression  induced by the  vacci ne 

stra in  of vi ru s ,  resu lt ing i n  seco ndary i nfectio n ;  and i m m u nosuppresston  by 

stress at the t ime of vacci natio n ,  al lowing the vaccinal strai n of virus to cause 

d i sease (Baker; 1987; Neaton ,  1986; Potg ieter, 1988). Howeve r ,  the  most 

impo rtant exp lanation for t he occu rrence of M D  fo l lowing l ive vacci ne is that 

an ima ls  were pe rs istent ly i nfected and deve loped MD w h e n  th ey became 

superinfected with the vaccinal strain of the vi rus (Bolin et al. , 1985; Brown lie 

et a/. , 1984; Roeder and Drew, 1984). 

A m o re rece nt l y  deve l o p ed M LV vacc ine  wh ich  i n c o rpo rates a 

temperatu re sensitive strain of BVDV i nduces an antibody response and has 

not  bee n assoc iated wit h c l i n ica l  s ig n s  o r  leucopae n ia .  Because of i ts 

rest r ictive temperatu re of g ro wt h ,  th is  vacci na l  st rai n of vi ru s  d id not cause 

foetal in fectio n  (Lobmann et al. , 1984). Stahl  and others (1987) recommended 

adm inist ratio n  of l ive vi rus vaccin es to calves between six and ten m o nths old 

to p revent i nt raute ri ne i n fect ion  d u ri ng the i r  f i rst preg nancy. H owever the  
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i n d i cat i o n s  f o r  vaccin at i on m u st be c l e a r ly  def i n e d  a n d  vacc i n at i o n  

p ro g rammes m u st be p lan ne d  with an awaren ess o f  the ep ide m i o log ical 

i mportance of the particu lar m anagement system .  

b )  Inactivated B VDV vacci nes. 

An i n activated vacc i n e  i ncorpo rati ng  the S i nger  i so late was fi rst 

i nt roduced in 1982 (Neaton ,  1986). Inactivated vaccines have the advantage 

of be ing  safe fo r use i n  p reg nant an ima ls ,  and of not causing d isease or  

i m munosuppression .  H owever the inactivated vaccines have the d isadvantage 

of requi ring revaccinat ion to achieve protective immunity. Also the d u ratio n  of 

i m mu n ity may n ot be as l ong as that attai ned with  MLV vacci n e s .  The 

necessary schedules of i nject ion and othe r  costs have precluded thei r wide 

u sage in some co unt ri e s  ( L i tt lejo h ns ,  1988). Use of cu rre nt  i n act i vated 

vacci nes requ i res that a n i m als are revaccinated annual ly after being i n it ial ly 

vacc inated twice betwe e n  s i x  and ten m o nths  of age ( E rnst et al. , 1983; 

McCiurkin et al. , 1984). The adujuvant general ly used for inactivated v i rus  is a 

form of alumin ium hydroxide. Recently a new adjuvant " prolong " ( Diamond 

sc ient i f ic ,  U S A) has b e e n  d eve loped fo r  u se with an i n activated  vaccine 

(N eato n ,  1986). The vacc inated an imals had antibody t itres for at l east six 

months after receiving a s ing le  two ml  dose of " prolong " vacci ne (Thomas and 

Jones, 1 985). 
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Aim and scope of the present study. 

A relatively high prevalence of S N  antibody to BVDV in catt le in  New 

Zealand,  t he  occu rrence of sporadic cases of M D ,  a nd the appearance of 

c a l ves w i t h  some d e g ree of c o n g e n i t a l  d e fe cts suggests t h at BVDV i s  

u biqu itous  i n  t h e  catt le populat ion i n  th is cou ntry. However its mai ntenance 

and epidemio log ical features i n  dai ry catt le is complex and requ i res c lose r 

study before specific control strategies can be developed. 

The aim of this study was to invest igate aspects of the epidemiology 

of the i nfection in a herd of dairy catt le ,  re lating to the patterns of endemicity i n  

different age groups with in  the  herd and  the possible ways in which infection is  

maintai ned with in the herd. I n  an attempt to assess the mai ntenance of BVDV 

i n  com mercial dai ry farms u nder New Zealand condit ions , one typical dai ry 

farm with an average stock population was studied i n  detai l .  A large number of 

bo bby calves ,  which were co l lected fo r s laug hter  in a local abatto i r  fro m 

severa l  dairy farms in  the Manawatu Regio n ,  were also examined. 



CHAPTER TWO 

G E N E RAL MATE RIALS AN D M ETHODS. 

2.1 Gene ra l  materials and methods . 
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G e n e ra l  mater ia ls  and methods i nc lud i ng t h e  farm and methods 

app l ied and u sed in th is  study are described. Othe r  speci fic methods are 

described i n  t he  re levant chapters. 

2.2. The farm. 

The s pecif ic dai ry farm under i nvestigati o n  was in the Manawatu 

Reg ion  and o ccup ied 110 ha.  of river f lats wh ich we re su bdivided i nto 6 1  

paddocks (Fig . 2-1 ) .  lt was operated commercial ly by Massey U niversity on a 

town m i lk su pply contract . The herd co nsisted of 330 Holste in-Friesi an catt le. 

Replace ment h e ife rs we re bred and reared on the p ropert y  and bu l l  calves 

were so ld off t h e  farm after  reari ng to eig ht weeks of age .  The re were two 

calv i n g  pe ri ods  (aut u m n  and spri ng )  with t he  fi rst -calf he ife rs bei ng bred 

natural ly at 15 months of age whi le artificial i nsem inatio n (AI )  was used with 

the adu lts. B u l ls were i ntroduced to the adu lt cows s ix  weeks after AI  had 

com m e nced a n d  15% of the  adults calved to nat u ra l  s e rvice . Rotational 
. 

g razing was practiced throug hout the year. Heifer  calves born i n  autumn were 

kept together  as one group and moved to fresh paddocks ahead of the m i lking 

herd so that they had no di rect contact with older an imals.  Heifer calves born 

in spri ng we re d ivided i nto smaller  groups ( five to ten per g roup ) and were set 

stocked so that contact with o lder animals cou ld occu r when they shared the 

same paddock during the cycle of rotational g razing .  Fol lowi ng natural service 

o f  t h e  he i fe rs at 15 mo nths  of ag e ,  they were kept tog e t h e r  as a g roup,  

separate from the  adu lt an i mals, unti l they calved and were introduced i nto the 

mi lking herd .  
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2.3 Animals sampled. 
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The prevalence of S N  antibodies and viraemia with BVDV in a cross 

section of an i mals of different age was studied. Blood samples were co l lected 

from 1 6 1  of 1 82 ( 88 .5% ) adu lt mi lki ng  cows, and 20 of 69 ( 2 8 . 9 % ) 1 2  

months old heife rs.  

The g roup of 69 he i fe rs was also tested again when they were 1 5 , 1 6  

and 24 months of age. At each ti me 20 an imals were chosen from the g roup 

without any del iberate select ion .  

A cohort study was performed by sampl ing 21 /25 female calves ,  born 

in autumn 1 988, at one month i nterv als from one to four days of age up to 1 2  

months of age.  At the beg i n n i ng of the b lood col lect ion from the  coh o rt of 

calves the i r dams were a l so tested for co m par ison of mate rnal ly  de rived 

antibody titres.  

2.4 Col lection of blood samples from bobby calves. 

Blood samples we re co l lected fro m 58 bo bby calves wh ich were 

chosen without any de l ibe rate selection from approximately 1 000 bobby calves 

that had been  p resented for s laughter at a loca l abattoir. The samples were 

co l lected on the 8th and 9th of August 1 988 during the peak calvi ng pe riod for 

the Manawatu Region.  The age of bobby calves is theoretically not less. than 

fou r days. U nfortu nately it was not possible to know the precise age of these 

calves but it i s  un l ikely that many were much o lder than four  days. 

2.5 Collect ion and processing of blood samples. 

Blood was co l lected i nto ten m l  evacuated g lass tubes (Ve noject , 

Terumo, Japan )  and al lowed to clot at ambient temperatu re for approxi mately 

24 hou rs. The serum was re moved by centrifugation at 600g for ten m inutes, 

and a two ml a l iquot was sto red at -20°C u nt i l tested. A l l  sera we re heat 

i nactivated at 56°C for 30 m inutes before bei ng tested. 

Each blood clot was d isrupted by ext ruding through a steri le  ten  m l  

syringe into two m l  of  phosphate buffered sal ine (PBS) pH 7.2 and stored i n  a 

five m l  vial (Sterlin ,  Feltham, Eng land) at -70°C unti l  used for virus iso lation .  



2.6 Cell  culture technique. 

2.6.1 Propagation and maintenance of cell  monolayer. 
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Mad i n  Darby bovi n e  kid ney ( M D B K) ce l l  l ine (Obtained from I C I ,  

Coopers Ani mal Health . N .Z. Ltd . ,  Lowe r Hutt) was used for propagat ion of 

BVDV and for SN tests. The ce l ls were extensively tested for the presence of 

adve ntit ious BVDV by vi ral  i nterfere nce assay (V IA)  and fluorescent antibody 

test (FAT) with f luorescein conjugated anti-BVDV anti-serum before any assay 

was carried out. 

The M DBK cel l  cultures were routine ly propagated by seeding cel ls at 

a co ncentratio n  of 1 x 1 o5 ce l ls/m I i nto 75 cm2 p lastic t issue cu ltu re flasks 

(Cat .  No. 1 -537332,  Nunclon , l nterMed, Den mark) i n  20 ml volumes of g rowth 

mediu m  which consisted of M i n i m u m  E ssent ial M edi um (Eag le's modif ied) 

(Cat .  No.  1 0- 1 0 1 -20 ,  Flow Labo rator is ,  U . K . )  with the addit ion of 1 0% heat 

i nact ivated (56°C for 30 m i n utes) horse serum (Cat.  No .  200-605AJ , Gibco 

N . Z .  Ltd . , A uck land ) , 1 % of a n t i b i o t i c  s o l u t i o n  (pen ic i l l i n  1 00 u n i ts/ m l ,  

streptomyci n 1 0  mg/m l )  and 1 %  vitamin  so lut ion (Cat . No .  1 OK4651 , G ibco 

N . Z. Ltd . , Auckland) (PSK) , and i ncubated at 37°C. C onf l uent monolayers 

we re attai ned and the cel l s  were subpassag ed every five days and used at 

passage levels between 1 25 and 1 50.  For mainte nance of the ce l l  mono layers 

the horse serum concentration was reduced to two per cent v/v. 

Al l  work with the cel l  cu ltu res was carried out in a laminar flow cabinet 

(Model No.  C F  435 , Gelman Clemco PTY. Ltd . ,  Artarmon , N . S .W. Austral ia) 

u s i ng ase pt ic  tech niques in a roo m  reserved e xclusive ly fo r th i s purpose . 

Media,tissue cu lture flasks , m icrotitre plates and g lassware we re steri l ized by 

u lt rafi ltratio n ,  g amma i rradiat ion or  by autoclaving as appropriate. 

2.6.2. Trypsinization of confl uent monolayers. 

G rowt h  m edi u m  was decanted by suct i o n  and m ono laye rs were 

washed gently two t imes with ten to 1 5  m l  of steri le phosphate buffered sal ine 

( P BS )  pH 7 . 2  (Appendix 1 ) .  Tryps in i zat ion  was carried out with two ml of 

0 .05% trypsin solution in antibiotic-t rypsin -versene  (ATV) (Appendix I )  mixture 

for two m i nutes  at 3 7°C.  The  f lasks were s haken v igoro u sly to separate 

agg regates of cel ls befo re t h e  addit ion of e ight m l  of growt h  medium.  The 

s uspended cel ls  were dispe n sed e ither  i nto t issue cu ltu re f lasks o r  96-wel l  



31 

microt i t re p lates (Cat. No. 1 -6 7008, Nu nc lo n ,  l nterMed, De n mark) at 1 x1 o5 

ce l ls/m l  o f  g rowt h  medi u m .  The ce l l s  we re kept i n  suspe ns ion  by gent le 

shaking for two to three seconds and a 0.2 ml aliquot was re moved and added 

to 1 .8 ml of trypan blue so lut ion (Appendix 1 ) .  After thoroug h mixi ng ,  a volume 

of this solution  sufficient to fi l l  both chambe rs of Neubauer haemocytometer, 

was taken and the mean of the u nstained viable cel ls in the fou r  large squares 

was dete rmi n ed .  The n u m be r  of ce l ls i n  t h e  orig i nal  susp e n si o n  was then 

calculated . 

2.6.3. Preparation of pr imary cel l  cultures of bovine foetal lung. 

Bovi ne foetal lu n g  (B FL) pri mary ce l l  cu ltu res we re estab l ished as 

described by Goldsmit and Bariz i lai ( 1 975) . 

B ovi ne foetuses (30 to  50 cm long)  at approx imat e ly t h ree to fou r 

mont hs of gestation were o btained from a local abattoi r. Th e foetuses were 

t ran sported to the labo rato ry in  p lastic bag s and the l u n g s  we re removed 

aseptica l l y  wit h i n  one h o u r  o f  re moval of t h e foetuses f r o m  t h e i r  dams.  

Procedures for pri mary BFL ce l l  culture preparatio n were as fo l lows : 

i )  A po rtion of  the l u ng was re moved aseptical l y  and p laced i n  a 

ste ri le Pet r i  d i s h .  I n  the lam i nar  f low cabi n et the t issue was 

chopped f i n e ly wi th  crossed scalpe l b lades a nd frag ments of 

connective t issue were separated. 

i i )  The tissue was then  transferred to a trypsinizi ng flask and washed 

three ti mes with PBS conta in ing 2% PSK or u nti l the supernate 

was clear. The tissue was al lowed to stand i n  the last wash for 

three to five m inutes at room temperature (20°C) .  

i i i )  Trypsinizat ion  was performed by addi ng fresh ly prepared trypsin 

solution (0 .4% o f  w/v in  PBS) (Appendix I) and gently stirring for 

1 5  m inutes at 3 7°C .  Coarse d ebris was rem oved by f i l t ration 

through a ste ri l e  m etal sieve in a fu n ne l  and t he f i l t rates were 

col lected into ster i le centrifuge tubes contain i ng one m l  of horse 

seru m  fo r every t e n  m l  of t he  f i l t rate .  One o r  two further 30 

minute t rypsin izations and col lections were made to i ncrease the 

cell yield. 
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iv) Fol lowing centri fu gati on (500g for ten minutes) , the pe l let of ce l ls 

was susp e n d e d  i n  o n e  m l  of mod i f ied g rowth m edi u m  and 

shaken gently. Ni n e  ml of the same medium was added and cel l  

counti ng was p e rfo rm ed as descri bed i n  s ecti o n 2 . 6 . 2 .  The 

g rowth mediu m ,  consi sted of mi ni mu m  essentia l  mediu m  Eagles 

modi fi ed (Cat .  N o .  1 0- 1 0 1- 20,  Flow Labo rato ri e s ,  U . K . ) ,  1 5% 

horse serum whi ch was heat inactivated at 56°C for 30 mi nutes 

(Cat. No .  200-60 5AJ , G ibco , N .Z. Ltd . ,  Aucland ) ,  2% antibi oti c  

s o l u t i o n  ( p e ni c i l li n  1 0 0 u n i ts/m ! ,  s t rept o m y c i n 1 O m g / m l ,  

kanamycin 1 O mg /m l ,  2% vitam i n  solut ion (Cat . N o .  1 O K  465 1 , 

Gi bco , N . Z .  L td . ,  A u ckla nd) and 1 0 % so l u t i o n  o f  t ryptose 

phosphate (Difco Laboratories, Detroit , Michigan,  U SA).  

v) The ce l l  suspensi on was fu rther di luted in  growth mediu m  to obtai n 

a fi nal concentration  of 2x 1 o5 ce l ls/m! and dispe nsed i nto 75 cm2 

ti ssue culture flasks i n  20 ml  volumes. Flasks were i ncubated at 

37°C and the medi u m  was replaced at 48 hours after seedi ng .  

vi) The ce l ls  we re exami ned under t h e  phase co ntrast microscope 

(Olympus optical Ltd. , Tokyo , Japan) at ten or 20X mag ni fi cations 

for any cellular dege neration ,  rou ndi ng or  vacuo lization .  Flasks 

from each passage level were i ncubated and exami ned eve ry 24 

hours upto seve n d ays. At the fou rth passag e leve l  the cel ls 

were tested by  V I A  and di rect FAT for t h e  p re s e n ce o.f any 
' 

n oncytopathi c  strai n of BVDV. Detai ls of the procedures of both 

tests a re desc ri bed i n  2 .8 .3  and 2 . 8 .4 .  Batches  of cells which 

g ave negat ive resu lts in the above tests we re subpassaged i n  

1 75 c m 2 t i s s u e  c u l tu re f lasks (Cat . N o .  1 5 6 50 2 ,  N u n c lo n ,  

l nterMed, Den mark) prior to storage. 

vii )  At the fi fth passage leve l the cel ls were trypsin ized and cou nted 

a s  a l re ad y  d e s c ri b e d .  T h e  c e l l s  we re s u s p e n de d  at a 

c o nce n t rat i o n  o f  2 x 1 o 5 ce l l s/ m l i n  g ro w t h  m e d i u m  a n d  

c e nt ri fu g e d  ( 5 0 0 g  fo r t e n  mi n utes ) .  T h e  s u p e r n atant  was 

removed and  t h e  ce l l  pel let obtai ned from e ach  1 75 cm2 flask 

was resuspended i n  four ml of storage medi um ( 70% Mini mu m  

E s s e n ti a l M e d i u m ,  2 0 %  h o rs e  s e ru m  a n d  1 0 % di m et h y l  

su lpho xi de ( D MS O ) ) .  The mi xture was t ra n sferred i n  o n e  m l  

volumes to screw capped plasti c  ampoules, label led ,  p laced i n  an 
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insu lated box and sto red at 4oc fo r o ne hour, at -20°C for one 

hour ,  at -70°C for fou r  hou rs and i n  l iquid n itrogen (- 1 96°C) for 

l o ng te rm sto rag e .  The e st i m ated rate of coo l i ng was o n e  

degree Celsius per ten m inutes.  

When required , the ce l ls were thawed at 37°C in a water bath (two to 

th ree m i n utes )  and tran sferred to o n e  m l  of  g rowth medi u m ,  mi xed and 

transferred to eight m l  of the same medi u m .  The viable ce l ls were counted as 

described and subpassaged i n  the same m an ner  as indicated in  section  2 .6 .2 .  

Confluent mono layers we re observed after  fou r days and further passag ing 

was conducted as requ i red. Monolayers of BFL cel ls were used for iso lat ion of 

vi ruses between passage leve ls seven and ten .  

2.7. The serum neutral ization (SN) tes t. 

2.7 .1 . The cel l  culture. 

The M DB K  haploid cel l cu ltu re was used for the propagat ion and 

titration of  the stock vi rus and also for SN test procedures. 

2.7.2. Propagation and storage of the s tock virus. 

The NADL strai n ,  a cytopath ic biotype , of BVDV was obtained from 

t he Wal lacevi l le  Ani ma l  Health Labo rato ry ,  Lower Hutt. Worki ng stock was 

prepared by passag e of th is virus i n  M DBK ce l ls .  One m l  of the NADL' viral 

su spe n s i o n  as rece ived was i n o cu l ated o nto an M D B K  m o n o laye r and 

incubated fo r one hour at 37°C. Then  20 ml  maintenance medium (same as 

g rowth medium except the horse seru m  co nce ntration was reduced from ten 

per cent  to two pe r cent  in  vo lume)  was added and the ce l ls  were further  

i ncubated at 37°C.  With in  fou r  days a CPE was observed to involve 80% of 

the monolayer and t he ce l ls were frozen and thawed once. This suspension  

was desig nated stock vi rus ,  and was d ist r ibuted i n  one m l  vo lu mes i n  bijou 

bott les and stored at -70°C unt i l  requi red.  

2.7.3. Titration of the stock vi rus. 

The t itre of the vi rus in cel l  cu lture was determined by serial tenfo ld 

d i l ut i o n  of  t h e  stock vi rus  su spens io n in mai nte nance m edium .  This was 

performed in 96 we l l  tissue cu ltu re micro-tit re p lates in  1 00 ul volumes per we l l ,  
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fro m  1 o- 1 , to 1 o-9 with four  replicates of each d i lution .  The m icropipette t ips 

were changed betwee n  di lut io n s. S imi lar vo l umes of ce l l  suspens i o n  we re 

added and t h e  p late was cove red and i ncubated i n  a f ive pe r  cen t  C02 

atmosphere at  37°C for five days. Contro l ,  un infected cel ls were a lso i ncluded 

i n  the same p late .  The end  poi nt of the di lut ion series was recorded as the 

h ighest di luti on  exhibit ing CPE with total or  partial degenerat ion of the i nfected 

cel ls. The fi fty per cent end point titre (CCID50) was calcu lated by the Karber

Spearman method (Lennette and Schmidt, 1 979) .  

2.7.4. The S N  test procedure. 

Twofold serial di lutions  of sera from 1 :2 to 1 :2048, were made in 50 u l  

volumes of  maintenance med ium i n  96-wel l  t issue cu lture micro-tit re p lates and 

equal volu m e s  of vi rus suspensi o n ,  contai n i ng 100 CCI DSO were added to 

each serum d i lut ion. The virus serum mixture was held for 90 minutes at room 

temperature before 100 u l  o f  g rowth medium contain ing 1 x 1  oS cel ls was added 

to each wel l .  The plates were i ncubated in a 5% C02 atmosphere at 37°C for 

f ive days. C o nt ro l s  i n c luded with each test  were refe re nce pos it ive and 

negative sera, t itrat ion of the vi rus ,  test seru m toxicity for ce l l  cu lture co ntrols 

(test seru m  p lus ce l ls but w i thout vi ru s) and ce l l  contro l .  The t i t re of each 

seru m  was taken as the recip rocal of the hig hest di lution of test seru m  which 

completely i n hibited the CPE of the added vi rus. Sera which did not i n h ibit the 

CPE of virus at a fi nal 1 :4 d i lut ion were considered as negative . Evaluation of 

the precision of th is test i ndicated that results of repeated tests with reference 

positive se ra were always with i n  one d i luti on  to the right or left of the mean 

value. 

2.8. Isolation of BVDV from blood clots. 

2.8.1 . The cells. 

BFL ce l l  cu ltu res we re used for al l  atte mpts to iso late vi rus fro m 

blood clots . Low passages ( 7- 1  0) were used for inocu lat ion of samples.  The 

ce l ls  were g rown in 1 75 c m2 t issue cu lture flasks . The cell monolayer was 

trypsin ized , counted and di spersed i n  modified growth m edi u m  as described . 

Cells at a concentration of 2 x1 05/ml were distributed i n  48-we l l  t issue cu lture 

plates (Cat. NO. 3548, CoStar, Cambridge)  in  one ml  volumes per wel l  using a 

ten m l  pipette .  The plates we re then  covered and i ncubated i n  a 5% C02 

atmosphere at 3 7°C. After t h ree days, confluent mono layers were attained. 
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The g rowth medi u m  was removed from the plates by suct ion and 200 

u l  of each blood clot which has bee n stored at -70°C was added gent ly to a 

pai r of wells and incubated at 37°C for o ne hour. Then 0.8 m l  of m aintenance 

mediu m  (same as modif ied g ro wt h  med ium fo r BFL cel l  cu ltu re but with the 

horse serum concentrat ion red uced to 5% v/v) was added and the p lates we re 

covered and i ncubated i n  a 5 %  C02 at mosphere at 37°C.  Ce l l  contro l s  

(without addition of sample ) were a lso i ncubated in  the same manner. After  

th ree days the plates were exami ned u nder a phase contrast microscope at 

1 Ox magnification (O lympus Optical Ltd . ,  Tokyo, Japan) for possib le CPE.  The 

p lates were then frozen and thawed once and 200 u l  amounts from each wel l  

were transferred to fresh mono layers and simi larly treated. The procedure was 

repeated one further ti me.  Ce l l  cu ltures which fai led to show CPE afte r th ree 

passages were considered as negative for cytopathic BVDV. Cu ltures which 

were negative for CPE were tested for the presence of noncytopathic vi ru s  by 

VIA using the NADL strai n of B VDV. 

2.8.3. Viral interference assay procedure. 

The mediu m  was re m oved by suction and one of each pai r of we l ls 

was chal lenged by adding 50 CCI D50 of the NADL strain in  a 200 u l  volu me .  

The  p late was i ncubated at 3 7°C for o n e  hour  and  0 .8  m l  o f  m a i ntenance 

mediu m  was then added. Eac h  test procedure included test sample i nocu l um 

(challe nged and unchal lenged as  o n ly one  of t he  two rows was chal lenged with 

NADL) , contro l ce l ls  i nocu lated  o n ly wit h chal lenge virus (but not with test 

sample fluid) ,  control cel ls (without any i nocu lum)  and challenge vi rus titrat ion .  

Cultures were considered as i nfected with noncytopath ic  virus when 

comp lete CPE was i nd uced by t h e  NADL st rai n i n  inocu lated control  ce l l  

cu ltures but was suppressed o r  i n h ibited (with at least 20% interference) i n  the 

test cu lture. The cu ltures w hich were positive by V IA were co l lected i n  bijou 

bott l es  and sto red at  -70°C fo r fu rt h e r  test ing by FAT. Som e  of the V I A  

negative cultures were also tested by FAT. 

2.8.4. Direct fluorescent antibody test (FAT). 

The gammaglobul in fract ion of a batch of foetal calf serum which had 

an  a n t i - BVDV S N  ant i body t i t re of  2 . 4  ( Lo g  1 0 )  had bee n p re pa re d  a n d  
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conjugated wi t h f luoresce i n  i so th i ocyan ate by standard p rocedures .  Th is 

preparat ion gave specific  f luorescence with cel l  cultu res which were i nfected 

with cytopathic or noncytopathic strai n of BVDV but not with u ninocu lated cel ls 

o r  with cel ls i nfected with i n fect ious  bovi n e  rhi notracheitis viru s or  with Pl-3 

vi rus. 

Le ig hton tubes with cove rs l i ps were washed with 1 0% HC I ,  ri nsed 

with disti l led water, dried at 37°C and ste ri l ized by autoclavi ng .  

Two m l  volumes of low passage (passage leve l eight or  ni ne) BFL ce l l  

suspension contain ing 1 oS cel ls/m I i n  modi fied growth mediu m  were added to  

Le ig hto n tubes  with cove rs l i p s .  At t h re e  days post i n o c u lat ion  conf luent 

mono layers were observed and the med iu m  was removed by suction .  Test 

samples or the  NADL st rai n (50CC I D50) were added in 200 u l  volumes and 

the  tubes i ncu bated at 37°C fo r o n e  h o u r. Then 1 . 8 m l  of m ai nte nance 

medium was added and the tubes were sealed ai r tig ht and i ncubated at 37°C 

for 36 hours o r  unti l the fi rst s ign of cytopathic effect in  the positive contro l  was 

evident. Coverslips with non in fected cu ltu res were also incubated in  the same 

manner. 

The cu ltures on the cove rsl ips were fixed with two ml  of cold acetone  

a t  4°C for te n m i n utes .  The  acet o n e  was re moved by suct i o n  and the  

coversl ips were gently rinsed with disti l led water and air dried. They were then 

f looded with a 1 : 1 0 di lut i o n  i n  PBS of t h e  f luorescei n-conjugated anti-�VDV 

antiseru m for 30 mi nutes at room tempe rature (20°C) . The slides were then 

washed in two changes of PBS pH 7 .2  fo r 30 minutes with constant sti rri ng .  

F inal ly they were rinsed with di sti l led water ,  a i r  dried, and were mounted on a 

g lass s lide with equal vol umes of g lycerine  and double st rength of PBS pH 7.2 .  

S l ides  were exa m i n ed u s i n g  a f l u o rescent m ic roscope (Olympus 

Optical Ltd . , Tokyo, Japan with a darkfie ld condenser, i l l uminated by halogen 

bu lb 1 2V 1 OOWHA-L, with l ight  f i lte r KB-4 ) .  A 1 OX and/o r 20X magn ificatio n  

was used to observe t h e  fie ld  and i nd iv idual  cel ls as requ i red.  Positive cel l  

cu ltures showed clear cytoplasmic fluo rescence wh i le  the negatives showed 

no evidence of fluorescence. 



CHAPTER THR E E  
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The resu lts of reported serological studies i ndicate that various strains 

of cyto path ic and no ncytopat h ic st rai ns of BVDV are ant ig e n ica l ly  re lated 

(Castrucci et al. , 1 975 ; Gi l lespie et al. , 1 96 1 ; Peters et al. , 1 986 ; Wensvoort et 

al. , 1 989) .  Com m o n  serum neutral iz ing,  co mplement fi x ing and ge l  d iffusion 

p recip itat i ng ant igens  have been demonst rated in various st rai n s  of BVDV 

(Mag ar et al. , 1 988) .  Antigen ic diffe rences have also have been repo rted to 

exist (Fernel ius et al. , 1 97 1 ; l toh et al. , 1 984 ; Peters et al. , 1 986) .  These were 

d e m o n st rated by re lat ive ly lower  ant ibody t i tres in SN tests ,  variat ions i n  

i ntensity o f  f luorescence and by  panels of monoclonal antibodi es.  

Persistent i nfection and i m munoto lerance appear to be strai n specific 

(Bol in  et al. , 1 985) . While persistently i nfected catt le are tolerant to the specific 

st rai n of BVDV with which they are infected , they are capable of deve lopi ng 

low t i t res of neutral iz i ng antibody in response to i nfection with hetero logous 

strai ns of the virus (Brown l ie et al. , 1 987). Both cytopathic and noncytopathic 

biotypes, which a re antigen ical ly re lated, are i nvo lved in  the pathog e nesis of 

MD (Howard et al. , 1 987). N ot all persistently i nfected catt le deve lop MD when 

superinfected with cytopathic BVDV experimental ly (Corapi et al. , 1 988) and it 

is concluded that ,  for MD to occu r, the noncytopath ic and the cytopath ic strains 

must be antigen ically very si m i lar. 

The present invest igat ion was conducted to determine the sero logical 

re lationship between fou r New Zealand isolates of BVDV and the  NADL strain .  

The  NADL strai n was used as  the antigen in  SN tests conducted on catt le sera 

for t h e  epidem i o logical study. I f  New Zealand i so lates of B VDV we re on ly 

d i stant ly related antige n ical ly then  the use of the  NAD L st rain cou ld yield a 

larg e  n umber  of false negative resu lts. 
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Materials and methods 

The cel l  culture. 

MDBK ce l ls  at passage leve l 1 38 to 1 40 we re u sed in t h i s  stu dy .  

Detai ls of  the ce l l  cu lture p rocedure are described in  chapter two. 

The viruses. 

T h e  N A D L  st ra i n  ( o bta i n e d  f ro m  Wa l l acevi l l e A n i m a l  H ea l t h 

Laboratory ,  Lower Hutt) , strai n s  1 09 ,  5 1 0 ,  709 (noncytopathic stra ins iso lated 

from three calves with cerebe l lar hypoplasia) and the New Zealand cytopathic 

st rai n  designated as "BV D - M D BK" were al ready avai lab le  in the laborato ry .  

Di rect titration  was possible o n ly for the NADL and BVD-MDBK strai ns  wh ich 

had titres of 2x1  o7 CCID50/1 OOu l  and 2x 1 o6 CCID50/1 OOu l respective ly. 

The sera. 

i )  Rabbit ant i-BVDV anti-seru m .  Rabbit antisera agai nst NADL and two of the 

noncytopath ic st rai ns  ( 1  0 9 , 5 1  0) had been rai sed in  rabbits by 

g ivi ng them i n t ra m u scu lar  i njections  of each vi ru s ,  w h ich had 

been propagated i n  M D B K  cu ltures and b lended with an equal 

vo lume of Freu nd 's complete adjuvant. 

ii) Bovine sera. Fou r bovi ne sera,  wh ich were positive i n  the SN test against 

NADL vi rus ,  we re used i n  the cross neutral ization  test . Two of 

these sera had h ig h  titres (3.3) and the other  two had low t it res 

(0 .6 and 1 . 8 ) .  The refe re nce positive and negative sera wh ich 

were used th roug hout the epidemiological investigat ion were also 

included. 

i i i )  Pig sera. Pig serum again st strai n 709 was raised by i nt ranasal i nocu lation 

of 2 m l  of  vi ra l  suspe ns ion  (approximate t itre 1 0  7 CC ID50/ml ) .  

S e r u m  was p re p a re d  f r o m b l ood c o l l ec ted  28 days  p o st 

inoculation .  

SN test. 

Al l  sera were heat i nactivated at 56°C for 30 minutes. Serial twofold 

di lutions of each serum,  were d ist ri buted ,  in 50 ul volumes, i n  the we l ls  of 96-
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we l l  mi crot i t re p lates .  Equa l  vo lumes of v i ra l  suspension , contai n i ng 1 00 

CC I DSO,  were added to each wel l  and the  p lates  were i ncubated at roo m  

temperatu re for 9 0  mi nutes. 

Rabbit antisera to strai ns NADL, 1 09 ,  and 5 1 0 , pig antiseru m  to strain 

709 and the fou r bovi ne se ra were tested ag ai n st st rai ns NADL and BVD

MDBK. 

A 1 00 u l  volume of g rowth mediu m  contai n ing 1 oS cel ls/m I of MDBK 

was added to each wel l and the plates were i ncubated i n  5% C02 in air at 

37°C for five days. SN test procedures, ce l l  controls ,  titrat ion of the viruses 

and other procedures were carried out as described in  chapter two . 

R ESULTS. 

The resu lts are su m marized in Tab le 3- 1 . For each of the sera, the 

react ions with the  NADL st rai n of  BVDV are si m i lar to those with the BVD

MDBK strai n .  Any difference in titres obtai ned with one seru m against the two 

vi ruses was never more than two steps i n  d i luti on .  Th ree of the fou r  bovine 

sera gave identical reactions with each of the two vi ral strains. The two rabbit 

ant isera agai nst the noncytopath ic strai n 1 09 and 51 0 gave s l ig ht ly hig he r  

t i t res  agai nst BVD-MDBK than  against NADL bu t  these were sti l l  with in  two 

d i lut ions. 



TABLE 3 - 1 . 

Neut ralization of st rains o f  NADL and BVD-MDBK by rabbit and pig ant i - se rum 

raised against NADL ,  1 0 9 ,  5 1 0  and 7 0 9  s t rains , and a l s o  by bovine s e rum 

c o l lect ed from the dairy f a rm . 

V i ru s  

NADL 

BVD 

MDBK 

NADL 

2 . 7 *  

2 . 4  

Rabbit 

1 0 9  5 1 0  

2 . 1  2 . 7  

2 . 7  3 . 3 1 

* = ant ibody t i t re ( log1 0 )  

NT = not tested 

Ant i serum 

Pig Bovine 

7 0 9  2 0  2 5 1  2 1  1 3 4  

0 . 9  3 . 6 1 1 . 8  0 . 6  3 . 3 1 

NT 3 . 6 1 1 . 8  < 0 . 6  3 . 3 1 

4 0  
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DISCUSSION 

The resu lts of the current study with rabbit and pig antisera,  and also 

with bovin e  s e ra, wh ich were obtai n ed fro m  the dai ry farm , showed that the 

virus (or vi ruses) that el icited SN antibody product ion in the catt le popu lat ion 

in  N ew Zealand is se ro logical ly very s imi lar to the NADL strai n of BVDV. In 

other  studies SN antibody titres rangi ng from 0.6 to 3.3 were found i n  pig sera 

co l lected f ro m  the  fie ld and tested against the NADL strai n (Shu  personal  

commu nicatio n ,  1 989) .  

Because of  the cytopathogenicity of  the NADL strai n in  a wide range 

of ce l l  cultu res of bovi ne o rig i n ,  and the avai labi l i ty of both t he  vi rus  and 

sensitive cel l  cu ltures i n  the laboratory it was decided to use the NADL strain 

as stock v irus for the detect ion of SN antibody, and as a chal lenge virus in  vi ral 

i n t e rfe re nc e  as says fo r v i ra l  detect i o n .  Th is  study p ro vided addit i o nal  

i n formatio n ,  su pporti ng the hypothesis that NADL was approp riate to use as 

t he  cha l lenge v i rus for sero log ical and vi ro log ical studies o n  the prevalence 

a nd incidence of infection with BVDV in New Zealand. Strains  of BVDV, which 

were used in the previous i nvestigations on the prevalence of SN antibodies i n  

b ovi ne  sera i n  New Zea land we re C60F and  the  vacc i ne  strai n of  Bovax 

( Fastier and H ansen,  1 966;  Robi nson ,  1 97 1  ) .  

Ant i se ra rai sed by rabbit i nocu lation  and tested u s i ng the viruses, 

NADL and BVD-MDBK, indicated that they were antigen ically closely re lated. 

The NADL strai n was also neutral i zed by pig seru m  raised against the 709 

st ra in  of BVDV .  lt was n ot poss ib le to dete rmi ne the c ro ss neutral izat ion 

reactions  usi ng noncytopathic vi ruses, because these vi ruses requ i re methods 

other  than a d i rect SN test to determine antigenic relationships. The variations 

in t itres between the NA DL and BVD-MDBK strai ns of BVDV we re not more 

than two di l ut ions ,  which were with i n  the expected range of reproducibi l i ty of 

the SN test. Various strains of cytopathic and noncytopath ic  biotypes of BVDV 

are antigen ica l ly related (Castrucci et al. , 1 975;  Gi l lespie et al. , 1 96 1 ; Peters et 

al. , 1 986). 

The results of th is study showed that various strains of cytopath ic and 

n oncytopat h ic biotypes of BV DV iso lated i n  N ew Zealand are sero log ical ly 

re lated to the NADL strain of BVDV. Determination of how close the antigenic 

re lation  between various strains  of BVDV requi res fu rther investigation . 



42 

SUMMARY 

i )  The resu lts of cross neutra lizat ion tests using antise ra raised 

against different strains of BVDV, which were isolated in New Zealand , and the 

NADL strain i ndicated that they were antigenical ly closely related.  Therefore it 

is appropr iate to use the  NADL stra i n  of B V DV i n  furt h e r  stud ies  on the 

prevalence of SN antibodies and for viral detect ion in  cattle and othe r  animals 

i n  New Zealand . 

i i )  Identificat ion and characte rizat ion of the strai ns of BVDV is 

i m po rtan t  i f  c o nt ro l  i s  cons idered  by i m m u n izat i o n .  l t  m ay a l s o  h ave 

epide m io log ica l  sig n ificance in ide ntif icat ion of  pe rsistently i nfected animals 

with com plete o r  incomplete immunoto lerance . 



CHAPTER FOUR.  

Sero l o g ical studies on the epidemiology of infection  with 

BVDV in a dairy herd. 

INTRODUCTION. 
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The S N  test has bee n used to conduct sero log ical i nvestigat ions for 

anti -BVDV specific antibody i n  catt le sera (Gi l lespie et al. , 1 96 1  ). The SN test 

i s  an ideal test for the detection of neutral izing anti bod ies to specific antigens 

of diseases associated with viruses. Si nce most pri mary postnatal i nfections 

with BVDV are subc l i n ical the SN test has i mportant d iag nostic appl ications. 

The prevale n c e  of SN anti body in the herd is  an i nd icatio n  that the animals 

were expose d  to  t h e  vi rus at so meti me du r i ng t h e i r  l i fe . S N  ant ibody i s  

detectab le i n  s e ru m  at two t o  fo ur  weeks post i n fecti o n ,  a n d  may provide 

i m mu n ity last i ng f o r  seve ral years (Barber et al. , 1 9 8 5 ) .  Be ing ant ibody 

negative , however ,  does not necessari ly mean that the animals have never 

been infected with the virus. Antibody negative an imals may be persistently 

i nfected and s o u rces of i nfection to animals in close contact , thus mai ntain i ng 

the i nfect ion i n  t he  h e rd.  An i mals i nfected rece ntly may also g ive negative 

resu lts before the i r  seru m  antibody reaches detectable titres. Fu l ly susceptib le 

animals are a lso antibody negative. 

Alt h o u g h  the  SN test by itself may provide substant ial i nfo rmat ion  

about the ep idem io log ical status o f  the herd in  terms of BVDV infectio n ,  vi rus 

iso lat ion and tests  of pai red sera th ree weeks apart may be necessary i f  a 

specific control  strategy is to be i mplemented. 

T h e  o t h e r  feature to be con side red i s  t he  presence of m ate rnal ly 

derived ant ibody in calf  se ra. Calves may acqu i re SN antibodies from thei r 

dams (Cor ia a n d  McC iu rki n ,  1 978;  Kendrick and Franti , 1 974) and therefore 

the interp retat i on  of SN antibody titres i n  young calves is compl icated due to 

the presence of maternally derived antibody for some months after b irth .  

The sensitivity and specificity of the SN test has bee n dete rmined by 

compari ng t h e  test with in vivo i nocu lation of calves with the vi rus and the SN 
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test has been shown to be a good i ndicator of the presence of antibody against 

BVDV i n  bovine  seru m  ( Robson et al. , 1 960) .  

In  the present study the SN test has been standardized local ly to suit 

the avai lable strain of virus (NADL) and the ce l l  cu lture in  this laborato ry .  The 

reproducibi lity of the test has been evaluated by repeated tests with reference 

positive control serum ,  wh ich were conducted with every batch of tests.  

The epidemio logy of BVDV was studied in one dai ry farm by measuri ng 

specific SN antibodies i n  groups of  an imals described i n  section 2 .3 and 2 .4. 

Materials and methods. 

i )  T h e  farm , t h e  a n i m a l s ,  s a m p l e  c o l lect ion  and  sta ndard S N  

procedures have been described i n  chapter two . 

i i )  Statist ical a nalys is of serolog ical data. The se ro log ical data of 

each age g ro u p  we re c o m pared in a o n e  way an a lys i s  of 

variance and F test us ing the PANACEA computer prog ramme 

( P a n  L ive stock  s e rv ices  Ltd . ,  D e part m e n t  o f  Ag ri cu lt u r e ,  

U n ive rs i ty  o f  Read i n g  , E n g l and ) .  F o r  a l l  tabu l at i o n s  and 

calcu lations the titres were converted to log 1 0 values. 

R ESULTS 
. .  

Cross-sectional observations. 

SN antibody to BVDV was detected i n  the sera of al l  but four ani mals 

aged from 1 2  months to more than eight years ( Table 4-1 and Fig .4- 1  ) .  One 

antibody negative an imal was three years old , two were four  years o ld and one 

was eig ht years old.  Th ree bu l ls  int roduced to the farm for  natural mating , 

which were tested at the t ime of introduct ion to the farm and one month later, 

had ant ibody t it res of 3 . 0 1 , 2 . 4  and 2 . 4  respectively in bot h tests . There 

appeared to be a sl ight i ncrease with age i n  the  geometric mean titres of the 

g roups (Table 4-1 ) and more animals had hig her  titres in  the o lder g roups of 

an i mals up to the age of six to seven years and then a s l ight decl ine was 

o bse rved (F ig .4- 1 ) . However the dist ri but ion of anti-BVDV antibody titres i n  

t he  g roups o f  re p lacement  he ife rs a n d  adu lt cows we re not s i gn i f icant ly 
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different (p > 0 .05) . By chance,  1 6  of the replacement he i fers were bled and 

tested o n  several occasions from 1 2  to 24 m o nths of  age (Table 4-2) .  For 

most of these animals the antibody titre did not change significantly with time 

(i . e . ,  with in  the  reproduci bi l ity of the test) . However five ani mals had greater 

than four  fold rises in titre (numbers 3,5 ,7 ,8 and 1 0 ) .  



TABLE 4 - 1 . 

4 6  

Serum neut ra l i z ing ant ibody to BVDV in hei fers and cows from the s ame f a rm .  

Category 

he ifer 

he i fe r  

he i f e r  

he i fe r  

C O W  

cow 

cow 

cow 

Age 

(years ) 

1 

1 . 2 5  

1 . 3  

2 

2 - 3  

4 - 5  

6 - 7  

> 8 

Numbe r 

tested 

2 0  

2 0  

2 0  

1 9  

7 8  

52 

15 

1 6  

*po s i t ive = S N  ant ibody t i t re o f > 0 . 6  

* *  Log 1 0  SN ant ibody titre . 

Numbe r ( % )  Ge omet r i c  mean 

posit ive * t i t re ( SD ) 

2 0  ( 1 0 0 )  2 . 3 7 ( 0 . 6 3 ) * *  

2 0  ( 1 0 0 )  2 . 5 8 ( 0 . 7 3 )  

2 0  ( 1 0 0 )  2 . 6 4 ( 0 . 7 5 )  

1 9  ( 1 0 0 )  2 . 6 1 ( 0 . 4 1 )  

7 7  ( 9 8 . 7 ) 2 . 7 0 ( 0 . 5 4 )  

s o  ( 9 6 . 0 ) 2 . 7 9  ( 0 . 6 7 ) 

1 5  ( 1 0 0 )  2 . 9 7 ( 0 . 3 5 )  

1 5  ( 9 3 . 8 )  2 . 9 5 ( 0 . 5 4 )  



Fig .  4 - 1  

D i s t ribut ion o f  serum neut ra l i z ing ant ibody t i t re s  against BVDV in 

he i fers and cows on one fa rm .  
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TABLE 4 - 2 . 

S e rum neut ra l i z ing ant ibody t o  BVDV in a group o f  he ifers between 1 2  

and 2 4  months o f  age . 

Age at time o f  

H e i f e r  12 

numbe r 

1 2 . 7 0 *  

2 2 . 4 0 

3 2 . 1 0 

4 2 . 1 0 

5 2 . 4 0 

6 2 . 7 0  

7 NT 

8 NT 

9 3 . 6 1 

1 0  2 . 1 0 

1 1  2 . 1 0 

1 2  1 . 8 0 

1 3  3 . 3 1 

1 4  NT 

1 5  2 . 4 0 

1 6  1 .  5 0  

* L o g l O  S N  a n t ibody t i t re . 

* *  NT = n o t  t e s t e d  

blood c o llect ion ( months 

1 5  1 6  2 4  

2 . 7 0  NT * *  3 . 0 1 

2 . 7 0  3 . 0 1 N T  

NT 2 . 4 0 3 . 0 1  

2 . 4 0 2 . 7 0 NT 

3 . 6 1 3 . 6 1 NT 

3 . 0 1 NT N T  

0 . 9 0 0 . 9 0 3 . 0 1 

1 . 5 0 NT 2 . 4 0 

3 . 6 1 NT NT 

NT 3 . 0 1 N T  

NT 2 . 4 0 N T  

1 .  8 0  NT 2 . 4 0 

3 . 3 1 3 . 3 1 3 . 0 1 

2 . 4 0 2 . 7 0 3 . 0 1 

NT 2 . 4 0  NT 

2 . 1 0 2 . 1 0 N t  

49 
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Cohort of calves. 

Twe nty of 21 calves tested one to four  days after bi rth had titres of SN 

ant ibody  wi t h i n  fou r seri a l  d i l ut i o n s  of the i r  dams (Tab l e  4-3 ) .  O n e  cal f  

re mai n ed ant i body negat ive t h roug hout the period of test i ng.  The antibody 

t i t res  of the calves decl i n ed steadi ly  so that by the age of e ight  m o nths a l l  

ca lves we re negat ive and  re m a i n ed so u p  to 1 2  m o n ths  ( F i g . 4 - 2 ) .  The 

g e o m etric m e an t i t re of the  co h o rt at each mont h ly b leedi ng was p lotted 

agai nst age and the calcu lated reg ression l ine drawn (Fig .4-3) . The half l ife of 

specific passive anti -BVDV antibody was calcu lated using the l i near reg ression 

formula,  as fol lows : y = b + mx (where y = Log 1 0 titre of passive antibody, x = 

t ime ( i n  days) when tested, b = i nte rcept at the y axis ,  and m the slope of the 

l i ne )  was y = 2 .571 1 + (-0 .3741 )x .  In th is study the half- l ife was 25 days. 



TABLE 4 - 3 . 

Se rum neut ra l i z ing ant ibody to BVDV in the cohort o f  1 - 4  day old 

calves and their dams . 

C a l f  Serum neutra l i z ing ant ibody t it re ( Log 1 0 )  . 

number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

Geomet ric mean t it re 

Standard deviat ion 

Calf 

2 . 7 0  

3 . 0 1 

3 . 3 1 

2 . 1 0 

2 . 1 0  

3 . 6 1 

3 . 6 1 

3 . 0 1  

3 . 6 1 

2 . 4 0 

< 0 . 6 0 

3 . 3 1 

3 . 0 1 

3 . 6 1 

3 . 3 1 

3 . 0 1 

3 . 6 1 

2 . 4 0 

3 . 0 1 

2 . 1 0 

3 . 0 1 

2 . 8 5 

0 . 8 3 

Dam 

3 . 3 1 

3 . 3 1 

3 . 0 1 

2 . 4 0 

3 . 3 1 

3 . 6 1 

3 . 3 1 

3 . 0 1 

3 . 3 1 

3 . 3 1 

3 . 3 1 

3 . 3 1 

3 . 3 1 

3 . 3 1 

3 . 6 1 

3 . 3 1 

3 . 3 1 

3 . 0 1 

3 . 3 1 

3 . 0 1 

3 . 0 1 

3 . 2 2 

0 . 2 5  

5 1  



Fiq. 4 -2 . 

D i s t r ibut ion of serum neut r a l i z ing ant ibody t it re s  against BVDV in a 

cohort of 2 1  calve s . 
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F ig. 4 - 3 . 

S e rum neutra l i z ing ant ibody to BVDV in a cohort o f  2 1  calve s . 

0 = geometric mean t i t re 

vert i c a l  l ines represent one s t andard deviation . 

Y = 2 . 5 7 + ( - 0 . 3 7 4 1  ) X 
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Bobby calves. 

Of the 58 b lood samples from bobby calves at the local abattoi r o n ly 

36 (62%) had detectable SN antibodies aga inst BVDV. The range of titres was 

the same as that fo r g roups of an i mals sam pled on the  farm (< 0 .6  to 3 .6) , 

howeve r many more bobby calves had low titres or  were negative (Fig .4-4).  

The d ifference in d istr ibut ion of SN antib ody tit res betwee n  t h e  bobby calf 

group and calves or adu lts in  the farm was h ig h ly significant (p < 0 . 00 1  ) . 



Fig. 4 - 4 . 

D i s t ribut ion of serum neut ra1 i z ing antibody t it r e s  t o  BVDV in groups 

of catt 1e on the f a rm  and bobby ca1ves at an abatt o i r . 
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DISCUSSION. 

Because of its h igh immuno log ical specificity the SN test is often the 

standard ag ai n st which the specif ic i ty of oth e r  sero log ical p rocedu res a re 

evaluated (Bal lew, 1 986) .  Sensit ivity and specif icity of SN tests have been 

evaluated , and the SN test for BVDV is an exel lent indicator of prior infect ion 

with , and i m mu n ity to , BVDV ( Ro bson eta/. , 1 960) .  Neut ra l i z ing  antibody 

p reve nts BVD vi raemia and p lays a c ri t ica l  ro le in l im it ing primary BVDV 

infect ion (Shope et al. , 1 976) . A S N  titre of 0 .6  or  g reater has been regarded 

as i nd icat i ng eit he r  a previ ous  e ncounter  with BVDV or passive i m m u n ity 

(Lambert,  1 973 ;  Malmquist, 1 968) . 

I n  the  cross sectional study 9 7 . 1 %  of the replacem ent he i fers and 

adu lt cows we re found to have ant ibody to  BVDV. Th is  is h igher  than the 

p reva lence fo u nd i n  two earl i e r  stud ies carried out in  New Zealand wh ich 

detected antibody in  41 and 66% of the ani mals which we re suNeyed (Fastier 

and Hansen, 1 966;  Robinson ,  1 97 1  ) .  The prevalence of seru m  antibody in the 

h e rd is o n ly an  i nd icat ion t hat t h e  an i m a ls were exposed to the v i rus  at 

someti m e  duri ng  the i r  l ives. An i mals wh ich become i nfected after about six 

months  of age normal ly deve lop SN anti body by 1 4  days post infection and 

clear the vi rus  (Brown lie et al. , 1 987 ;  Harkness et al. , 1 987) .  Once immune,  

the an imal appears to have l i fe long resistance to disease caused by BVDV, 

but may show serolog ical evidence of subsequent rein fectio n  (Brownlie et al. , 

1 987) .  I n  our  p resent study, rises i n  antibody titre were obseNed in  five heifers 

between  1 2  and 24 months of age .  This may have been  due to col lecting the 

f i rst samp le  befo re the peak ant ibody t i t re h ad bee n  reac hed o r  may be 

evidence of re i nfect ion occu rri ng  during  the 1 2  month  period. For example 

heifer n umber seven had the same antibody titre on two occasions separated 

by fou r  weeks . However on  a t h i rd occasion , some eight months later, there 

was a de f i n i t e  r ise i n  t i t re s u g g e st i n g  re i n fect i o n  h ad occu rred i n  t he  

i nteNen ing peri od .  Previous workers have shown that peak antibody titres are 

reached by ten  weeks after i n it ia l  i n fection  and remain at the same leve l for 

about th ree years (Kahrs et al. , 1 966) . 

When different age g ro u ps on t h is farm were compared there was a 

smal l  i ncrease i n  geomet ric mean t i tres with i ncreasing age suggesting that 

periodic rein fection may have been occurring .  However statistical analysis of 

these resu lts indicated that the differences i n  t i t re were not s ign i ficant at the 

f ive percent leve l .  
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Fou r ani mals i n  the m i lk ing herd were identified wh ich did not have 

antibody to BVDV (titre <0.6)  and one which had a very low titre (0 .9) .  When 

these an imals were retested almost 1 2  months later ( results not  shown)  there 

was no c h ange  i n  t i t re . Fro m o u r  u nde rstand ing  o f  the b io logy of BVDV 

infections these animals are either  persistently infected and i m mu noto lerant o r  

they have some how escaped exposure t o  i nfection throughout the ir  l ives. lt is 

be l ieved t h e  seco n d  a lternat ive i s  h ig h ly u n l i ke ly  in th i s  herd where , o n  

se ro log ical evide nce , i nfectio n  has been s o  widespread.  Such pe rsi stently 

i nfected an i m als wou ld co nst itute a cont i nu i ng source of vi rus  in the  h e rd .  

Other investigators have fou nd that persistently i nfected animals make up 0 .5-

2% of the cattle popu lat ion (Ames , 1 986;  E rnst et al. , 1 983) . The nu mber  of 

animals in a herd which are sheddi ng vi rus as wel l  as the animal density are 

probably both impo rtant in  determin ing the rate of spread of infectio n  with i n  a 

herd. The attack rate for BVDV infectio n  has been computed to be between 

0.002 and 0.06 per susceptib le an imal per day for grazi ng catt le compared with 

60% when susceptible catt le were yarded overnight with a persistently i nfected 

animal (Litt lejohns, 1 988) .  

I n  the cohort study i t  was found that the antibody titre of calves' sera, 

except for that of one calf ,  reflected the titres of thei r dams. The one calf which 

was antibody negative remai ned so th roughout the 1 2  month duration of the 

study and had probably fai led to i ngest co lostrum from its dam duri ng the fi rst 

24 h o u rs of  l i fe . T h i s  t h e o ry i s  substant iated by two fi nd i ngs .  F i rst , as 

described in the next chapter ,  no virus was iso lated from this animal .  Secondly 

none of the  calves with which it was ru n n ing  seroconverted as would have 

bee n expected if it was a pers iste ntly i nfected , immu notolerant an imal. The 

fact that the antibody titres of al l  of the remain ing calves declined steadi ly over 

the fo l lowi ng months i ndicates that the antibodies detected i n  the ir  sera were 

maternal ly derived and not the resu lt of in utero i nfection .  Prior  studies have 

demonstrated that calves can acqu i re ant ibodies to BVDV f ro m  co lost ru m 

during the fi rst 24 hours of life (Brambe l l ,  1 970 ; Butler, 1 973). The esti mate of 

a ha l f  l i fe of  appro x i mate l y  2 5  days fo r mate rna l ly d e r i ved an t i -BVDV 

antibodies is simi lar to the est imates of Menanteau-Horta et al. , ( 1 985) for anti

BVDV a nt ibod ies and  Doug las et al. , ( 1 989)  for t he  decl i n e  i n  maternal ly 

derived lgG in  catt le. 

The ant ibody titres of t h e  calves had decl i ned to < 0 . 6  by th ree to 

eight months of age depending on their in it ial titre. This compares with other  
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esti mates of eight and a half and nine and a half months (Kendrick and Frant i ,  

1 974) and four  to 1 2  months (Coria and McCiurki n ,  1 978) .  Antibody responses 

to BVDV were not detected in any of the calves up to 1 2  months of age .  This 

may have been re lated to the management system on  this farm which led to 

autu m n  bo rn calves having litt le to no opportu n ity for close contact with o lder 

animals wh ich may have been a source of infect ion .  

The p revale nce of titres i n  the bobby calves (62%) was sig nificantly 

lower than that of t h e  cohort of calves on t he  farm (95%) at the same age.  

Many of the bobby calves had low titres o r  were negative (titres < 0.6) . Th is 

may i ndicate that many of these calves had i nsufficient i ntake of colostrum o r  

that t h e  da i ry farm wh ich we stud ied was not typical o f  oth e r  farm s i n  the 

reg i o n  wi th  respect to  t he  prevalence of BVDV i nfect ion .  G am mag lobu l i n  

leve l s  were l o w  i n  a l l  o f  t he  bo bby calf s e ra b u t  there was no  corre lation  

between titre o f  anti-BVDV antibodies and leve l o f  total gam mag lobu l ins ( data 

not shown ) .  

A sero log ical i nvestigation alone is not  always sufficient to  determine  

the cu rre nt status  of an an i mal or  grou p of an i mals with respect to  BVDV 

infect ion.  Presence of SN antibodies i ndicates that the animal was exposed to 

v i rus  at some t i m e  in the past when i t  was i m mu n oco mpete nt o r  that the  

antibodies were m aternal ly de rived . Iso latio n  of vi ru s is  usual ly requi red to 

determine the cu rrent status of infection and a second sample four weeks later 

may be necessary to d i ffere ntiate transient fro m persistent i nfect ion .  Such 

i nformation wou ld be requi red before a specific contro l  strategy was planned. 

In  the he rd in this p resent study the co hort g roup was sti l l  antibody 

negative at the final sampl ing at 1 2  months of age. U n less they are exposed 

to BVDV and become i mmune duri ng the subsequent 3 months they wi l l  enter 

preg nancy with a fu l ly  susceptible status.  Contact with persistently i nfected 

and shedd i n g  an i ma ls  at c rit ical stag es i n  p reg nancy cou ld  have seve re 

consequences (Baker, 1 987;  Duffel and Harkness, 1 985) . 
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SUMMARY. 

i ) N i nety seven per ce nt of t he  an i mals tested i n  t h e  herd and 62% of the  

bobby calves from the  abattoi r had S N  antibody. The  geometric 

mean titres of different age g roups s howed a sl ight i ncrease with 

age from o n e  to f ive years of age and t h e n  decl i ned in o lder  

animals. 

i i )  There was no statistically sig nificant diffe rence in S N  antibody distribution i n  

mi lk ing cows (97%),  replacement he ifers ( 1  00%) and one t o  fou r  

day old calves (95%) at five percent leve l .  

i i i )  The  prevalence of SN anti body in  the sam pled b o bby calve s from the 

abatto i r  (6 2%) was s ign i f icant ly  l owe r ( p  < 0 . 0 0 1 ) t han  t h e  

animals tested on the specific dai ry farm (95%, 97% and 1 00%) . 

iv) Maternal ly derived antibody in one to fou r  days o ld calves,  at titres s imi lar 

to that of the i r  dams, i ndicated that efficie nt transfer of antibodies 

from cows to thei r calves occurred. Levels decli ned steadi ly and 

SN antibody was undetectable by the age of e ight months. The 

half- l i fe of the mate rnally de rived antibody was calculated fro m 

the regression l ine ( y = 2.571 1 + (- 0 .3741 )x ) to be 25 days. 

v) The  resu lts of repeated sample co l lect ion  and test i ng from replacement 

heifers supported the hypothes is  t hat re i n fection with BVDV of 

animals with lower antibody t it res occu rs and resu lts in  i ncreasing 

antibody titres. 



CHAPTER FIVE 

Virological  studies on the epidemiology of infection with 

BVDV in a dairy herd. 

INTRODUCTION. 
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The d isease caused by i nfect io n with bovi n e  v i ral d iarrhoea v i rus 

(BVDV) was fi rst recogn ized i n  associatio n  with epidemics of  acute and often 

fatal d isease characterized by d iarrhoea and e rosive lesions of the digestive 

tract (Oiafson et al. , 1 946) .  The aet io log ical connection  between BVDV and 

the recog n ized di sease syndro mes was established when a cytopathic virus 

fro m a calf t hat had di ed from vi ru s d i a rrhoea was i so lated in ce l l  cu ltu re 

(G i l lesp ie  et al. , 1 960) . Si nce the n seve ra l  stra ins of cytopath ic and non 

cytopathic biotypes o f  BVDV, most of wh ich were antigenical ly closely re lated,  

have been iso lated (Coria et al. , 1 984 ; Heusche le ,  1 975 ; Roberts et al. , 1 988) . 

Whi le the presence of cytopath ic biotypes is read i ly recogn ized in  ce l l  

cu lt u re by  the ce l l u la r  de ge n e rat i o n  w h ich  they cause ,  the presence of  

noncytopathic strains is less readi ly detectab le.  Vi ral i nterfere nce assay (V IA) 

(G i l lespie et al. , 1 962) , antigen detect ion by f luorescent antibody tests (FAT) 

(Ferne l ius ,  1 964) or immunoperoxidase stain i ng (Hyera et al. , 1 987) have _bee n  

successfu l ly used to detect noncytopath ic biotypes of BVDV. Both cytopath ic 

and  n o n cytopath ic  b iotypes are capab l e  of i nduci ng d ise ase i n  i nfected  

ani mals (Straver et al. , 1 983) .  

I n  an imals which are i nfected with BVDV, vi rae m ia  may be e i t h e r  

t rans ient  or  persiste nt. Trans ie nt vi rae m i a  resu lts from a p rimary postnatal 

i n fect ion and lasts fo r o n ly about  two weeks (Brownl ie  et al. , 1 987) .  When 

ant ibody is produced , i t  pers ists for  l i fe  and i s  thought to protect the animal 

f ro m  re i n fecti o n  with BVDV ( Ka h rs ,  1 96 6 ) ,  h oweve r t he re is  evide nce t hat 

rei nfect ion occurs i n  some animals which show e levatio n  of previously stable 

or decl i n i ng antibody titres ( Chapter fou r ;  Roeder and Harkness, 1 986) .  

Intrauterine infect ion at appropriate stages in  gestat ion may resu lt i n  

i m mu noto le rance a n d  a v i rae m i a  wh ich pe rsists th roug hout postnatal  l i fe .  
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Persistently i nfected an imals, althoug h  few in  n um be r, maintain the vi rus in  a 

popu lation .  Approximate ly one to three pe rcent o f  the an imals i n  a herd may 

be ide nt i f i e d  as be i ng  persi ste nt ly i n fected ( E rnst et al. , 1 983) . I nfect ion  

spreads rapidly to  susceptible cattle which are i n  close contact with persistently 

i nfected a n i ma ls .  T h i s  is i n  contrast to t h e  i n eff ici e nt t ra n s m iss ion  from 

t ransie nt ly i nfected catt le ,  and reflects the  h igher titre of vi rus i n  secretio ns ,  

and the  d u rati on  of vi rae mia and shedd ing  by persistently i n fected ani mals 

(Roede r  and Harkness, 1 986) .  BVDV was isolated repeated ly over more than 

three years from blood and several secretions of a bul l ,  which was persistently 

infected (Coria and McCiurkin ,  1 978) . 

This present study concerns the iso lation  of BVDV from cattle i n  the 

dai ry h e rd wh ich was previously stud ied sero log ical ly (descri bed i n  chapter 

fou r) and e mphasises the detection of pers istent ly i nfected an imals and the i r  

poss ib le ro le i n  the mai nte nance of i n fect ion with in the herd .  The sensitivity 

and spec i f i c i ty of t h e  meth ods used fo r v i r us  i so lat i on  have a lso been  

evaluated . 

Materials and methods 

Col lect ion of samples. The dai ry farm u nder i nvestigat ion and the methods for 

co l lecti o n  of samples have been descri bed in  chapters two and fou r. Blood 

clots were stored at -7o0c unt i l  they were processed for vi rus iso lation .  

Cel l  cu ltu re . Bovine foetal lung (BFL) primary cel l  cu ltu res were established as 

described by Go ldsmit and Barzi lai ( 1 975) . 

P re parat ion  of pr imary BFL ce l l  cultu res was p e rformed by t issue 

cu ltu re p roced u re s  d escr ibed in chapte r  two . The ce l l s  we re tested for  

adventitious  BVDV by vi ral interference assay and immunofluo rescent antibody 

tests at the  fourth passage leve l .  Batches of cel ls which gave negative resu lts 

in the above tests were su bpassaged and were used at the seventh to tenth 

passage level for i nocu lation of b lood clots in  attempts to iso late BVDV. 

Results 

Cytopath ic  BVDV was n ot det ected i n  any samp le .  Twe nty one 

samples  (6. 1 %) were positive when tested by V IA .  When the positive samples 

we re tested by FAT 1 5  samples we re fo u nd to  be posi t ive in both tests. 
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Sixteen of the 2 1  animals from which virus  was isolated at the in itial sampl ing 

we re sampled a second t ime after 1 2  months .  V i ru s  was iso lated from the 

second sample co l lected from five of  t hese  an i m als .  The results of vi rus 

iso lation  and the sero logical status of the 21  an i mals is shown i n  (Table 5-1 ) .  

The S N  ant ibody t i t res i n  t he  f i rst test ranged fro m < 0 .6  to  2 .  7 

(log 1 0 ) .  Animals which were vi raemic at th is  sampl ing had titres ranging from 

< 0.6 to 2 .  7 whi le ,  of the five that were sti l l  v i raemic at the second samp l i ng ,  

the t it res ranged from < 0 .6 to  1 .8 .  One ani mal  wh ich had a titre of < 0 .6  and 

was vi ru s  posit ive at the fi rst sam p l i ng  was not avai lab le fo r the second 

sampl ing .  Thus of  the 1 6  ani mals which were tested twice , 1 1  showed a rise in  

titre , and vi rus was not isolated from them at  the second sampl ing. 

The ag e of vi rae mic  an ima ls  var ied fro m o ne to more than e ig ht 

years . However most ani mals were betwee n  two and five years o ld .  One  

ani mal ,  frem which vi rus was iso lated and had a titre of < 0 .6 ,  was eight years 

o ld (Table 5-1 ) .  

The " com parative sensit ivity and specificity" of  V IA and FAT we re 

evaluated. The 26 samples wh ich were pos itive i n  the VIA and a furthe r  6 7  

samples wh ich gave negative results were tested by FAT (Table 5-2 ) .  

Trad itio nal ly  the sensitivity and specif icity of  a test is obtai ned by 

compari ng the  resu lts of t he  test wi th  a m o re defi n i te test (bench mark) . 

H owever  i n  t h e  p resen t  study a s l i g h t l y  d i ffe re nt  approach was take n .  

Although the FAT could have been considered the " benchmark " on  which to 

calcu late the sensitivity and specificity of the V IA ,  it was decided to use both as 

" be nchmarks ". 

The  V IA had a sensit ivity of 8 6 . 9% ,  a specificity of 9 1 . 4% and a 

predict ive value of  76 . 9% when co mpared with the FAT. The FAT had a 

se ns it ivi ty of 76 .9%,  a specificity of 95 .5% and a predictive value of 86 .9% 

when co mpared with the VIA. When the resu lts of  both tests on the total 93 

samples were compared there was 88.4% ag reement for positive samples and 

95. 7% ag reement for negative samples. 
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TABLE 5 - 1 . 

Detect ion of virus and neut rali zing ant ibody in blood o f  cat t le . 

First test ing S econd t e s t ing 

No . of Age of anima l s  VIA FAT SN VIA FAT SN 

anima l s  (years ) 

1 4 + + < 0 . 6  + + < 0 . 6  

2 4 + + < 0 . 6  + + < 0 . 6  

3 2 + + < 0 . 6  + + < 0 . 6  

4 8 + + < 0 . 6  
* 

NT NT NT 

5 3 + + 0 . 9  + + 0 . 9  

6 3 + + 1 . 8  + + 1 . 8  

7 2 + + 0 . 9  2 . 7  

8 1 + + 0 . 9  3 . 0  

9 1 0  + + 1 . 8  NT NT NT 

1 0  3 + + 1 . 8  2 . 4  

1 1  3 + 1 . 8  NT NT NT 

1 2  3 + + 1 . 8  2 . 7  
' 

1 3  2 + + 2 . 1  3 . 0  

1 4  5 + + 2 . 1 2 . 4  

1 5  5 + + 2 . 1 3 . 0  

1 6  1 1  + + 2 . 1  3 . 0  

1 7  9 + 2 . 4  2 . 4  

1 8  4 + 2 . 4  NT NT NT 

1 9  3 + 2 . 4 2 . 7  

2 0  5 + 2 . 4 NT NT NT 

2 1  8 + 2 . 7 3 . 0  

Samp l e s  we re c o l l e c t ed for t h e  second t e s t  at 1 2  mon t h s  a ft e r  t h e  f i r s t  t e s t . 

VIA viral int e r fe rence a s s a y  

FAT f lu o re s c ent ant ibody t e s t  

SN = s e rum neut r a l i z i ng ant ibody t i t re ( logl O )  
* NT = not t e s t ed . ( t hese an ima l s  we re not ava � lable f .... o r  retest ing) . 



TABLE 5 - 2 . 

Comp a r i s on o f  the viral interfe rence a s s ay and f luores cent ant ibody 

test in detect ing viraemi a . 

Fluorescent ant ibody t e s t  

6 8  

Vi ral inte rference a s say posit ive negat ive t o t a l  

posit ive 2 0  6 2 6  

negative 3 6 4  6 7  

tot a l  2 3  7 0  9 3  
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DISCUSSION. 

The resu lts of the sero logical and vi rolog ical studies demonstrated 

that BVDV is endemic in th is dai ry farm . A l l  of the vi ral i solates wh ich were 

obtained from catt le on this farm were of the n oncytopathic biotype. When 1 6  

ani mals we re sampled a second t ime at 1 2  months after the i nit ial sam pli ng ,  

v irus was not reiso lated from 1 1  of the m.  Of  these 1 1  an imals 1 0  had ris ing 

antibody t i tres  but the antibody t itre of one ani mal remained the same.  lt is 

conc luded that these an i mals we re o n ly t ransient ly i nfected. V i raemia i n  

t ransiently i nfected ani mals pe rsists fo r about 1 5  days (Brown l ie e t  al. ,  1 987 ;  

Duffe l and H arkness, 1 985) .  An important questio n  that is raised by  these 

resu lts is whether the in itial sampli ng of these an imals coi ncided with the fi rst 

t i m e  t h at t h ey had be e n  i n fected o r  w h et h e r  it co i ncided wi th  a t i m e  o f  

rei nfect ion which occu rred i n  t h e  face of re l atively low leve ls  of p reexist ing 

antibody. The idea is favoured that reinfectio n  is occurring .  l t  is bel ieved to be 

high ly u n l ike ly that animals aged eight to 1 1  years in  this endemically i nfected 

herd (e .g . ,  ani mals No. 4 ,9 ,  1 6 , 1 7 ,2 1 )  would on ly be in fected with the vi rus for 

the fi rst t ime at ou r init ial sampl ing.  l t  seems more l i kely that re i nfect ion can 

occu r i f  seru m anti body leve ls decl ine  suffici ent ly and there is exposu re to a 

h igh t itre of vi rus such as would be shed by a persistently i nfected animal .  On 

the basis of these resu lts i t  appears that serum antibody titres less than 2 .4  

may n ot always protect agai nst re i nfect io n .  Other  worke rs have suggested 

that t itres ranging from 0 .9  to 2 . 1  or even h igher may be required for protection  

(Howard e t  al. , 1 989). 

The an imals fro m which vi rus was iso lated were not showing any 

c l in ical s ig ns of in fect ion with BVDV at the time  of sampl ing .  This was also 

t rue of  the f ive an imals from which virus was isolated on both occasions. l t  

was presu med that these five ani mals we re persistently in fected . In three of 

these an i mals SN anti body was not detected on e i ther occasion and these 

ani m als  a re cons ide red to be specif ical ly i m m u noto le rant and pers iste nt ly 

i n fected . The other  two an imals which h ad low,  but constant , t i tres of S N  

antibody were persiste nt ly i n fected yet n ot fu l ly  i m m u n otolerant. Persistent 

i nfect ion with low SN anti body titres has been  previously described and may 

be re lated to strain or serotype specificity of the i mmune response (Bol in et al. , 

1 985) .  Many persistently infected animals d ie  early i n  l ife , however some may 

appear h ealthy and l ive for many years transmitti ng the infection to an imals 

which are in contact and also vertical ly to the ir  offspring (Corapi et al. , 1 988) . 

I n  t h i s  c o n text i t  i s  i m portant  to  n o t e  t h at two of  t h e  i m m u n ot o le ra n t ,  

persistent ly i nfected animals i n  th is study (No . 1 , 2 )  were four years o ld and a 

thi rd an imal (No.4) ,  which may also qualify ,  was eight years o ld. 
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When ani m als i n  a herd are exposed to BVDV for the fi rst ti me  the 

i nfectio n  spreads qu ickly and the i nfected an i mals deve lop h igh t itres of S N  

ant i body and becom e  i m m u n e  ( B rown l i e  e t  al. , 1 987) .  The vi rus  m ay b e  

e l im i nated from such a herd i f  a l l  of t h e  an i ma ls  become i m m u ne ,  but t h e  

second generation  wi l l  be fu l ly suscept ib le when maternal ly de rived antibody 

has waned (Brown l ie  et al. , 1 987) .  Th e i nt roductio n  of persistently i nfected 

bul ls or heifers i nto th is  herd wi l l  efficiently spread the vi rus to fu l ly suscept ib le 

ani mals. If these an imals are i n  early preg nancy i t  may result in  foetal in fectio n  

and al l  the seque lae o f  foetal i n fection may b e  man ifested depending o n  t h e  

period of gestation.  I n  the dai ry farm where t h e  present study was conducted 

th is does not seem to be the case. The bul ls i ntroduced to the herd for mat ing 

had t it res of SN ant ibody to BVDV and were not vi raemic. Also the leve l of 

herd i m mun ity was h ig h although  some age g roups,  such as the co h o rt of 

calves at eight to 1 2  months of age ,  were susceptible to infection . 

I n  some farms ,  replacement heifers are reared i n  isolat ion from adu lt 

animals unti l they reach breeding age .  If these heifers are exposed to BVDV 

duri ng early p reg nancy , foetal i n fect ion  with vari ous seque l lae may resu lt .  

Persistent i nfection may b e  one o f  these manifestations and i nfection  may thus  

be mai ntained in  the herd from generatio n  to generation (Brown lie e t  al. , 1 987 ;  

Litt l ej o h n s ,  1 988) . I n  t h e  farm , wh e re t h e  cu rre nt study was conducted , 

persistently infected an imals, possibly as o ld as eig ht years, were identified .  

Si nce such animals m ust have been i nfected in utero, BVDV has been present 

on th is  farm for many years. 

As stated i n  chapt e r  two , t h e re are two seasonal calvi ng peri ods 

(autumn  and spri ng )  i n  th is  dai ry farm . Duri ng  our  t ime of  study the autu m n  

calves born i n  1 988 were rotated th rough the paddocks separately and isolated 

fro m oth e r  an i m a l s .  Th ese calves becam e su scept ib le  when  mate rna l ly  

de rived antibody waned by t h re e  to e i ght m o nt h s  of  ag e .  They re mai n ed 

antibody negative u nti l 1 2  months of age ,  the l i mit of the period of study. O n  

the other hand, calves born i n  t h e  spring o f  1 987 were tested at t h e  age o f  one  

year. A l l  o f  them had antibody , and vi rus was not detected except in  one  heifer 

which had a ris ing antibody titre but no detectable virae mia when retested at 

the age of two years. In contrast to t he calves born in  autu mn ,  these spring 

calves had be e n  m i xed with t h e  adu lt h e rd in sma l l  g roups  in t h e  s a m e  

paddocks t hroughout  t h e  fi rst 1 2  months of  l i fe .  This a l lowed contact w i th  

persistently i nfected animals i n  the adult herd.  
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I n  t h i s  h e rd 5/340 ( 1 .4%)  o f  t h e  an imals wh ich were tested were 

pers iste nt ly i nfected. One would expect that some cohorts of calves wou ld 

contai n at least one  calf that was i m mu noto lerant and persistently infected . 

This was not the case i n  the cohort which was studied. The calves i n  a cohort 

contai n i ng  a persistently i nfected calf would be expected to become i nfected 

as t h e i r  t i t res of maternal ly derived antibody decl ine .  Mi ld to severe cl in ical 

d isease m ay be seen in calves ag ed s ix  to 1 2  m o n t h s ,  wh ich wou ld be  

transiently i nfected and thereafter i m mune (Potg ieter, 1 988) . 

This study i ndicated that the pattern i nfect ion with BVDV in this herd 

varied fro m  1ear to year. The presence of a persistently i nfected calf with in  the 

cohort of calves or early exposure of calves to adu lt an imals in a group where 

pers iste n t ly i nfected an ima ls  were p resent  wou ld affect the pattern .  The 

ch ance  of  e xp o s u re of an i m a l s  to  BVDV t h e refo r e  d e pe nds large ly o n  

m a n ag e m e nt .  Appro pr iate m a n ag e m e nt st rateg i e s ,  deve loped w i th  a 

kn ow ledg e o f  t h e  ep ide m i o logy of  BVDV,  cou ld m i n i m i ze the effects of  

i n fect ion .  For example ,  de l ibe rate exposu re of heifers to BVDV before they 

reach breeding age has been suggested as a method of avoiding losses due to 

in utero i nfect ion (Littlejohns, 1 988) .  

Both V IA and FAT are useful tests for detect ing virus in  tissue cu lture 

and close ag reement (88.4%) betwee n these tests was found i n  the present 

study. V IA is more convenient when worki ng with large n u m bers of samples i n  

tissue cu ltu re p lates .  lt also appeared to be more sensit ive , but less specific 

than FAT in th is  study. lt does require ,  however, the avai labi l ity of a chal lenge 

vi rus and suffers from i l l-defined e ndpoints for quantitative assays ( Roberts et 

al. , 1 988) .  The interpretat ion of the VIA was less subjective than with the FAT 

however the FAT was sti l l  a usefu l and re liable test. 

I n f e ct i o n  w i th  B V D V  i s  e nd e m ic i n  t h e  d a i ry h e rd w h i c h  was 

i nvest ig ated .  Of  the  an i ma ls  wh ich we re te sted , 1 . 4 %  we re found to be 

pers iste nt ly i nfected , and these wou ld provide an adeq uate mechan ism for 

mainten ance of the vi rus. An alternative strategy to the del iberate exposu re of 

a n i m al s  befo re b re ed i ng age ,  wou ld be t h e  i so lat i o n  and  cu l l i ng of t h e  

persiste ntly i nfected catt le fro m  the herd. To achieve th is  option  a laboratory 

test with h igh  specificity and sensitivity would be requ i red  for identificat ion of 

t hose a n i m a l s .  I n  the absence of  a re l iab le  vaccin at i on  p rog ramme ,  th is  

approach wou ld have the disadvantage of  p roduci ng , i n  due course, a fu l ly 
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suscept ib le herd and the consequences of rei nt roduction of vi rus from outside 

cou ld be disastrous. 

Summary. 

i )  BV DV is e ndemic  i n  t h e  d a i ry h e rd and both t rans ie nt ly  and 

pe rsiste nt ly in fected a n i m a ls  w e re detected.  Of 340 an imals 

tested , 2 1  were vi rae m ic  on at  least one occas ion  and f ive of 

these were persistently in fected. 

i i )  I n  a proport ion of persistently in fected ani mals SN antibody was not 

detected ( < 0 . 6 ) ,  b ut two s u c h  an ima ls  had low t i t res of SN 

antibod ies (0 .9 and 1 . 8 ) .  The age of  i n fected an imals ranged 

from two to  more t h a n  e i g ht ye ars .  The re is  evide nce t hat 

an imals with low t itres we re re i nfected with BVDV, p resumably 

from pe rsistently in fected an imals ,  which provided an i mportant 

mechanism for mai ntenance of the infection on the farm . 

i i i )  The VIA and the FAT were compared for sensitivity and specificity 

and both tests we re fou n d  to be i n  close ag re ement  (88 .4%) .  

Th e V IA was more sensit ive , b ut less specific than the  FAT. lt 

was also more conven ient  when  worki ng with large n u mbers of 

samples in mu ltiwe l l  t issue cu ltu re plates. 

iv) A laboratory test with hig h specificity and sensitivity is necessary i f  

it i s  desi red to detect the low prevalence of persistent in fection 

with BVDV in the catt le population in New Zealand . 
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CHAPTER SIX 

GENERAL DISCUSSION AND CONCLUSION. 

BVDV is  an i mportant pathogen which causes a wide range of c l in ical 

syndromes in catt l e ,  o the r  wi ld  and  dom est ic  rum i nants ,  and p ig s .  T h e  

sou rces o f  BVDV i n  a herd a re e i ther  tran s ien t ly o r  pers iste nt ly i n fected 

ani m als which shed the vi rus i nto the envi ronment. 

Transmission may be di rect or  indirect , and i nhalation or i ngestion  of 

in fected saliva, ocu lonasal discharge ,  uteri ne discharges, u rine and faeces are 

p ri nc i pal means of i n fecti on .  Transmission also may occur through in fected 

semen ,  and transplacentally . 

Tran sp lace nta l  i n fect i o n  of  t he  foet u s  is  we l l  reco g n i zed a n d  i s  

epidemiologically sig n ificant. The seque lae of foetal infection vary depe nding 

on t h e  stage of gestat ion of the p regnant ani ma l .  Persistent in fectio n  with 

i m mu n oto le rance is  one of the resu lts of i nt rauter ine in fect ion.  Pe rsistently 

i nfected an i mals do not have SN antibodies or ,  rare ly ,  may have low titres .  

Som e  of the persistently infected an imals are stu nted and unth rifty, howeve r a 

proportion of them remain  apparently healthy for several years and may live to 

matu rity or breeding ag e.  They constitute an impo rtant sou rce of BVDV for 

othe r  an imals in  the herd ,  g ive r ise to persistently infected offspring , and also 

they may deve lop fatal mucosal disease. 

Most i n fect io n s  i n  suscept i b le  ad u lt catt l e  are subc l i n ica l .  The  

t ransiently i nfected animals deve lop SN antibody with in about two weeks and 

are protected for thei r l i fe ti me .  After primary i nfection , peak titres are reached 

by ten weeks and remain high for about three years. However, recent studies 

on the epidemiology of in fectio n of cattle with BVDV (Brownlie et al. , 1 987) and 

the resu lts of the p resent study demonstrate t h e  possibi l ity of rei nfect ion of 

an imals with low antibody titres.  

The p rese nce of  S N  ant i bod i e s  to  BVDV i n  a catt le po p u lat i o n  

i ndicates that the animals have been exposed t o  the virus at somet ime during  

the i r  l ife t ime or  that they have acqui red antibody from the i r  dams, which h ad 
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bee n i nfected with BVDV. Su rveys conducted 1 8  years ago to est imate the 

prevalence of  SN ant i body to BVDV in the New Zealand catt le pop u lat ion  

fou nd antibody i n  4 1  to 66 per cent of animals exami ned. Sporadic cases of 

mucosal d isease and t he appearance of calves with a range of co ngen ital 

defects attributable to i nfection with BVDV have been reported i n  later years .  

Epidemio logical aspects o f  infect ion with BVDV in  a commercial dai ry 

farm were studied by measuring titres of SN antibody and attempting to isolate 

virus from an imals in several age groups. The mechan is m s  of maintenance of 

the i n fect i o n  i n  a re lat ive ly confi ned dai ry farm and t h e  d istribut io n  of SN 

antibodies i n  various age groups have been studied i n  detai l .  The duration  and 

half- life of maternal antibody in  calves was also determined.  

SN antibodies to BVDV we re detected i n  the s e ra of  97 . 1 %  of the 

adu lt mi lki ng herd and replacement heifers. The geomet ric mean titres of the 

different age groups showed a sl ight i ncrease from one to seven years o ld but 

subsequent ly decreased . Statistical evaluation of th is data however i nd icated 

that the  d i ffe rences we re not sig n if icant at the five pe rce nt leve l .  The SN 

antibody t i tres of a cohort of  2 1  calves that we re fi rst sampled at one to  fou r  

days o f  age were proportio nal t o  those o f  the i r  dams a nd decl ined steadi ly ,  

with a half- l ife of 25 days, so that by eig ht months of age a l l  calves tested were 

negative . H owever ,  one  calf re mai ned antibody negat ive from bi rth to 1 2  

months of age and had probably fai led to i ngest co lostru m .  In it ia l ly it was 

postu lated that th is  ca lf was pe rsistent ly i nfected.  H o wever, no vi ru s  was 

isolated from this calf and other calves which were in  close contact with it did 

not seroconve rt  after their mate rnally derived antibodies waned. 

S N  ant ibody t i tres in a g roup of bobby calves which were obtai ned 

from a loca l abattoir were significantly lower than those of  the cohort of calves 

o n  the  farm . P resu mab ly many of these calves had not acquired sufficient 

co lostru m o r  the i r  mothers had never bee n  exposed to  BVDV. If th is latter 

explanatio n  i s  co rrect then  it suggests that the prevale nce of i nfection  with 

BVDV may vary greatly from farm to farm . 

T h e  s m a l l  i nc rease i n  geometric mean t i t res with i ncreasi ng age 

suggested that periodic reinfection may have been occurring .  This hypothesis 

is  supported by the virus isolation studies in which some ani mals, fro m  one to 

more than e ig ht years o ld we re tested twice with i n  1 2  months. Persistently 

i nfected an imals were identified i n  the herd,  and ani mals with lower antibody 
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t i t re s  appe a red to  be su scepti b l e  to rei n fe ct i o n  wh ich res u lted i n  rai sed 

ant ibody titres. A SN antibody titre o f  2 . 1 does not seem to protect the  animals 

agai n st rei nfectio n .  In fact v i rus was iso lated fro m o ne an i mal with a S N  

ant ibody t i tre o f  2 .  7 .  Consiste nt with th is  f ind ing are earl i e r  stud ies which 

de m o nst rated that SN anti body t i t res between  0 . 9  and 2 . 1 d id not p rotect 

calves against experimental infect ion (Howard et al. , 1 989).  lt is possible that 

a n i m a ls  with low t i t res can be rei n fe cted i f  t he  t i t re o f  chal l enge  vi ru s  is  

sufficiently h igh.  

I n  the natural history of BVDV a major mechanism for maintenance of 

the vi rus i n  the popu lation is persistent i nfection .  Any other way i n  which virus 

is ma i ntai ned  in the ecosystem m ay be s u bc l i n ical  ( i nappare nt) i n fect ion  

althoug h such animals shed vi rus  for a shorter  t ime and at lower titres. Thus, 

when BVDV is introduced to a virg i n  area it spreads very swiftly with in a herd ,  

often with little recognizable cl i nical effect . 

The other important facto r  i n  the su rvival and spread of BVDV in  the 

herd is  the avai labi l ity of a suscepti ble populat ion .  The avai labi l ity of both a 

conti nuous  sou rce of BVDV and a suscepti b le populat ion is  requ i red . The 

part icu lar  farm management syst e m  i s  i m po rtant in  determ i n i ng when the 

suscept ib le  population ,  young an i ma ls  whose maternal ant ibody titres have 

decli ned ,  comes in contact with a sou rce of virus ,usual ly persistently in fected 

animals i n  the adu lt herd. Since the long term survival of BVDV requires that it 

shou ld  co nt i nue to be t ransm itted fro m o n e  host to another ,  the v i rus  i s  

expected t o  disappear from the popu lat ion i f  i ts potential supply of susceptible 

hosts is exhausted. This usua l l y  happe n s  o n  farms ,  where there are no 

persistently i nfected animals in  the herd.  

On commercial dai ry farms i n  New Zealand the ani mals are g razed 

on pastu re throughout the year. Opportu n it ies for reinfect ion with BVDV i n  

such a herd wou ld be lower than i n  a herd i n  a colder cl imatic zone,  where the 

an i m al s  are he ld i nside fo r a p roporti o n  of the year. Th is  leads to a h igh  

conce n t rat i o n  of an i mals i n  a sma l l  a rea ,  enables close contact and may 

predispose the animals to stress and othe r debi litat ing factors.  I nfect ion with 

BVDV is s ig n ificant in feedlots because it causes i m mu no su pp ress ion  and 

i ncreases the severity of  secondary respi ratory disease. Concurrent in fect ions 

wit h BVDV and parai n f luenza type 3 vi ruses and P. haemolytica p lay a n  

i mportant role  i n  the pathogenesis o f  sh ipp ing fever. Transport and the h igh 

conce ntrat i on  of an imals i n  feedlots a re cons idered as debi l itat ing factors ,  
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w h ich may exacerbate the  i mmunosuppress ion which resu lts f ro m  i nfect ion 

with BVDV. 

A lt h o u g h  the  d ist ri but i o n  of  S N  ant ibod ies wit h i n  h e rds varies i n  

d iffe rent parts o f  th e wo rld , the propo rt ion o f  pe rsi stent ly i n fected an i mals 

remains low and does not exceed fou r  per cent of the herd.  

The h ost rang e  of the v i ru s  i s  a lso  s ig n if icant in  determ in i ng  the 

su rvival of the vi ru s  i n  natu re .  Domestic and w i ld ru m i nants , and p igs are 

known to be i n fected with BVDV u nder natu ral conditions.  Cross i n fecti on of 

the vi rus betwee n  catt le and sheep has been reported. Persistent in fection 

and  i m m u n ot o l e ra nce , i f  i t  o ccu rred i n  t h e se host spec ies  aft e r  n atu ra l 

i nfection ,  would have epidemiolog ical s ign ificance. 

The presence of different strains of BVDV would also have an impact 

o n  the survival of the vi rus i n  a population .  Mutation from the noncytopath ic 

biotype has been suggested as a mechanism for the generation  of cytopathic 

b iotype .  The cytopath ic biotype is  usual ly associated with fatal M D ,  wh ich 

occu rs i n  a n i m a l s  wh ich have a pe rs ist e nt i n fect ion with a noncytopathic 

biotype of BVDV. Several strains of the cytopathic and noncytopathic biotypes 

have been isolated from ani mals i nfected with BVDV. In the p resent study a 

st rai n of BVDV iso lated i n  New Zealand and desig nated BVD-MDBK,  was 

effective ly neutral ized by anti-serum raised against the NADL strain of BVDV. 

The NADL st rai n was used in th is  study to dete rmi ne t he  prevalence of SN 

antibodies in bovi ne sera in New Zealand in  the belief that it was antigenically 

re lated to local st rai ns  of BVDV. The resu lts of the sero log ical surveys and 

sero logical comparisons of local strains vi ndicate this assumption .  

The SN test is  a hig h ly specific test and a titre of 0 . 6  o r  g reater has 

been regarded as i ndicating either a previous encounter with BVDV or passive 

immun ity. In the present study the reproducibi lity of the S N  test was monitored 

by using a standard reference serum each t ime the test was run .  The resu lts 

f luctuated o n ly one di lut ion either  to the left o r  right side of the mean value.  

G e n e ra l ly  a se ro log ical test ,  such as the SN test o r  E L ISA , is  an 

i mportant tool to evaluate eradication and immunization p rogrammes and also 

to assess the past history of a g roup of animals. By detect ing SN antibodies to 

BVDV in various age g roups of the herd ,  it i s  possible to determine the degree 

of endemicity of the i nfection ,  or how long it has been in  the herd. Est imat ions 
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of prevalence or  i ncidence can be made when pai rs of serum samples are 

obtai ned  several weeks apart from i ndividual an imals. I n itial appearance of 

antibody in the second specimen or a rise in antibody titre g ives an i ndicat ion 

of  the t ime that i nfect ion occu rred . The other point i n  sero logical studies of 

BVDV to be considered,  is the presence of maternal ly derived antibody and its 

durat ion .  I n  the present study the  du ration o f  maternal antibody i n  the  cohort  

o f  calves vari ed from three to  e ight months. I n  other works it has also been 

detected up to the age of 1 2  months. 

A sero log ical test alone may not be adequate to determine the cu rrent 

status of catt le with respect to i nfect ion with B V DV.  The antibody negative 

a n i m a l s  m ay be e it h e r  re cen t ly i n fected , p e rs i st e nt l y  i n fe cted  o r  fu l ly 

susceptible to BVDV. Iso lation of the vi rus and repeated serological testing i s  

requi red t o  differentiate these different states o f  i nfection . Whi le many o f  the 

persistently infected animals may be antibody negative, a few animals may sti l l  

have low antibody titres, wh ich may be stable over a long period of  t ime. I n  the 

cu rre nt study two of the persistently infected animals had low titres of 0 .9 and 

1 .8 ,  wh ich remained u nchanged when retested 1 2  months later. 

Sero log ical tests , othe r  than t he  S N  test ,  have been  used for t he  

detect i o n  o f  anti body to  BVDV. The  agar ge l  d i ffu s ion precipitat ion  test is  

consid e red to be less sen sitive and less specific .  Provided the appropriate 

reage nts and protoco l are avai lable the EL ISA is conside red as sensiti ve and 

specific as, but not higher than the SN test . The advantage of the E LISA over 

the SN test is  that once it has been standardized, it is easier  and cheaper to 

ru n ,  and the resu lts are attai ned with in hours,  whi le several days are requi red 

t o  re ad t h e  re su lts of t h e  S N  test .  Low repro du ci bi l i ty and n o n spec i f ic  

reactions  have been major impedi ments to attempts to establ ish an EL ISA for 

antibody detection by the present author (data not shown) .  

Isolat ion of cytopathic or  noncytopathic v i rus fro m  c l in ical ly affected 

an i m a l s ,  o r  fro m a n i ma ls  wh ich are appare nt ly  h ealt h y  i s  of d iag n o st ic  

sig n i ficance . l t  i s  gen e ra l ly  accepted that ,  for  t h o se vi ruses w hich can  be 

iso lated i n  ce l l  cu ltu re ,  vi rus iso lat ion is a bench m ark aga inst which other 

ant i g e n  detect i o n  met h ods are eval uated for  s e ns i t iv i ty and  speci f ic i ty .  

H owever ,  fact o rs wh ich  are l i ke ly t o  affect s e n sit iv i ty of  vi ru s  i so lat i o n  

procedures are the in itial titre of virus i n  the sample , the procedu re of sample 

co l l ect i on , t ran sportat i o n  and the avai lab i l i ty of an adequate co ld  cha i n ,  

process ing p rocedu res i n  t he  laboratory, the s e n sit ivity of the  ce l l  cu l tu re 

system used for inocu lat ion and aseptic handl i ng.  
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Whe n t h e  comparat ive sensit i vity and specif icity of virus iso lat i on  

tec h n iques used  i n  t he  cu rrent study were evaluated , t he  v i ra l  i nterfere nce 

assay appeared to be more sensitive but less specif ic than the f luorescent 

an t i body test . The two tests had an 8 8% ag re e m e n t  so both tests a re 

approx imate ly equ al i n  thei r re l i ab i l i ty fo r  rout i ne  vi rus i so lat ion . The vi ra l  

i nterference assay is easie r to conduct i f  large numbers of samples are to be 

p rocessed and multiwel l  t issue cultu re p lates can be used. 

U nfortunate ly , no specific, re l iable and practical control measures can 

be recommended as a result of th is  study. Obviously m uch usefu l informat ion 

was obtai ned on the epidemio log ical aspects of the i n fect ion i ncludi ng ,  the 

p revalence of SN antibody in  the herd ,  the durat ion and half- l ife of maternal 

antibody, the possibi lity of re infect ion of an imals with lower t itres, identificat ion 

of  pe rsistent ly  i n fected an ima ls ,  and eva luat i on  of methods used fo r v i rus 

i so lati o n .  An u nde rstanding has been obtai ned of when an i mals with in  the 

herd are most l ikely to be fi rst infected with BVDV and the ro le of  management 

factors i n  determining this t ime.  A n  evaluat ion of the sensit ivity and specificity 

of the virus iso lation methods has also been made so it is possible to choose 

one  of the two methods depending on the n umber of samples to be processed. 

A concept of maintain ing a herd which is free of BVDV for a long t ime 

m ay not be p ractica l ,  because of  the various  routes by which the vi rus may 

e nt e r  t he farm . Vacc inat ion  of calves fro m s ix  to ten months of age with 

m o d i fi ed l i ve  or i n acti vated vacci n e s  h as been  reco m m e nded by so m e  

workers .  However, the fear o f  immunosuppression ,  exacerbation of secondary 

respi ratory disease and someti mes of fatal MD i n  calves are l imitations to the  

use  o f  l ive vacci nes. Short term protection and h igh  cost have limited the  use 

of i nactivated vaccines. A screen ing test for the identificat ion and e l im inat ion 

of  pe rs istent ly i nfected an imals h as been suggested . B ecau se of t h e  low 

prevalence of persistent i nfection ,  any screening test wou ld have to have h igh 

sensitivity and specificity and be technical ly feasible.  

In the short term , de l iberate i nactivity may appear to be effect ive i n  

cont ro l l ing t h e  infection , however,  i t  i s  not p redictable.  Wh i le most i nfectio ns 

wi l l  be subcli n ical and lead to long term immun ity, there wi l l  be a small numbe r  

o f  persistent ly i nfected ani mals which m ay lead t o  in fect io n  o f  young stock at 

t i mes when the consequences may be d isastrous. 
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I f  e rad icat ion  of BVDV from a farm is  not feasib le ,  t hen  the losses 

re lated to t h i s  i n fect i on  m ay be m i n i m ized by app rop riate manag e m e nt 

systems.  l t  i s  important fo r the rep lacement he ife rs to h ave h ig h  t i t re s  of 

ant ibody befo re the b reeding seaso n .  This may be achieved by exposure of 

these h eifers to persistently i n fected an i mals u nder natural conditions or by 

vaccinat ion with inactivated vacci nes at the age of 1 2  months. 

Despite the better u nderstanding of the nidality of BVDV in the natural 

ecosyste m ,  and t h e  avai lab i l i ty of h i g h ly sens i t ive and  speci f ic  te sts i n  

d iag n o st ic  vi ro log y ,  i n fect i o n  wi th B V DV i s  l i ke ly to  pe rs ist i n  t h e  catt le  

popu lati o n  i n  New Zea land fo r m an y  years to  co me.The e st i m ated cost 

associated with the i n fect ion is  lower than the cost of contemplated specific 

co ntrol st rateg ies ; the virus  is u biqu i tous  and i nterspecies t ransmission and 

persistent in fect ion i n  a wide range of host species is more co mpl icated than 

previously assumed. There are some special circu mstances where contro l  or  

eradicatio n  of  BVDV is demanded so m andatory requirements have been put 

in place at both t he national and i nternational level .  Such examples i nclude 

the use of bu l l s  i n  AI centres and the  expo rt of l ivestock to some cou ntries, 

also, in cou ntries, where SFV and BVDV cou ld compl icate laboratory diag nosis 

of i n fectious  d iseases, especia l ly in the  pig indust ries ,  eradication of BVDV 

would be highly desi rable. 

Because of  the presence of other devastat ing an ima l  and zoonotic 

diseases in the deve loping countries,  such as Ethiopia, the control of BVDV is 

not l ike ly to be a p riority, however,  the epidemio logy of this d isease could be 

u sed as a m o d e l  fo r assess m e nt of ot h e r  p revai l i ng  d iseases i n  those 

countries. 
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Appendix I 

Buffer and solutions used for cell culture 

1 .  Antibiotic-Trypsin-Versene (ATV) 

0 . 5  g Trypsi n 

0 .2  g Versene (E DTA sequestric acid) 

8 .0  g NaCI 

0.4 g KCI 

1 .0 g Dextrose 

0 .58 g NaHC03 

2x 1 oS IU Penici l l in  

1 00 mg Streptomyci n 

0 .02 g Phenol  red 

Made up to 1 L with disti l led water. Ste ri l ized by fi ltrat ion .  Stored at 

4°C·  

2. Eagles min imum essential medium (MEM) 

1 0 .0  g MEM powde r 

1 .0 g NaHC03 

Made u p  to 1 L with dist i l led wate r. Ste ri l ized by fi lt rat ion .  Sto red at 

4oc .  pH 7 .2-7 .4 

3. Penic i l l in ,  Streptomycin,  Kanamycin (PSK) 

1 0 .0 g Streptomycin 

1 0 .0  g 1 -mega vial Pen ici l l in  

1 0 .0 g Kanamyci n 

Made u p  to 1 L PBS. Steri l ized by fi ltration. 

4. Phosphate buffered Sal ine (PBS) 

8.0 g N aCI 

0 . 2  g KCI 

1 . 1 5  g Na2HP04 

0 .2  g KH2P04 
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Made u p  to 1 L with dist i l led wate r. Ste ri l i zed by autoclavi ng 1 5  lbs for 1 5  

m inutes. pH 7.2-7.4 



5. Trypsin solution 

0.40 g trypsi n (1  :250) powder 

1 o o . o  ml PBS. Sto red at -4°C.  

6. Trypan blue 

0.2 g Trypan blue powder 

1 00 .0  ml PBS 

Dispensed i n  1 .8 ml al iquots and stored at -4°C 

Appendix 1 1  

I .  Papers ready for publication from this thesis 
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1 .  Abraham , G . ,  Wi lks, C . R . ,  Blackmore , D .K. ( 1 989) : Epidemio logy of BVDV 

infection in a dai ry herd.  I .  Sero log ical studies. N .Z. Vet . J. 

2 .  Abraham , G . ,  Wi lks, C . R . , Blackmore ,  D .K. ( 1 989) : Epidemio logy of BVDV 

infection in a dai ry herd .  11. Virological studies. N .  Z. Vet. J. 

1 1 .  Paper publ ished from related work to this thesis. 

1 .  Wi lks, C . R . ,  Abraham , G . ,  Blackmore ,  D. K. ( 1 989) : Bovi ne pestivi rus and 

human i nfection .  Lancet 1 :  1 07- 1 08.  

2 .  Wi lks ,  C . R . ,  Abraham , G . ,  B lackmore , D.K.  ( 1 989) : Does BVD v i rus  infect 

man ? N .Z. Vet . J. 37:  86-87. 
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