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Abs tract 

The epidem i o logy o f  porcine group A r o tav i rus was s t ud i ed i n  

commerc i al herds o f  pigs  i n  New Zealand . 

A comme r c i a l  enzyme-l inked immunosorben t assay ( ELI SA )  k i t 

( Dakopa t t s , Copenhagen ) was found t o  be h i ghly sens i t i ve ( 100% ) and 

spec i f i c  ( 96 . 8% )  for the detec t i on of  group A rotav i rus in p i g  faeces 

when compared t o  elec t ron m i c ros copy ( EM ) . A high ly sens i t i ve and 

s pec i f i c  ELI SA t e s t  for the measurement of an t i body agains t group A 

rotavi rus i n  p i gs was also developed . 

O f  521  faecal s amples collec ted f rom Mas sey Uni vers i ty P i ggery i n  a 

c ro s s-sec t i onal s u rvey , 47 ( 9% )  were pos i t ive f o r  group A ro tav i rus by 

the ELISA tes t .  Only suck i ng ( 19 . 3% )  and weaner ( 14 . 4% )  p i gs we re 

shed d i ng ro t av i rus . Ro t av i rus was no t d e t e c ted i n  t he faeces o f  

fa t t ener p i gs ( over two mon ths old ) o r  adul t pigs i n c lud i ng s ows and 

boars . 

Three cohor t s t ud i es revealed tha t a l l  p ig s  became i n fec t ed w i t h  

group A ro t av i rus before they we re 40 days o f  age and shed the v i ru s  f o r  

a n  average of  e igh t d ays . Some o f  the p igle t s  shed rotav i rus a second 

t i me approx i ma tely 10 d ays a f t e r  t he f i r s t  pe r i od of  shedd i ng .  All 

p i gle t s  ceased to shed t he v i rus by two mon t hs of age . 

Ro tav i ral shedd i ng was 

scou r s  i n  sucking p i g le t s . 

d i arr hoea , PWD ) was more 

asso c i a ted w i t h  t he occurrence o f  m i l k  

Diarrhoea i n  weaner pigs ( po s t -wean i ng 

c losely assoc i a ted w i t h  the presence  o f  

haemo ly t i c  E . col i  t han w i t h  ro t av i rus i n  faeces . 

I nfec tion wi t h  group A ro tav i rus was t ransmi t ted f rom p i gl e t  t o  

p igle t and f rom l i t t e r  to  l i t t er . In one coho r t of  50 pigle t s  f ro m  f i ve 

l i t te r s , shedding o f  r o t av i rus was f i r s t  d e t e c t ed i n  one l i t t e r , t hen i n  

the s econd li t t e r  two days later , and f i nally i n  o ther l i t t e r s  o f  

p igle t s . Over a pe r i od o f  16 days , all p i gle t s  i n  the f ive l i t t e r s  were 

i n fec ted . 

G roup A ro t av i rus was also detec ted i n  d us t ,  faeces and e f f l ue n t  

colle c ted f rom the far rowi ng and weane r houses , and f rom a weaner house 

wh i ch had no t been used for t h ree mon ths . 
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Ro tavi rus was no t detec t ed i n  any o f  the sows ( 1 1 )  d u r i ng the  

per i od of  i nves t iga t i on . Ne i ther was  ro tav i rus d e t ec t ed in  f a t t ener 

p i gs (fl:<l'm two mon ths o f  age to  t he t i me of s laugh t er ) , n o r  i n  the  

env i ronmen t s  whe re old p igs ( fat tene r and sow houses ) were  housed . I t  

was no t therefore pos s i ble to  con f i rm that adul t p i gs , espe c i al l y  s ows , 

a c t as carriers  f o r  r o t av i ral infect ion of  young p i gle t s  as has been 

s ugges t ed by o ther  workers . 

A l l  t he p i gle t s  acqui red ma ternal an t i rotavi ral an t i body f rom t he i r  

dams and the levels o f  an t i body i n  pigle t s ' s e ra wer e  comparable t o  

those i n  the colos t rum o f  t he i r  dams . The ma t e rnal ly-der i ved an t i body 

was also d e t e c t ed in p igle t s '  faeces . An t i body i n  sera and in faeces 

d e cl ined rap i d ly a f ter  b i r t h .  Ro tavi ral shedd ing commenced in each o f  

the  cohor t s  when t he geome t r i c  mean ELISA an t i body t i tre  f e l l  below 

1/1600 ( eq u i valen t t o  se rum neu t ral i z i ng an t i body t i t re o f  1/8 to 1/16 ) . 

Howeve r , t h i s  c o r rela t i on be tween an t i body t i t r es and p ro t e c t i on was n o t  

obs e rved i n  i nd i v i dual l i t t ers . I n  each o f  t h e  coho r t s  s tudied , 

r o t a v i ral s hedd i ng was usually detected i n i t i al ly i n  o ne o r  two p igle t s  

o f  a l i t t e r . The i n fe c t i on t hen sp read to  o the r p i gle t s  wi t h i n  t he same 

l i t t e r  and , f i na l ly , to  pigle t s  of o ther l i t t ers  i n  the same grou p . 

Ons e t  o f  ro tav/a l  i n fec t i on i n  par t i cular l i t te rs was related t o  t he i r  

l o ca t i o n  i n  t he f a rrow i ng un i t  rather than t o  t he leve l s  o f  an t i body . 

The shed d i ng pat tern o f  group A rotavi rus was s t ud i ed f u r t he r  i n  

ano t h e r  f i ve New Zealand p i gger i e s  and was found t o  b e  s i mi lar t o  that  

o b s e rved a t  the Massey Uni vers i ty Piggery . 

Faecal samples f rom t hese pigger i es we re analyzed by polyacrylam i d e  

gel e le c t rophores i s  ( PAGE )  and n o  common elect ropho r e t ype o f  g roup A 

r o t a v i rus was found i n  these pigge r i es. More t han one e le c t rophore type 

of  group A ro tavi rus was detected i n  three of  t hese p i gger i es . Faecal 

samples collec ted f rom Massey Univers i ty Pigge ry were also analyzed by 

PAGE and i t  was f ound that ro tavi ruses detec ted d u r i ng the f i rs t  t wo 

years  o f  t he present  i nves t iga t i on had iden t i cal e le c t rophore types , b u t  

o n e  i so l a t e  d e t e c ted i n  t he t h i rd year had a d i s t i n c t i ve ly d i f fe ren t 

pa t tern . 

Non-group A ro tavi ruses were also detec ted f o r  t h e  f i rs t  t i me i n  

New Zealand . N i n e  samp les had an ele c t rophore t i c  pa t t ern s i m i lar t o  

t ha t  o f  group C r o tavi rus and one was s i m i l a r  t o  t h a t  o f  group B 

r o t a v i rus . One o f  the samples con taining group C ro tav i rus was f rom t wo 

l i t t e r s  o f  p i gle t s  w i t h  d i arrhoea a t  two to  fou r days o f  age . I n  one o f  
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these p i gge r i es , f i ve ele c t rophore types o f  ro tav i ruses represen t i ng 

t hree groups we re de tec t ed . 

These observa t i ons ind i cate  tha t  ro t av i ral infec t i ons are i mpo r t an t  

causes  o f  mi lk scours i n  p i gle t s , and are p robably s ign i f i ca n t i n  

exac e r ba t i ng PWD . The epi demiology o f  ro t av i ral i n f ec t i o n s  i s  

comp l i ca t ed by a number  o f  fac t ors . These i nclude t he con t i nuous 

t ran�m i s s ion of v i rus from pig to p i g  and f rom l i t t er t o  l i t t e r , the 

surv i val o f  the v i rus in t he piggery env i ronmen t , the i ncomp l e t e  

p ro t e c t ion a f fo rded b y  ma ternally-derived an t i body , and the s i mu l t aneous 

c i rcula t i on o f  d i f feren t s t rains and d i f feren t groups o f  r o t av i rus i n  

one p i ggery . 
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Chapter One 

LITERATURE REVIEV 

1 . 1  GENERAL INTRODUCTION 

In the late  1 9 60 ' s ,  a new vi rus assoc i a t ed wi th  neona t a l  c a l f  

d i arrhoea was d i s covered b y  ele c t ron m i c ros copy ( E M )  ( Mebus e t  a l e 

1969 ) . Th i s  vi rus was t hen cal led neona t a l  cal f diarrhoea v i rus ( NCDV ) . 

I n  1 9 7 3 , a s im i lar v i rus was obse rved und e r  the EM in  a b i opsy o f  

duodenal mucosa ( B i shop e t  al e 1 9 7 3 ) and i n  faeces ( Fl ewe t t  e t  ale 

1973 ) from chi ld ren wi th  acu t e  gas t roen t e r i t i s .  

was found assoc i a t ed wi t h  diarrhoea o f  t he 

Subsequen t ly ,  the  v i rus 

young in  a var i e ty o f  

mamma l i an and avian spec i es , i nclud i ng m i ce ( Much and Zaj a c  1 9 7 2 ) ,  

monkeys and sheep ( Els and Lecat sas 1 9 7 2 ) , p i gs ( Rodger e t  al e 1 9 7 5a ) , 

foals ( Flewe t t  e t  al e 197 5 ) , lambs ( McNu l t y  e t  al e 1 9 7 6 b ) , deer  ..::-..:...--":....:. 

( T z i po r i  e t  al e 197 6 ) , rabbi ts  ( B ryden e t  al . 1976 ) ,  p rongho rn 

an t elope ( Reed et  al e 1 9 7 6 ) , goa t s  ( Sco t t  e t  al e 1978 ) , apes ( Ashley 

et  al e 1978 ) , impal a ,  Thompson ' s  gaze l les , and addox ( Eugs t e r  et  a l e 

1 9 78 ) , dogs ( Eugs t e r  and Si dwa 197 9 ) , ki t t ens ( Snodgrass e t  a l e 1 9 7 9 ) , 

c h i ckens ( Jones e t  ale 1 9 7 9 ) , turkeys ( McNu l ty e t  al e 1 9 7 8 ) , b i son , 

ducks and parro ts  ( Flewe t t  and Woode 1978 ) and ferrets  (Tor res -Med i n a  

1 9 8 7 ) .  

Because these newly-di scovered v i ruses mo rphologically resembled 

reovi rus and orbivi rus ( B i shop e t  a l . 1 9 7 3 , Fernelius e t  a l . 1 97 2 ,  --
Flewe t t e t  al . 197 3 ) , they we re at f i rs t  f requen t ly refer red t o  as  

" reovi rus-like agen t s "  ( Ferne l i us e t  al . 1 97 2 ,  Kap ikian e t  a l e 197 6 , 

Rodger e t  al . 1975a ) . O t her t e rms such as neona tal ( Nebras ka ) cal f 

d i ar rhoea v i rus ( NCDV ) ( Fe rnel ius e t  a l . 197 2 , Whi te et a l . 1 9 7 0 ) , 

i n f an t i le gas t roen t e r i t i s v i rus ( o r b i v i rus g roup ) ( Pe t ric  e t  a l e 1 9 7 5 ) , 

and duovi rus ( Davidson e t  al e 1 9 7 5 )  were also used . Flewe t t  e t  al e 

( 1 9 74 a )  were the f i rs t  t o  propose the t e rm ro t avi rus ( from t h e  La t i n 

ro t a ,  a whee l )  for t hese v i ruses . Th i s  proposal qui ckly ga ined suppo r t  

by o ther wo rke rs. ( Sharpee and Mebus 197 5 ,  Thouless e t  al e 1 97 7 , Woode 

et a l e 1976a ) . Eventually in  1978 , 

Taxonomy o f  Vi ruses adopted the i r  

morpholog i cally iden t i cal v i ruses i n to 

fam i ly Reov i r i dae ( Ma t thews 1 9 7 9 )  . 

the I n terna t i onal Comm i t t e e  on 

propo sal and clas s i f i ed t hese  

t he genus Ro tavi rus und e r  t he 

. Ro tav i ral i n fec t i ons have impor t an t  i mpac t on human and ani mal 
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heal t h  and welfare . In  man , i t  has been es t i ma t ed that  there a r e  

approx i ma t ely 500 million ep i sodes o f  d i arrhoeal d i s ease each year i n  

t he less d eveloped coun t r i e s  o f  A f r i c a ,  As i a  and La t in Ame r i ca and t h a t  

1 -4% o f  t hese  a r e  fa t al ,  thus a ccoun t i ng f o r  5 t o  18 m illi on childhood 

deaths annually ( Rohde and No r th rup 197 6 ) . S t ud i e s  in t hese coun t r i es 

have i nd i ca t ed that  rotav i rus i s  the lead ing cause o f  s evere d i arrhoe al 

d i sease i n  child ren . I n  the Ph i l i p i nes , Adkins  e t  al . ( 1 987 ) repo r t ed 

t ha t  d i a r rhoea i n  abou t 40% o f  pa t i en t s  under the age o f  f ive was 

assoc i a t e d  wi t h  r o t avi ral i n fec t i on . Black e t  al . ( 1 980)  also i s ola t ed 

ro t av i rus f rom 59% o f  pa t i en ts  less t han two years o f  age i n  Banglade sh .  

I t  i s  t hu s  li kely that a po r t i on o f  the mor t ali t y  f r om severe d ia r rhoeal 

d i s ea s e  i s  accoun ted for by r o t av i ral i n fe c t i o n .  I n  I ndones i a  alone , 

Soena r t o  e t  al . ( 1 98 1 )  es t i ma t ed t ha t  200 , 000 o f  500 , 000 annual dea t hs 

due t o  d i ar rhoea in  ch ild ren less than f i ve years old might  be 

assoc i a t e d  wi th  r o t av i ral i n fec t i on . In developed coun t r i es , mor t al i t y  

assoc i a t e d  wi th  r o t avi ral i n fe c t i on is  inf requen t ( Ca rlson e t  al . 1 9 7 8 , 

Dav i dson e t  al . 1975 ) , but  mo rbid i ty i s  h igh . In  the USA , i t  was 

es t i ma t e d  t h a t  one in  272 child ren be tween 0 - 1 2  mon t hs of age and one i n  

451  ch ildren be tween 1 3-24 mon t hs o f  age requ i red hospi t al i z a t i on due t o  

d i ar rhoeal i llness asso c i a t ed w i t h  rotavi ral i n fec t i on ( Ro d r iguez e t  al . 

1 980 ) . Th i s  accoun ts  for 2 20- 3 7 0  hospi tal i za t i ons per  100 , 000 child r en 

less t h an t wo years old . Based on t h i s  rate , an es t i ma t ed 2 2 , 000 

ch ild ren under two years of  age would requ i re hos p i t ali z a t ion i n  the USA 

for ro t a v i r al d i a r rhoea . In an imal popula t ion s , mo rbid i ty f rom 

ro t av i rus assoc i a t ed d i arrhoea can reach 50% and mor t ali t y  10% in herds 

of  pigs o r  calves ( Bohl e t  al . 1 9 7 8 , Twiehaus et  al . 1 9 7 5 ) . 

Alt hough ro tavi ral par t i cles were f i rs t o bserved und e r  EM i n  1 969 

( Mebus et al . 1 9 69 ) , the i mpli ca t i on of r o t av i ruses in  i n f an t ile 

d i arrhoea goes back t o  the early 1940 ' s .  L igh t and Hodes ( 1 943 ) 

i sola t ed a f i lt rable vi rus f rom s t ools o f  i n fan t s  w i t h  acu t e  

gas t ro en t e r i t i s .  When the f il t rates were i nocula t ed i n to newborn 

calves , d i ar rhoea occur red in  these an imals two days a f t e r  i nocula t i on .  

A faecal s pe c i men f rom these ea rly expe rimen t s  t ha t  had been lyoph ili zed 

and s t o re d  s i nce 1 943 was examined under t h e  EM in 1974 . Typ i cal 

r o t av i r u s  par t i cles wi th charac t er i s t i c  wheel-li ke morphology were 

observed in t h i s  3 2  year old s ample . Howeve r ,  t h i s  i s ola t e  was no 

longe r i n fe c t i ous ( Hodes 1 9 7 7 ) . 

Als o  i n  the  1 940 ' s ,  epi zoo t i c  d i ar rhoea o f  suck i ng m i ce ( EDIM ) was 

repo r t ed and cy t o plasmic inclus i on bod i es were f ound i n  the i n t e s t i nal 

e p i thel i al cells o f  infe c ted m i ce ( Cheever and Mueller 1 9 4 7 , 
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Pappenheimer and Cheeve r 1 948 ) . I t  was lat t e� es tabl i shed t h a t  EDIM was 

caused by a hea t - and e ther-res i s tan t  vi rus wi t h  a d i ame t e r  o f  65-75  nm 

( Kra f t  1 957 , Adams and Kraf t 1 963 ) . In 1 958 , a vi rus cal led s i m i an 

agen t 1 1  ( SA1 1 )  was i solated f rom a rec tal swab f rom a verve t monkey and 

was read i ly pas saged in primary verve t monkey ki dney cell cul ture  w i t h  

cy t opa t h i c  e f fec t  ( CPE ) ( Malherbe and S t r i ckland-Cho lmley 1 9 6 7 ) .  

Further charac t e r i z a t i on demons t ra ted tha t t hese v i ruses are also 

ro tavi ruses ( Els and Leca t sas 197 2 ,  Lecat sas 197 4 , Much and Zaj ac 1 97 2 ) . 

Howeve r ,  i t  was no t un t i l  ro tavi ral par t i cles 

faeces of ch i ld ren wi t h  d i arrhoea ( B i shop e t  al . 

were f ound i n  the 

1 9 7 3 , Flewe t t  et  a l . 

1 9 7 3 )  t ha t  ex t ens i ve research into  the charac ter i z a t i on o f  r o t avi ruses , 

and i nves t iga t i on o f  the ep idemiology and i mmune response o f  r o t av i ral 

in fec t i ons in  d i f fe ren t spe c ies was conduc ted . Tha t research has 

es tab l i shed that r o t a v i rus comp rise a group o f  v i ruses wh i ch are 

morphologi cally i den t i cal but an t igen i cally d i verse . On the bas i s  o f  

cross- reac t i vi ty o f  group an t igen , genome pro f i les by po lyac ry lamide  gel 

elec t rophores i s  ( PAGE ) and one-di mens i onal t e rmi nal f i nge rpr i n t i ng , mos t 

ro t aviruses isola t ed to date  can be clas s i f i ed i n t o  one o f  the fol lowing 

groups : A,  B ,  C ,  0, E ,  F and possi bly G ( B ri dge r 1 98 7 , Ped ley e t  al . 

198 3 , 1986 ) .  Among these s i x  groups , group A rotav i rus has been the 

mos t s t ud i ed and this  rev i ew has an emphas i s  on t h i s  grou p .  

1 . 2  CHARACTERISTICS OF GROUP A ROTAVIRUS 

1.2 . 1 Rotavi ral morphology 

Yhen samples are nega t i vely-s tained and exami ned under t he EM , 

i n t ac t  ro t avi ral pa r t i cles show a d i s t inct  morphologi cal appear ance 

resembl i ng a wheel w i t h  t he core forming a hub , capsomeres r ad i a t i ng 

from t he core forming spokes , and the precis e ly margina t ed ou t e r  l ay e r  

forming t h e  r i m  ( Flewe t t  e t  al . 1974a) . Th i s  dis t i ngu i shes them 

mo rpho logi cally f rom reovi ruses and orbivi ruses ( Flewe t t  et a l .  1 97 3 ,  

Kal i ca e t  al . 1 9 7 8 , M i ddle t on e t  al . 197 4 ) . Like o ther members o f  the 

Reov i r i dae , th� non-enveloped ro tavi ruses have a double-she l led 

s t ruc ture composed o f  an outer and an inner caps i d , and an i cosahedral 

core . The doub le-shel led par t i c les have a very de f i n i t e  edge ( 's moo t h ' ) 

whe reas s i ngle-shel led par t i cles could be des c r ibed as hav ing a rough , 

d i f fuse border ( ' rough ' ) ( Bridger and Voode 197 6 ) . Es t ima t es o f  the 

s i ze o f  the v i r i on var i es f rom 55-60 nm ( rough par t i c les ) t o  abou t 70-75  

nm ( smoo th par t i c les ) i n  d i ame ter  ( Els and Leca tsas 1972 , Mar t i n e t  a l . 
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1 9 7 5 , Sa i f  e t  a le 1 9 7 8 ) . Yhen measured agains t ca t alase c rys t a l  as  t he 

i n t ernal cal i bra t i on s t andard , complete ro tavi rus i s  67-68 n m  i n  

d i ame t e r  ( Palme r e t  ale 1 9 7 7 ) .  

The i nner caps i d  cons i s t s o f  capsomeres t h a t  rad i a t e  f rom an 

i cosahedral core approximat ely 38 nm in  diame t e r  ( Palmer e t  ale 1 9 7 7 ,  

Sai f  e t  ale 1 9 7 8 ) .  Many models o f  the arrangemen t o f  t hese capsome res 

have b een proposed ( Kogasaka et  ale 1979 , Mar t i n e t  ale  1 9 7 5 , Ros e t o  

e t  ale 1 9 7 9 , S t annard and Schoub 1 9 7 7 ) .  I t  appears that t h e  model 

proposed by S t annard and Schoub ( 1 977 ) gained more support ( Es parz a  and 

G i l  1 9 7 8 ) . The i nner caps i d  of r o t avi rus has icosahedral symme t ry and 

cons i s t s of 180 mo rphologi cal uni ts  arranged in an open l a t t i ce 

forma t i on wi t h  1 2  spaces a t  the ap i ces being surrounded by 5 capsome r es 

and the  o t her 8 0  s paces by 6 capsomeres . The ou t e r  layer o f  r o t av i rus 

is  composed o f  T-sha ped capsome res at tached d i re c t ly t o  the ends o f  the  

caps omeres o f  the  i nner  caps i d  ( Flewe t t  e t  ale 1 9 7 3 , 1 9 7 4b ) . These 

c apsomeres o f  the  ou t e r  caps id are s i mi lar in  shape to " pushpi ns" and 

are cove red by a t h i n  layer of protein or g lyco pro t e i n  ( Pa l m e r  and 

Mar t i n  1 982 ) .  

1 . 2 . 2  Ro t avi ral genome 

Early s t ud i e s  w i t h  r o t av i ruses from bov i ne , murine and human 

s pe c i es es tabli s hed t h a t  these vi ruses con tained d ouble-s t randed RNA 

( Much and Zaj ac 1 9 7 2 , Pe t r i c  e t  ale 1 975 , Rodge r e t  ale 1 9 7 5 b , Ye l ch 

1 97 1 ) . Subsequen t ly ,  the genomes o f  ro tavi ruses i s olated f r om o t h e r  

s pe c i e s  were found t o  be t h e  same (Todd and McNu l ty 1 9 7 6 ,  1 9 7 7 ) .  

Analys i s  of  ro t av i ral RNA from d i f feren t an i mals by PAGE has c le a r ly 

es tabl i s hed tha t the double-s t randed RNA i s  segmen t ed and composed o f  1 1  

p i eces ( F ig . 1 - 1 )  ( Rodger e t  al . 1 9 7 5b , Newman e t  ale 1975 , Todd and 

McNu l t y  1 97 6 ,  Kal i c a  e t  a le 197 6 ) . These 1 1  RNA segmen t s  can be 

d i v i ded i n t o  four  s i ze-classes ( groups I-IV) on the bas i s  of t h e i r  

mob i l i t y  ( Kal i ca e t  ale 1 9 7 6 , Barne t t  e t  al . 1 9 78 ) .  

Ro t av i ral RNA has a t o t al molecular we igh t ( MY )  o f  1 1  - 1 2  x 1 06 

w i t h  t h e  1 1  segmen t s  rangi ng f rom 2 . 2  x 106 t o  0 . 2  X 1 06 ( Newman e t  a le 

1 9 7 5 , Rodger e t  a l . 1 9 7 5 b , Verly and Cohen 1 9 7 7 ) . The MY o f  t h e  1 1  

s egmen t s  varies s l i gh t ly be tween i s olates from d i f fe r en t  hos t s pec i e s  o r  

d i f fe r en t isola t es f rom the  same spec ies ( Rodger e t  al . 1 9 7 5 b , Ve r l y  

a n d  Cohen 1 9 7 7 ) .  For  the  represen t a t ive ro tav i rus ( NCDV ) , the  MY o f  i t s 
1 1  segmen t s i s  2 . 18 ,  1 . 7 3 ,  1 . 64 ,  1 . 48 ,  0 . 94 ,  0 . 7 7 ,  0 . 50 ,  0 . 50 ,  0 . 50 ,  

0 . 29 and 0 . 2 2 x 1 06 , res pec t ive ly ( Barne t t  e t  ale 1 9 7 8 ) .  
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Pig. 1-1 Scheaatic RNA pattern of a typical group A rotavirus on PAGE. 
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The sequences, protein-coding assignments and functions of 

rotaviral RNA segments have been extensively studied (Arias et ale 

1984, Both et ale 1983, Cohen et ale 1984, Dyall-Smith and Bolmes 

1981a, b, Espejo et ale 1981, Glass et ale 1985, Liu et a1. 1988, 

Lopez et ale 1985, Hason et a1. 1980, 1983, Richardson et ale 1984). 

Due to different methodologies, especially different PAGE systems 

employed, early studies have yielded discrepancies in ·regard to 

nomenclature, gene-coding assignment and numbers (5-13) of polypeptides. 

These discrepancies have been summarized in detail by Estes et ale 

(1983) and Holmes (1983). It is now believed that the 11 segments of 

rotaviral RNA code for 11 primary gene products. The 11 RNA segments of 

SAIl, together with the numbers of base pairs, protein-coding 

assignments, and functions are summarized in table 1-1. In this table, 

the nomenclature ·of the 11 polypeptides is derived from the works of 

Hason et al. (1983) and Liu et al. (1988). Seven viral structural 

proteins are termed as VP followed by numbers, and the four 

non-structural proteins as NS followed by KY. 



Table 1-1. The 1 1  segmen t s  of  ro tav i rus , their func t i ons and protein coding assingmen ts 

Segmen t  
No . 

1 
2 
3 
4 

5 
6 

Base 
pair 

NOb 
NO 
NO 
2 359 

NO 
1 35 6  

Primary 
produc t 

( MV )  

1 2 5  
94  
88 
88 

53 
4 1  

F i na l  Viral 
polype p t ide 

VP l 
VP2 
VP3 
VP4c 

NS53 
VP6 

Funct i on 

No t known 
No t known 
Virion-asso c i a t ed polymerase 
Virulence , hos t-range spec i f i c i ty ,  
neu trali za t i on ,  haemagglutina t i on ,  
pro teoase-enhancemen t o f  plaque 
forma t i on , tryps i n  cleavage for 
cul t iva t i on and infec t ivi ty ,  and 
res tri c t i on o f  human ro tavirus i n  
t i ssue cul ture 
No t known 
Common group and subgroup 
spec i f i c i  t ies 

7 NO 34 NS3 4  No t known 
8 1062 3 7  VP7 Major neutrali za t i on s peci f i t i es 
9 NO 35 NS3 5  No t known 

10 NO 29 NS2 9  No t known 
1 1  NO 26 VP9 No t known 

Referencesa 

Liu  'e t  al . 1 988 
Es pejo et al . 1981 
Flores e t  al . 1 984 
Greenberg et al . 1981  
Greenberg et  al . 1984 
Kal i ca et al . 1 983 
O f f i t and Blava t 1986 
O f f i t et al . 1 986a , b 

Thouless e t  al . 1 9 7 7  
Kal i ca e t-ar:-1 98 1 b  

Greenberg e t  al . 1 983a 

a Re fences g i ven in this table are related t o  the func t i ons of  these polypep t i des .  O t her 
re f erences in rel a t i on t o  the sequence , pro tein-cod i ng ass i gnmen t are g iven in the tex t . 

b No t done . 
e The p roduc t o f  gene 4 i s  s t i l l  referred t o  as VP3 i n  the res t o f  the t hes i s  t o  mai n tain 

cons i s tency wi th  the t erminology used in  mos t o f  the l i tera ture up to 1988 . 
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1 . 2 .3 Biophys i cal and biochemical prope r t i es of  rotavi rus 

Caes ium chlo r i de dens i ty grad i e n t  c en t r i fuga t i on i nd i ca te s  t h a t 

r o t av i ruses have buoyan t dens i t i es  o f  1 . 36 g/ml and 1 . 38 g / m l , 

cor respond ing t o  the double- and s i ngle-shelled par t i cles ( B r i dge r and 

Yoode 1976 , Cohen et  al . 1979 , Rodge r et  al . 1 9 7 7 , Tam et  a l . 1 9 7 6 ) . 

The two types o f  par t icles have a sed i men t a t ion coe f f i c i en t o f  500-530S 

( Newman e t  a l . 1 9 7 5 ,  Pe t r i c  et  a l . 1975)  and 380-400S ( Tam e t  a l . 

1 9 7 6 ) , respe c t i ve ly . The i cosahedral core ( Palmer e t  a l . 1 9 7 7 )  has a 

buoyan t dens i ty o f  1 . 44 g/ml i n  CsCl and a sedimen ta t i on coe f f i c i en t  o f  

280S ( B i can e t  a l .  1 982 ) .  

As enter i c  v i ruses , ro tavi ruses would be expec t ed t o  be r e l a t i v e ly 

res i s t an t  to a low pH and pro t eo ly t i c  enzymes . I ndeed , the v i ruses were 

found t o  be s table at pH values be t ween 3 and 11  ( Meng et  a l . 1 98 7 , 

Palmer e t  al . 1 9 7 7 ,  Yeiss and Clark 1 985 ) . Values below 3 and above 1 1  

have resul ted i n  i nac t iva t i on o f  ro tavi rus i n f ec t i v i t y ,  collapse o f  t he 

ou t e r  shell and changes in  capsome re morpho logy . The inac t i va t i o n  o f  

ro t avi rus a t  ex t reme pH values i s  t empera ture- rela t ed . The hal f l i fe o f  

a bov ine ro tav i rus i s  5 . 2  min , 3 0  m i n  and over 2 4  hours when t e s t e d  a t  

pH 3 a t  37 ° C ,  2 3 ° C and 4° C ,  respec t i vely (We i s s and Clark 1 9 85 ) .  

Di f ferences i n  res i s t ance t o  acids be t ween d i f feren t  s t ra i ns o f  

ro t av i rus have been repo r t ed by Meng e t  al . ( 1 987 ) .  Human r o tavi rus 

was comple t ely inac t i va t ed a t  pH  2 wh i le SAI l  was only par t i al ly 

inac t iva t ed . Pro t eo ly t i c enzymes such as pancrea t i n ,  t ryps in , e las t as e , 

peps i n  o r  papa i n  do not  inac t i va t e  ro tavi rus . Conversly these enzymes 

are found t o  enhance the infec t i v i ty o f  ro t av i rus ( Es tes et a l . 1 9 7 9 ,  

Palme r e t  al . 1 9 7 7 ,  S t eel and To r res -Med ina 1984 ) , and t reat men t w i t h  

these enzymes has been requ i red f o r  successful cul t i va t i o n  o f  

rotavi ruses i n  cell cult ure ( see sec t i on 1 . 2 . 5 ) . 

The res i s t ance o f  rotav i ruses has been t es t ed to a range o f  

d i s i n fectan t s  commonly used i n  hos p i tals ( Kur t z  e t  al . 1980 , Meng e t  

a l . 1 987 , Sa t t ar e t  al . 1 98 3 , Tan and Schnagle , 1 98 1 , 1 98 3 ) .  ------
Rotav i rus was found t o  be inac t i va ted by the fol lowi ng types  o f  

d i s i n fe c t an t s : alcohol ( 70-90% alcohol and 70% isop ropylal coho l ( Sana 
R i nse» ; aldehyde ( 8% fo rmaldehyde and 2% acid  glu t araldehyde ( C i d ex» ; 

halogens ( Provi od i ne and 1% sod i um hypochlor i te ( M i l ton» ; pheno l i c  

compounds ( 2% phenol , 2% lysol ) and sur face a c t i ve agen ts ( qu a t e rnary 

ammonium ( Zeph i ran ) and ampho t e r i c  amino acid  ( Consep t D» . Some o f  t he 

syn the t i c  pheno l i cs , such as B i ogram , Sep t i sol , Hexo l and Savlon , a r e  

e f fe c t ive in  d i s i n fec t ing rotav i rus; wh i le o t hers , such a s  D . R . X . , 
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Germ i c i d al, H i b i tane , and H i b i c lens , are no t .  E th e r , chloro f o r m  and 

i odopho r ( Vescodyne ) have no e f f e c t  on the  i n f ec t i v i t y  of rotav i ru s e s . 

Rotav i ruses are inact ivated by exposure t o  ul t ra v i o l e t  (UV) l i ght 

for  1 5  m i n ,  by hea t i ng at 56° C for 90 min or 80° C f o r  one m i n  ( Meng e t  

al . 1 98 7 ) ,  by Pas t eu r i za t i on ( 6 3 ° C for 30 m i n )  ( Voode and Br idger 1 9 7 5 )  

and b y  t re a tmen t wi th  chlor ine , chlor ine d i oxide , ozone and peracet i c  

a c i d  ( Ha rakeh and Bu t ler 1984 ) . The la t t e r  au t h o r s  found t h a t  human 

ro t av i rus was less sens i t i ve t han SA1 1 to i nac t i va t i o n  by t he age n t s  

inves t i ga t ed . Lyoph i l i zat ion , f reez ing and t haw i ng , and son i ca t i o n  do 

no t reduce ro t avi rus t i t res appre c i ably ( Es tes  e t  a l . 1 9 7 9 ,  Meng e t  a l . 

1987 ) .  Magnes i um sulpha t e  ( 2M )  has been found t o  s t ab i l i z e  t he 

i n fec t i v i ty o f  ro tavi rus when hea ted a t  50° C ,  bu t MgCl 2 ( 2M )  f a i l s  to do 

so ( Es te s  e t  al . 1 9 7 9 ) . At pH values above 1 0 , the infec t i v i t y  o f  

ro tavi rus i s  reduced by t rea tmen t wi th  low concen t ra t i ons ( 5mM ) o f  the 

chela t i ng agen t s  e t hylened iamine t e t ra-ace t i c  a c i d  ( EDTA ) or 

e t hy leneglycobis ( B-aminoe thl-e t he r ) -N ,  N ' - t e t ra-ace t i c  acid ( EGTA ) , or 

wi t h  h i gh concen t r a t i ons ( 2M )  of CaCI2• Howeve r ,  lower levels ( 0 . 1 5 -

1 . 5mH ) o f  CaCl2 have been found to s t ab i l ize  r o t av i rus i n f ec t iv i ty 

( Sh i r ley e t  al . 1 98 1 )  apparen t ly by ma i n t a i n i ng v i r i on i n t eg r i ty .  

These au t hors  found that  the loss o f  infec t i v i ty when t reated w i t h  EDTA 

or EGTA coi nci ded wi th  the removal of the ou t e r  caps i d  layer wh i ch i s  

essen t i al for i n fe c t i vi ty ( Br i dge r and Voode 19 7 6 ,  E l i as 1 9 7 7 ) .  

1.2. 4 Cultivation o f  rotavi rus i n  vitro 

The s i m ian r o t avi rus SA1 1 has been propaga t ed in cell  cul t ure  s i nce  

the 1 9 60s ( Halherbe and S t r i ckland-Cholmley 1967 ) .  I n  the  1 970s , bov i ne 

r o t av i ruses ( Ferne l i us e t  al . 1 9 7 2 , McNul ty e t  al . 1 9 7 6a ,  Mebus e t  a l .  

1 9 7 1 )  and a po r c i n e  ro t av i rus (Voode e t  al . 1 9 7 6 a )  were adap t ed w i t h  

d i f f i cu l ty t o  grow on ki dney cul tures f rom ca t t le and p i gs , 

respec t ively . Early a t t emp t s  t o  cul ture human r o t av i rus i n  p i g  kidney 

cells ( Bana tvala et al . 1 9 75 ) and i n  bovine foe t a l  in tes t i na l  c e l l s  

( Al brey and Murphy 1 9 7 6 )  resu l t ed i n  only l i m i t ed succes s . The 

excep t i on was the repo r t  by Vya t t  et al . ( 1 980 ) o f  the succes s f u l  

cul t i va t ion  o f  a human ro t av i rus s t rain ( Va )  i n  A f r i can green monkey 

kidney cells af t e r  the vi rus was serially passaged 10 t i mes in newborn 

gnoto b i o t i c  pigle t s . 

A maj or breakthrough for  ro t avirus cul t i va t i on i n  v i t ro came when 

pro t eo ly t i c  enzymes such - as pancrea t i n and t ryps i n  we re used to t r e a t  

v i rus samples be fore i nocu l a t ion and /or the i r  inco r pora t i on i n t o  the 
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mai n tenance med i u m  ( Babiuk e t  al . 197 7 , The i l  e t  al . 1 9 7 7 ) .  Th i s  l e d  

t o  t he success fu l  cu l t i va t ion o f  ro t avi ruses f rom man ( Schoub e t  a l . 

1 9 7 9 ) , p igs (The i l  e t  a l .  1 9 7 7 ) ,  ca t t le ( Babiuk e t  al . 1 9 7 7 ) , h o r s e s  

( Hoshino e t  al . 1 98 3 )  and av i an s pecies ( McNu l ty e t  al . 1 9 7 9 ) . M o r e  

s uccess wi th  cul t i va t i on o f  human ro tavi ruses was ach i eved by u s i ng 

cells i n  t ubes i ncuba t ed as rolling cul tures , and wi t h  t ryps i n  a l s o  

be ing i ncorpora ted i n t o  ma i n t enance med i um ( Sa t o  e t  al . 1 9 8 1 , Urasawa 

et al . 1 98 1 ) . Ro t av i ral CPE cons i s t s  of increased cy t o plas m i c  

granula r i ty ,  round i ng o f  cells , obscu r i ng o f  cell bounda r i es and 

even tually de tachmen t of  cells f rom plas t i c  wal ls . 

Al t hough pro t e o ly t i c  enzymes such as t ry ps i n  are requ i red by many 

ro t avi ruses for t he i r  propaga t i on i n  cell cu l tu res , o t her ro t av i r u s e s  

seem to  b e  less dependen t .  These i nclude SA1 1  and some o f  the bov i ne 

ro t avi rus i sola tes des c r i bed ear l i e r  in  t h i s  sec t i on as well as f e l i ne 

and can ine ro t av i rus ( Hosh ino e t  al . 

ro t avi ruses ( Agliano e t  a l .  1 985 ) . 

1 98 1 ,  1 982 ) and some human 

1.2.S Detec t ion of rotav i ruses 

Cul t i va t i on of ro t av i ruses was ini t ially l i m i t ed and could no t be 

used as a d i agnos t i c  t oo l , bu t now , wi th the use o f  pro teoly t i c  enzymes 

such as t ryps i n ,  cul t i v a t ion  o f  these vi ruses has become pos s i bl e .  

However , no t all r o t a v i ruses i n  faeces can be adap t ed t o  grow i n  ce l l s , 

wi th  or wi t hou t t ryps i n  ( Ag l i ano e t  al . 1985 , Albe r t  and B i shop 1 9 8 4 , 

Albe r t  e t  al . 1 98 7a ) . Even those wh i ch have been adap ted usua l ly 

requi red three t o  ten pas sages be fore CPE appeared ( Ag l i ano e t  a l . 

1985 , Albe r t  and B i shop 1984 , Hosh i no e t  al . 1983 , Sa to e t  a l . 1 98 1 ) .  

The refore cul t i va t i on o f  ro t avi rus in  vi t ro s t i l l  c anno t be used f o r  

rou t i ne de t e c t i on o f  t h e  v i ruses , and o t her me thods have there fore been 

developed for the i r  d e t e c t ion . I n  this sec t i on only the four common ly 

used techn i ques are rev i ewed . 

E lectron m i croscopy (EH) : Al t hough a v i ral ae t i o logy o f  

gas t roen t e r i t i s i n  humans and o t her an imals was suspec ted as early as  

the 1940 ' s ( Ligh t and Hodes 1 943 , Cheever and Mue l l e r  1947 ) ,  i t  was n o t 

un t i l  1969 that rotav i rus was d i s cove red by EM i n  faecal f i l t rates  f rom 
d i arrhoe i c  calves ( Mebus e t  a l . 1 969 ) . Subsequen t ly rotavi ruses f rom 
o ther spec i es includ i ng man ( B ishop et al . 1 9 7 3 ,  Flewe t t  et  a l . 1 97 3 )  
and p i gs ( Rodge r e t  al . 1 9 7 5 a )  were also dis cove red by EM . For many 
years therea f t e r , the EM ·t e chni que , wi th or w i thout use o f  spec i f i c  
an t i sera , was almo s t  the only means for demons t ra t i on o f  ro tavi rus i n  
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d i a rrhoei c faeces from d i f fe ren t s pe c i es ( Bishop e t  al . 1 9 7 4 , Flewet t 

�. 1 9 74b) . The EM t e ch n i que has also been w i dely used as a 

s t andard " bench mark" f o r  the  developmen t of o t he r  sys tems f o r  d e t ec t i on 

o f  ro t av i rus ( Brand t e t  al . 1 98 1 , Cheung e t  al . 1982 , Gerna e t  a l . 

1 9 8 7 b , Goyal e t  al . 1 98 7 , G rauballe e t  al . 1 98 1 ) .  Even t hough o t h e r  

d i agnos t i c  sys tems have now been widely ava ilable f o r  r o t av i r u s  

d e t ec t i on ( see below ) , E M  remains one o f  the maj o r  d i agnos t i c  t echniques 

t hroughout the wo rld . 

P olyacrylamide gel e l e ctrophoresi s  (PAGE) :  Ro tavi ral RNA cons i s t s  

o f  1 1  d ouble s t randed segmen t s  wh i ch can be separ a t ed by ele c t rophore s i s  

on agarose o r  polyac rylami d e  gels ( see Fi g .  1 - 1 ) . Thes e  t echn iques  

have been employed for  t axonomi c  and epi demi ologi cal s tud i e s  and  have 

p roved very use ful for  d e t e c t ing var i a t i on s  in  ro t av i ral RNA i sola t e d  

f rom d i f fe ren t ani mal s pec ies  o r  f rom d i f feren t i nd i v i duals o f  a g i ve n  

spec i es ( Cash e t  al . 1982 , Es pej o e t  al . 1 9 7 9 ,  Kalica e t  al . 1 9 7 6 ,  

1 9 7 8 , Rodger e t  al . 1 9 7 9 , Smi t h  and T z i pori 1 9 7 9 ) . Th is  t echn i que was 

no t regularly used for d i agnos i s  because t he procedure , used to pu r i fy 

the v i rus from faeces o r  f rom t i ssue cul t ure prepara t i on , was t ed i ou s  

and t i me consuming . I n  1 98 2 , He r r i ng e t  al . ( 1 982 ) developed a me t hod 

for d i re c t  ext rac t i on o f  r o t av i ral RNA from faeces wi t hou t fur t h e r  

pur i f i ca t i on , and t h e  u s e  o f  s i lver n i t ra t e  t o  s tain  t h e  RNA o n  gel . 

Th i s  procedure drama t i cally reduced the t i me and e f f o r t  requi red t o  

prepare ro tavi ral RNA . S ince then the techn i que has became a s t andard 

procedure for detec t i on and compar i son o f  r o t av i ruses f rom f ae cal 

spec i mens and cell cult u res ( Es t es e t  al . 1 984 ) . I t  can no t o nly 

de t e c t the presence and var i a t i on of. g roup A ro t av i rus b u t  also 

d i s t i ngu ish group A f rom non-group A rotavi ruses . 

Enzyme-linked immunos o rbent assay ( ELI SA) : The ELISA for de t ec t i o n  

o f  ro tavi rus in  faeces f rom man and o the r an i mals was f i rs t d evelo ped b y  
Yolken e t  al . ( 1 9 7 7 a ,  b ,  1 9 7 8 a ) . Th i s  t es t i s  a sandwi ch ELI SA i n  

whi ch goa t an t i -human r o t av i ral an t i body was used as catching an t i body . 

The tes t was found t o  be eas i e r  and more sens i t ive than EM , and more  

s amples could be  handled at  one t i me .  La t e r , howeve r , i t  was found t h a t  

t h i s  ELISA sys tem gave many fals e-pos i t i ve resul t s  s i nce i n  one s t udy 

( Br and t et al . 1 98 1 )  7 3% o f  1834 samples wh i ch were presump t i ve ly 

posi t i ve for ro tavi rus by the ELISA were found t o  be false-pos i t i ves on 

the bas i s  of  EM , IEM , blocking ELISA and con f i rma t o ry E LI SA t es t s .  

These false-pos i t ive reac t i ons were eli m i na t ed when t h i s  ELI SA t es t  was 

f u r ther  mod i f i ed by includ ing a cont rol of r o t avi rus -nega t ive cap t ur e  

an t i body ( p reimmun i z a t i o n )  from t he same ani mal i n  wh i ch an t i -human 
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r o t av i rus an t i body was prepared . Subsequen tly ELI SA tes t s  w i t h  s i milar  

p rocedures were developed and used  all over the  world and became t h e  

mos t commonly used tes t f o r  t h e  d i agnos i s  o f  ro tavi ral infec t ions ( As kaa 

and Bloch 1981 , Beards et  ale 1984 , Coulson and Holmes 1984 , Cromien e t  

ale 1987 , G rauballe e t  ale 1 98 1 ,  Hammond e t  ale 1982 ) .  Some o f  t h e  

as says and t he reagen t s  used have be come commer c i ally ava ilable and have 

been found t o  be very sens i t i ve and s pe c i f i c .  Compar i son be tween two o r  

more o f  these ELISA tes t s  revealed s i m ilar ranges of sens i t i v i ty and  

spec i f i c i ty ( Cromien et  ale 1 98 7 , M i o t t i  et  ale 1 98 5 , Yolken and  

Le i s te r  1 98 1 ) . 

La tex agglut inat i on (LA) tes t:  The LA tes t for the d e t e c t ion o f  

ro tav i rus in  faeces was f i rs t  repo r t ed by Saneka t a  e t  ale ( 1 98 1 )  and i t  

was found t o  agree comple t ely wi t h  the resul t s  f rom EM on 48 sample s . 

Haikala e t  ale ( 1 983)  also developed a la tex agglu t i na t i on t es t wh i ch 

showed a sens i t iv i ty o f  92% and a spec i f i c i ty o f  95% . Subs equently many 

LA tes t s  have also become comme r c i ally ava ilable . Inves t i ga t ions o f  

d i f feren t LA tes t ki ts have revealed t h a t  the spec i f i c i ty o f  all t h e  

t es t s  was h igh ( 98- 100% ) whe reas the sens i t i v i ty var i ed f rom 46-92% 

( Goyal e t  ale 1987 , Haikala e t  ale 1 98 3 , Hammond e t  ale 1 98 4 ,  Kn i sley 

et ale 1986 , Mi o t t i e t  al . 1985 , Pai  e t  al . 1985 ) .  The wide  range o f  

sens i t i v i ty o f  t hese LA t es t s  i s  due t o  the t i me o f  collec t i on rela t i ve 

t o  t he ons e t  of symp toms . Neve r t heless ,  the tes t i s  simple , rap i d , and 

i nexpen s i ve and i t  is  espec i ally use ful for 

small hospi t als , emergency wards and s mall 

o f  ro t av i ral i n fec t i ons ( Pai e t  al . 1 985 ) . 

cli n i cal prac t i t ioners i n  

cli n i cs for rap i d  d i agnos i s  

1 . 3  THE EPIDEMIOLOGY OF GROUP A ROTAVIRAL INFECTIONS 

I n  t h i s  sec t i on the epidemiology of group A ro tavi ral i n fec t i ons i s  

d i s cussed i n  rela t i on t o  three fact o r s; the hos t , t he v i rus and t h e  
env i ronmen t . 

1 . 3 . 1  Bos t s  

G roup A ro tavi ruses have been d e t e c t ed in  a number o f  s pe c i es 

i n clud i ng man and domes t i c  an i mals ( see sec t ion 1 . 1 ) .  In  t h i s  section 

only the i n fec t i ons in man and c e r t a i n  dome s t i c  an i mals are  reviewed . 

Man : Since Bi shop e t  al . ( 1 9 7 3 )  f i rs t  iden t i f ied r o t av i rus i n  

fae ces f rom ch ild ren with d i a r rhoea , ro t av i rus has been es t abli shed as  
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the lead i ng cause o f  i n fan t ile gas t roen t er i t i s throughou t the  wo rld 

( Anon 1 9 7 5 ) . Child ren of s i x  to 24  mon ths of age are mos t c ommonly 

a f f ec t ed ( Adki ns e t  al . 1 98 7 , B i rch e t  al . 1 97 7 ,  Bryden e t  al . 1 9 7 5 ) . 

The ra t e  o f  recovery o f  r o tavi rus from d i ar rhoe i c  child ren v a r i e s  f ro m  

25r. ( Es pej 0 e t  al . 1 9 7 9 )  t o  over 60r. (Konno e t  al . 1 9 7 8 , Nakagomi e t  

al . 1 985 ) , bu t mos t  inves t iga t o rs repor ted t ha t  nearly half o f  t h e  

ch ild ren under f i ve years o f  age that are hos p i  t al i  zed f o r  

gas t roen t e r i  t i s shed the v i rus ( B i rch et al . 1 9 7 7  , Black e t  al . 1 98 0 , ---
Bryden e t  al . 1 9 7 5 , Holdaway e t  al . 1982 , Kapikian e t  al . 1 9 7 6 ,  

Persson e t  al . 1982 , S t als e t  al . 1984 ) . 

Symp t oms in  pa t i en t s  

and vom i t i ng accompan i ed 

i n fec ted wi t h  ro t avi rus may include d i a r rhoea 

by fever and mild - t o-modera t e  dehyd ra t i on 

( H ieber e t  al . 

Rodr iguez , e t  al . 

1 9 7 8 , Konno e t  al . 1978 , Lewis e t  al . 1 9 7 9 , 

1 9 7 9 , 1987 ) .  Seve re dehyd r a t ion and dea ths may als o  

occur , especially i n  d evelop ing coun t r i es where t h e  c ond i t i on i s  

exace rba t ed by malnu t r i t i on , unsan i t ary env i ronments  and i nadequa t e  

med i cal care ( Black e t  a l  1 980 , Soena r t o  e t  al . 1981 ) .  Usually , t he 

d i ar rhoea i s  self l i m i t i ng ,  las t i ng for two t o  e igh t days ( Fos t er e t  al . 

1 980 , Lew i s  e t  al . 1 9 7 9 , Shephard e t  al . 1 975 ) .  Those who develop 

severe dehydrat ion should 

me thods o f  rehydra t i on 

be t reated early by 

( Black e t  al . 1 980 ) . 

o ral o r  i n t ravenous 

Oral rehyd ra t i on w i t h  

glucose o r  sucrose based ele c t roly t e  solu t i ons , especially t h e  formulae 

origi nally developed by �HO for  pa t i en t s  w i t h  diarrhoea due to chole ra , 

have been very success f ul ( Black e t  al . 1 980 , Persson e t  al . 1 9 8 2 , 

Taylor e t  al . 1980 ) . 

Res p i ra to ry symp t oms such as coryza , cough and o t i t i s med i a  h ave 

been obse rved in ro t avi rus infec t ed pa t i en t s  ( H i ebe r et al . 1 9 7 8 , 

Holdaway e t  al . 1 982 , Lew i s  e t  al . 197 9 )  and the vi rus has also been 

de t e c t ed in naso pharyngeal swabs and 

pa t i en t s  wi th  pneumon i a  ( San t osham e t  

i n  t racheal as pi ra tes  f rom four 

al . ( 1 983 ) . Howeve r ,  the 

as soc i a t i on of  r o t av i ral i n fe c t i on wi th  the res p i r a t ory symp t oms i s  no t 

clear ( Goldwa t e r  e t  al . 1 9 7 9 , Pers son e t  al . 1982 ) .  

Alt hough ch i ldren between s i x  and 24  mon t hs old are mos t commonly 

i n fec t ed wi th  group A r o t av i rus , there have been repo r t s  t h a t  newborn 

bab ies can also be i n fe c t ed . However ,  t he rates o f  de t e c t i on in 

neona t es varied f rom d i f fe ren t nurse r i es . In some nurse r i es , nearly 

half o r  all o f  the newborn bab i es were found t o  shed r o t av i rus w i t h i n  
t h e  f i r s t  week 
Madeley e t al . 

o f  li fe  ( Champsaur e t  al , 1 984 , Chrys t i e e t  al . 

1 9 7 8 , Murphy e t  al . 1975 , Perez-Schael e t  al . 

1 9 7 5 , 

1984 ) ;  
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wh i le i n  o t hers , ro t av i rus was no t d e t e c t ed a t  a l l  o r  only sporad i c a l ly 

( Appl e t on e t  al . 1978 , Madeley e t  al . 1 9 7 8 , Perez-Schael e t  a l . 1 98 4 , 

S t e inhof f and Gerba 1978 ) . The d i f feren t rates o f  de tec t i on i n  

d i f feren t nurse r i es are li ke ly t o  b e  due t o  d i f feren t managemen t  sys t ems 

such as c lean ing and d i s i n fec t i ng procedures , i sola t ion o f  i n f e c t ed 

pa t i en t s  and res t r i c t i ons on v i s i t o rs , espec ially ch i ldren unde r  f i ve 

years o f  age . Babies do no t norma l ly shed r o t av i rus i f  the v i ru s  i s  n o t 

a l ready p resen t i n  a nursery , bu t once ro tav i ral i n fec t i on i s  

es t abl i shed i n  a nursery , neona t es i n  t ha t  nurs ery are l i kely t o  become 

i n fec t ed unless appropriate  con t rol measures , such as clos i ng and 

fumiga t i ng t he nursery , are t aken to e l i m i n a t e  the i n fec t i on .  

Adu l t  i n fec t i ons wi th group A r o t av i ruses have been repo r t ed on a 

number o f  o ccas i ons . These i n f e c t ions occur red e i ther epi demi cally o r  

endem i ca l ly i n  commun i t i es .  E p i d em i c  i n fec t i ons by ro t avi rus i n  adu l t s  

were associa ted wi th e i ther the i n t roduc t i on o f  a ro t avi rus car r i e r  i n t o  

isolated  communi t ies ( Fos t e r  e t  al . 1 980 , Li nhares e t  al . 1 98 1 ) o r  

con t am i na t i on o f  d r i nking wa t e r  ( Lycke e t  al . 197 8 ) . I n  t he s e  

epidem i cs , a l l  age groups were usually a f fec t ed . Endem i c  r o t av i ra l  

i n fec t i on s  i n  adu l t s  occur s po rad i cally i n  a propo r t ion o f  a popula t i on ,  

espec i a l ly a f ter con tact  wi th ro t av i rus i n fec t ed chi ldren ( Adkins e t  a l . 

1987 , G r i mwood e t  al . 1 983 , Rod r i guez e t  al . 1979 , Ryder e t  al . 1 9 8 5 , 

1986 ) . Ro t av i ral i n fec t ion has a l s o  been repor ted t o  be assoc i a ted w i th 

t rave l l e r s ' d i arrhoea when people are exposed t o  d i f feren t s t ra i ns o f  

v i rus i n  the new env i ronmen t ( Bol ivar e t  al . 1 9 7 8 ) . 

Pigs : Ro tav i ral infec t i on i n  p i gs was f i rs t  sugges ted when s e r a  

obtai ned f rom p i gs were found t o  con t a i n  an t i bodies agains t c a l f  

ro tavi rus ( Woode and Br idge r 197 5 ) .  Th i s  was fol lowed b y  t he d i s covery 

o f  ro t av i ral par t i cles in  faeces of d i ar rhoe i c  pigs by EM ( Rodge r et  a l . 

1975a ) . Si nce t hen , ro tavi ral i n fec t i on and as sociated d i arrhoea has 

been reco rded in  pigs throughou t t he wo rld . Experimen tal i n f e c t i on s  

wi t h  the v i rus have been car r i ed o u t  in  gno tobio t i c ,  colos t rum-depri ved 

and conven t i onally reared pigs ( Bohl et al . 1978 , Crouch and Woode 

1978 , Lecce e t  al . 1976 , McNu l t y  e t  a l . 1976c , Tzipori  and W i l l i ams 

1978 , Woode e t  a l .  1976a) . In  gno t ob i o t i c  and colos t rum-deprived 

pigle t s , s igns invari ably occur red 1 2  t o  30  hours after  o ra l  

i noriula t i on . Ano rex i a  and vomi t i ng we re i n i t i a l ly obse rved i n  i n fe c t ed 

p i gle t s , , fol lowed by pro fuse , wa t e ry ,  yellowi sh d i a r rhoea . The p igle t s  

t hen b ecame dehydrated and some , espec i a l ly very young pigle t s , d i ed 

three to  seven days a f ter inocula t i on . Surv i v i ng pi gle t s  recovered f rom 

d i arrhoea rapidly and los t we i gh t  was gradually rega i ned . 



conven t ionally reared pigle t s  developed only m i l d  d i arrhoea 

exper i men tal i n f e c t i on (Tz i po r i  and � i l l i ams 197 8 ) .  
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a f t e r  

Unde r  na t u ra l  c i rcums t ances , ro tavi rus has been associa t ed w i t h  t wo 

common d i a rrhoeal synd romes i n  pigs . The f i r s t  i s  t he s o  called " wh i t e  

scours " ,  " m i lk s cou rs " o r  " three-week-old scours " ( Bohl 1 9 7 9 )  wh i ch 

occurs i n  two t o  four  week old sucking pigs and i s  chara c t e r i zed by 

whi te or yel low d i arrhoea ( Mouwen 1 9 7 1 ) .  The deve lopmen t o f  t h i s  

syndrome c o i n c i d e s  w i th t he shedd i ng o f  group A ro t av i rus i n  the faeces 

( Askaa and Bloch 1 98 1 ,  Bohl et al . 1 978 , Ut rera et a l . 1984 , �oode e t  

al . 1 9 7 6a ) . A f fe c t ed animals usually develop m i ld d i arrhoea las t ing 

for one to t h ree days . Dehydra t ion i s  more eviden t in pi gs less t han 10 

days old and in p i gs wi t h  prolonged d i arrhoea . Herd mor t al i ty r a t es due 

to ro t av i ral d i a rrhoea vary f rom 0 to 10% in  pigs ( Bohl e t  a l . 1 9 7 8 , 

T z i po r i  1 98 5 , �oode and Bohl 1 98 1 ) .  

The second d i ar rhoeal synd rome ( pos tweaning d i a r rhoea , P�D ) occurs 

four to seven days af ter  wean i ng (Tzipori  1985 ) .  Pigs weaned at  an 

early age ( 1  t o  3 d ays old ) are mo re severely a f f e c t ed ( Ba r row e t  a l . 

1979 , Lecce and King 1978 , Svensmark 1983 ) .  Ro t av i rus has also  o f t en 

been de t e c ted  i n  d i arrhoeal faeces o f  weaned pigs ( Ba r r ow e t  a l . 1 97 9 , 

Bohl e t  al . 1 9 7 8 , Lecce e t  al . 1 982 , Tzipori  e t  a l . 1 980a ) .  Howeve r ,  

t he role o f  ro t av i rus i n  P�D i s  not  clear s i nc e  d i e tary fac t o r s  and 

enterot oxigen i c  E s che r i ch i a  coli ( ETEC ) are also i nvo lved . Lecce e t  a l . 

( 1 983 ) repo r t ed t h a t  d i a r rhoea i n  weaner pigs wi th h igh nu t r i e n t  i n t ake 

las ted longer t han that  in pigs wi t h  low nu t r ien t i n t ake . ETEC has long 

been i n c r i m i n a t ed as a caus a t i ve agent in  P�D ( Tz i po r i  1 985 ) . A shi f t  

t o  nearly pure haemoly t i c  ETEC in  the aerob i c  faecal flora i n  p i gs four 

t o  seven days a f t e r  weaning coinci des with  the deve lopmen t of  P�D ( Le c ce 

e t  al . 1 98 2 , T z i p o r i  e t  al . 1980b ) . Vhen pigl e t s  were i nocul a t ed w i t h  

ro tavi rus , o r  ETEC or both , a t  the po int  o f  wean i ng ( Tz i po r i  e t  a l .  

1 980a ) , i t  was found that those i n f e c t ed w i t h  ro t av i rus alone developed 

mild d i arrhoea , those infec t ed wi th ETEC developed severe d i ar rhoea 

whe reas those i n f e c t ed four days apa r t  w i t h  bo t h  agen t s  developed t he 

mos t s evere d i sease . Under nat ural condi t i ons , weaned p igs w i th 

r o t av i ral i n fec t i on only deve loped m i ld d i arrhoea wh i le t hose i n fec t ed 

w i t h  bo th ro tavi rus and ETEC developed seve re d i a r r hoea ( Leece e t  a l . 

1 9 8 2) . Fu r t he rmo r e , severe d i ar rhoea could no t be i nduced i n  p i gs by 

ar t i f i cial  inocul a t i on o f  ETEC unless the pigs were i nocula t ed wi t h  ETEC 

d u r i ng a r o tavi rus-associa ted d i a r rhoea . Pigs i n f e c t ed wi t h  ETEC alone 

developed only m i ld d i ar rhoea . From these resul t s , t he authors ( Le e ce 

�. 1982 ) concluded that  ro t avirus damaged t he epi t h e l i um o f  t he 
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small i n t es t ines , thus a l t e r i ng the lumenal env i ronmen t t o  one that  

favoured colon i zat ion by ETEC . The re fore both ro tav i rus and ETEC were 

believed to play a role in the developmen t of P�D . 

Cat tle : Ro t avi rus was i mpl i c a t ed as an i mpo r tan t cause o f  neona t al 

cal f d i a r rhoea in  t he l a t e  1960 ' s  when Mebus e t  al . ( 1 969 ) d i s cove r e d  

the vi rus b y  E M  i n  d i ar rhoe i c  faeces o f  calves and succes s fu l ly 

t ransmi t t ed t he di sease t o  o ther calves by oral inocula t i on wi t h  faecal 

f i l t ra t es . A f fec ted animals deve lop wa tery , yellow o r  yel low i sh-g r e en 

d i arrhoea ( �h i t e  e t  al . 1970 , �oode and Bridger 1975 ) . Expe r i me n t a l  

infec t i on o f  gno tobi o t i c ,  colos t rum-depr ived and conven t i onally reared 

calves wi t h  bovine ro t avi rus resul t ed in  the developmen t of  d i a r rhoea 1 8  

t o  7 2  hours a f ter  i noculat ion ( Br i dger and �oode 1 9 7 5 , Mebus e t  a l . 

1969 , Tz i po r i  e t  al . 1 98 1 , �oode 1 978 , �oode e t  a l . 1 9 7 4 ) .  

Dehydra t i on and subsequen t death occurred more frequen t ly i n  gno t ob i o t i c  

and colos t rum-depr ived calves . Unde r  na t ural c i rcums t ances , calves 

become i n fe c ted w i th group A rotav i rus before four weeks of age , usua l l y  

be tween three and 1 5  days , and develop m i ld to moderate d i a r rhoea ( De 

Leeuw e t  al . 1 980 , McNu l t y  and Logan 1983 , �oode and B r i dger 1 9 7 5 ) . 

Mos t of  the a f f e c ted animals recovered w i th or wi thou t f l u i d  therapy and 

mo r tal i ty ra t es were low . 

Pa t tern o f  ro tavi ral i nfec t ion : As desc r i bed above , r o t av i ra l  

infec t i on i s  rare i n  i n f an t s  less than s i x  mon ths of  age . I f  i t  d o e s  

occur , i t  i s  usually asymp t oma t i c  ( Chrys t i e e t  al . 1975 , Perez- Schael 

e t  al . 1 984 ) . The mos t suscep t i ble period for ro t av i ral i n fec t i o n  i n  

chi ld ren i s  be t ween s i x  t o  2 4  mon ths o f  age . Mos t ch i ld r en become 

infected dur i ng this period ( B ryden et al . 1 97 5 ,  Holdaway et al . 1 9 8 2 , 

Ma t a  e t  al . 1 98 3 ) . Ro tavi ral infec t i on in  people older t han f i ve years 

of  age i s  much less frequen t ( Adkins e t  a l . 1987 ) .  Repea t ed i n f e c t i on s  

wi t h  rotav i rus have been repor t ed frequen t ly ,  espec ially i n  ch i ld r e n  

dur ing t h e  per i od of grea t es t suscep t i b i l i ty ( B ishop e t  al . 1 98 3 , Ch i ba 

e t  al . 1986 , Konno e t  al . 1 978 , Yolken e t  al . 1978 c ) . I n  a coho r t  o f  

45 children fol lowed for  t h ree years f rom bi r t h ,  Ma t a  e t  a l . ( 19 8 3 ) 

found that  44 o f  these chi ldren had a t  leas t two and s ome as  many as  

seven epi sodes o f  ro tav i ral i n fec t i on .  

The pa t t ern o f  infec t i on by g roup A ro tavi rus has also been s tu d i e d  
i n  pi gs . P igs less than one week of age a re rarely i n fec ted  ( Bohl e t  
al . 1978 , Ut rera et al . 1 984 ) . P i gle ts  become i n fe c t ed a t  t he 
beg i nning o f  the second week. and t he prevalence then increase s  w i t h  age 
t o  reach a peak at f i ve t o  s i x  weeks o f  age ( Askaa e t  a l . 1 98 3 ,  



Svensmark 1 98 3 , Ut rera e t  al . 1 984 ) .  

have shed the vi rus ( Debouck and 
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By this  t i me mos t o f  t he p i g l e t s  

Pensea r t  1983 ) .  The d u ra t i on o f  

shed d i ng i s  gen e rally f i ve t o  e igh t d ays i n  both expe r imen t al ly and 

na t u rally i n fe c t ed pigle t s  ( Crouch and �oode 1 978 , Debouck and Pensa e r t  

1983 , Tz i po r i  and � i l l i ams 1978 ) . P i g l e t s  born o f  g i l t s  usually become 

i n f e c t ed wi t h  ro tavi rus ear l i e r  ( 5  to 14  day s )  than those born of s ows 

( 2 1  t o  3 5  days ) ( Askaa et al . 1 98 3 ) . Svensmark ( 1983 ) obse rved t h a t  

pigle ts  weaned a t  two weeks o f  age developed ro tav i ral i n fe c t i on ear l i e r  

and suf fered more severe diarrhoea t han those weaned a t  4 t o  5 weeks o f  

age . Shedd i ng o f  ro t av i rus i n  fa t t ener  pigs has als o been s t ud i ed . 

Debouck and Pensae r t  ( 1 983 ) repo r t ed t ha t  shed d i ng o f  r o t av i rus by p i gs 

two weeks a f t e r  wean i ng was an exce p t i o n ,  whi le G rom e t  a l . ( 1 984 ) 

d e t e c ted ro tavi rus f rom 15% o f  f a t t ener pigs . The d i f ferences i n  these 

s tud i es were e i ther due t o  d i f feren t me thods used for  d e t e c t i o n , o r  due 

t o  d i f fe r ences i n  v i rulence o f  d i f feren t s t rains of  r o t av i r u s . 

Ro t av i rus has also been detected  o ccas i onal ly i n  faeces o f  old  p i g s , 

espe c i a l ly i n  gi l t s  ( McNulty  e t  al . 1976c ) and sows ( Ben f i eld e t  a l . 

1 982 , eo r th i e r  e t  al . 1 980 ) . 

S i m i lar  pa t t e rns o f  rotavi ral i n fec t ion have also been obse rved i n  

o t her an i mals such 

1 97 2 ,  McNu l ty and 

( Eydel l o th e t  al . 

as ca t t le ( De Leeuw e t  al . 1 980 , Fernel i us e t  a l .  

Logan 1983 , Voode and B r idger 1975 ) and m i ce 

1984 , She r i dan e t  a l .  1 983 , Vo l f  e t  al . 1 9 8 1 ) . 

The apparen t lower suscep t i b i l i ty of  neona tal  an imals t o  ro t av i r a l  

i n fe c t i on may b e  due t o  the lowe r a c t iv i ty o f  pro t eo ly t i c  enzymes and 

the presence o f  ma t e rnal an t i body in the gu t .  Pro t eoly t i c  enzymes have 

been shown to i ncrease rotav i rus i n fec t i v i ty both in  vi t ro and in v i vo 

( E s t es e t  a l . 1 98 1 , S t eel and To rres -Med ina 1984 ) . The lower 

concen t ra t i on o f  pro teoly t i c  enzymes in the gu t (�o l f  et al . 1 98 1 )  and 

the presence o f  enzyme inhibi tors  in colos t rum and m i lk ( S teel  and 

To rres -Med ina 1984 ) may serve as  natural de fence mechan i sms aga i ns t 

ro tavi rus . The p ro t ec t ive ef fec t o f  ma ternal ly-deri ved an t i bod i e s  i n  

neona t e s  w i l l  be d i s cussed i n  d e t a i l  i n  sec t i on 1 . 5 . 3 .  

The apparen t lowe r suscep t i b i l i t y of adu l t  an i mals t o  r o t av i ra l  

i n fec t i on has been t hough t t o  b e  due t o  the matura t i on o f  i n t es t i na l  

c e l ls and the acqu i s i  t i on of  " age res i s tance " .  Vhen mi ce born o f  

s e ro-nega t i ve dams were inocula ted wi th EDIM v i rus a t  d i f feren t ages , i t  

was found that  ro tavi rus repl i c a t i on peaked i n  the i n t es t i nal c e l l s  o f  
s even t o  1 4  day o ld m i ce . Only m i n i mal repl i c a t i on was obse rved i n  m i ce 
o l d e r than 2 1  days o f  age ( Eyde l l o t h  e t  al . 1 984 , She r i dan e t  a l . 
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1 98 3 ,  Wo l f  e t  a l . 1 9 8 1 ) . By t rea t i ng eigh t  day old m i ce w i t h c o r t i s o n e  

t o  induce par t i al i n t es t inal ma tura t ion , Wolf  e t  al . ( 1 9 8 1 ) obse rved 

tha t the  suscep t i b i l i ty t o  rotaviral i n fe c t i on was reduced to  60% i n  

t re a t ed m i ce compared w i t h  94% suscep t i b i l i t y i n  age-ma t ched con t ro l s . 

The i mmune s t a t us of  i nd i vi duals and the v i rulence o f  v i rus may 

also  i n f luence the suscep t i b i l i ty of  older an i mals . Also mo r e  t han o n e  

sero type o f  ro t av i ru s  has been ident i f i ed i n  many species o f  an i ma l s  

( s ee s e c t ion 1 . 3 . 2 ) .  Usually , immun i ty developed a f t e r  i n fe c t i on w i t h  

one sero type does no t pro tect  agains t infec t i on w i t h  ano ther s e r o t y p e  

( Ch i ba e t  al . 1986 , Yolken e t  al . 1978c ) . Therefore adul t an i mals  may 

become i n fec ted when they are exposed to a serotype wh i ch i s  d i f fe r e n t 

f r om tha t t o  wh i ch they were prev i ously infec ted . Th i s  coul d  b e  

suppo r t ed by those reports  on ro tavi ral epi dem i c s  wh i ch occur red a f t e r  

the i n t rodu c t i on o f  a rotaviral car r i e r  i n t o  i sola ted commun i t i e s  

( Fo s t e r  e t  al . 1 980 , Li nhares e t  al . 1981 ) .  In these e p i d em i c s , 

people o f  all  age groups were af fec ted . 

Di f ferences i n  vi rulence have been demons t ra t ed be tween bov i n e  

r o tav i rus s t rains . cclp i o  e t  al . ( 1 98 1 )  s t ud i ed four bov ine  ro t av i r u s  

i s ol a t e s  i n  t h e  l i ga t ed i n t es t inal loop model and cons i s ten t ly f o u n d  

t h a t  t hree o f  t h e  four s t rains i nduced s i gni f i cant  vi llous a t ro phy i n  

the  j ej unum wh i l e the other s t rain fa i led to do so . The la t t e r  i s o l a t e  

had a d i f fe ren t RNA pa t t ern from those o f  t h e  o ther three more v i ru l e n t 

v i ruses . B r idger and Pocock ( 1 986 )  s t ud i ed three bov ine i s o la t e s  i n  

gno t ob i o t i c  calves . Two of  these caused only subclin i cal i n f ec t i o n  i n  

calves less t han 1 6  days o f  age , wh ile the t h i rd i solate caused s ev e r e  

d i arrhoea in  calves u p  to at leas t 1 1 6  days o f  age . On the  bas i s  o f  

t hese observa t i ons , Bri dger and Pocock ( 1 986 ) concluded t h a t  s o me 

s t ra i n s  caused d i s ease in  all ages , some i n fec ted all ages but  caused 

d i sease only i n  t he young , wh i le o thers i n fec ted the young w i thou t 

cau s i ng d i s ease . 

Cross i n f e c t ion o f  ro t av i ruses be tween s pecies : The ques t i on o f  

whe ther  o r  n o t  ro t avi ruses can cross spec i es ba r r iers has c ons i d e ra b l e  

i mpo r t ance i n  t h e  e p i demio logy of  ro t avi ral i n fec t i on and pub l i c  heal t h . 

Expe r i mental  cross-species t ransmiss i ons have revealed t h a t  human 

r o tavi rus could i n fect gno tob i o t i c  pi gs ( B r idger et al . 1 97 5 , Dav i d s o n  

e t  al . 1 9 7 7 ) ,  calves ( Ligh t and Hode 1943 , Wya t t e t  al . 1983 b ) , lambs 

( Snodgrass et a l . 1977 ) ,  monkeys ( Wya t t  e t  al . 1 9 76 ) , mice ( Gouvea e t  

a l . 1 986 ) and d ogs (Tz i pori  1976 ) as j udged by the developmen t o f  

d i arrhoea , the shedd ing of  v i rus and a serological respons e .  
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Cross species  i n fec t i ons wi t h  rotaviruses of  o ther an i ma l s  have 

also been des c r i bed . Gno t o bio t i c  pigle ts  are suscep t i ble to bov i ne ,  

equ i ne , s i m i an and ovine r o t a v i ruses (Br idge r and Brown 1 984 , Yoode and 

Bohl 1 98 1 ,  Yoode and B r i dger 1975 , Yoode e t  al . 1 9 7 6 b ) . Howeve r ,  

calves appear t o  b e  less suscep t i ble t o  porcine v i ruses ( Br i dger and 

B rown 1984 , Yoode et a l . 1 97 6b , Zissis  et al . 1 9 8 3 ) .  Sucki ng m i ce 

have also  been re po r t ed t o  be sus cep t i ble t o  monkey ro t avi rus ( SA 1 1  and 

RRV ) ( Greenberg e t  al . 1 986 , Of fi t and Clark 1 9 85 ) . Gene ral ly , t he 

sym p t oms i n  the an i mals i n fec t ed wi th rotavi rus from o t he r  spec i es a r e  

m i lder  than those i n  an imals infected wi th vi rus f rom t h e  same s pe c i e s . 

Nat ural t rans mi s s i on o f  ro t avi ruses be tween s pe c i e s  has no t been 

recorded . Ryder et a l . ( 1 986 ) found no corre la t i on between ro t av i ral  

i n f e c t i on i n  ca t t le  and  ca t t le farmers in  Panama . 

evi dence sugges ts tha t nat ural t ransmission o f  

However , 

r o t avi ruses 

i nd i r e c t  

b e t ween 

species  may occur . Ro tavi rus sero type 3 embraces r o t av i ruses f rom a 

w i d e  range of  s pe c i es i ncluding human , si mian , po r c i ne , murine , equ i ne ,  

lapine , can ine and f e l i ne spec i es ( Hosh ino e t  al . 1 9 8 7 a ) . Hea t h  e t  a l . 

( 1 986 ) sugge s t ed that  natural t ransmission be tween ca t s  and man m i gh t  

have o ccurred s i nce two f e l i ne ro tavi rus s t ra i n s  could n o t  be 

d i s t i ngu i shed u s i ng monoc lonal an t i bod ies ( MAbs ) from s even s t ra ins o f  

human r o t av i rus i s ola ted i n  the same labora t o ry .  Mo reove r ,  t he v i rus , 

belong i ng t o  subgroup I but  w i th a long RNA pa t t ern ( s ee sec t i on 1 . 3 . 2 ) ,  

i s ola t ed f rom a man i n  Japan ( Nakagomi et al . 1985 ) m i gh t  be an ani mal 

r o t av i rus s t rain  t ha t  i n f e c t ed man . The vi rus had homology only of i t s 

VP7 w i t h  human ro t av i rus sero type 3 bu t had weak homol ogy wi th a l l  t he 

RNA segmen t s  o f  NCDV and RRV ( a  s t rain of monkey r o t av i ru s )  as reve a l ed 

by RNA-RNA hybr i d i z a t i on ( Nakagomi e t  al . 1987 ) .  

F rom the above f i nd i ngs , the s t atement  made by Ho l mes ( 1 983 ) s t i l l 

holds t rue tha t  " ro tavi ruses are moderately , though ce r t a i nly n o t  

absolu t e ly , hos t - s pec i f i c  i n  nature" . 

1 .3.2 The v i ruses 

The charac t e r i z a t i on o f  rotavi ruses has been des c r i bed i n  de t a i l  i n  

sec t i on 1 . 2 .  I n  t h i s  sec t i on , the classi fica t i on o f  group A ro t av i rus 

i n t o  s ubgroup , sero type and elec t rophore type i s  presen t ed in  rela t i on to 

the epidemiology of ro tavi ral in fec t i on . 

Subgroups : Early class i f i ca t ion of ro tavi ruses i sola t ed f rom 

d i f f eren t  species was con fus ing s i nce rotav i ruses wi th d i f f e r e n t  
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an t igen i c  compos i t i on revealed by var i ous serolog i cal me t hods s u c h  as 

complement  f i xa t i on ( CF ) , ELISA , i mmune elec t ron m i c roscopy ( IE M )  and 

serum neu t ra l i za t i on ( SN )  we re cal led d i f fe ren t sero types or types 

( Thouless e t  al . 1 9 7 7 ,  1978 , Yo lken e t  a l .  1 978c , Z i ss i s  and Lambe r t  

1 9 78 ) .  La ter Kap ikian e t  al . ( 1 98 1 )  found that the an t igen r ecogn i zed 

by ELI SA and immune adherence haemagglu t i nat i on ( IAHA ) sys t ems was 

d i f ferent  f rom that  recogn ized by neu t ral i z a t i on .  The au thors p roposed 

t hat the term ' subgrou p '  be employed for an t igen recogni zed by ELI SA and 

I AHA and the t e rm ' s ero type ' for that recogn i zed by neu t ra l i za t i on .  

This  p roposal was fur ther suppor ted  by b i ological evidence tha t t he s e  

t wo an t igens segrega t ed wi t h  d i f ferent gene segmen t s  ( Kal i ca e t  a l . 

1 981b , Greenbe rg e t  al . 1983a , Smi th et al . 1980 ) . Subgroup 

s peci f i c i  ty  is  assoc i a t ed w i t h  VP6 , coded by RNA segmen t 6 wh i le 

s e ro type s pec i f i c i ty i s  d e f i ned by VP7 , coded by segmen t 8 o r  9 

d epend i ng on the par t i cular s t ra i ns o f  ro t av i rus . 

The subgroup an t i gen could be read i ly detec t ed by us i ng CF , ELI SA ,  

IEM and IAHA and up t o  now , two subgroups have been we l l  d e f ined ( WHO 

1 984 , G reenberg et al . 1 983 b ) . ELI SA tes t s  us i ng MAbs aga i ns t the t wo 

s ubgroups have also been developed t o  d e t e c t  subgroup an t i gen in v i r u s e s  

already adap t ed t o  cell cul ture or presen t in  faecal samples ( G r eenberg 

e t  al . 1983b , 
n 

S i gh e t  a l . 1 98 3 ) . By employ i ng one or more o f  these 

assays , mos t  ro t av i ruses i sola t ed throughou t the wor ld , even the 

' super-sho r t '  s t ra i ns , could be c lass i f ied into  one o f  the two s ubgroups 

( Albe r t  et al . 1987 b ,  Bohl et al . 1984 , Hosh i no e t  al . 1 98 4 , 1 9 8 5 b , 

Mat suno e t  al . 1985 , Nagesha and Holmes 1988 , Nakagomi e t  al . 1 9 8 5 , 

U rasawa e t  al . 1987 , Wh i t e e t  al . 1 984 , Wya t t  e t  al . 1983a ) . Mos t 

human ro t avi ruses belong t o  subgroup I I  except  for t hose sho r t  and 

' super-sho r t '  s t ra i ns wh i ch are subgroup I .  In  con t ras t ,  mos t an i ma l  

r o t av i ruses belong t o  s ubgroup I exce p t  for two s t ra i ns o f  por c i ne 

r o tav i ruses ( G  and SB- 1A)  wh i ch are subgroup I I  speci f i c . In  add i t i on , 

s ome r o tav i ruses are no t subgroupable by t hese t es t s .  These i nc lude a l l  

avian g roup A ro tavi ruses (Greenberg e t  al . 1 983b , Hos h i no e t  a l . 

1 984 ) , equine rotavi rus s t ra i n  H-2 ( Hoshino e t  al . 1984 ) , mur i ne ---
ro tavi rus s t rain EDIM ( G reenberg e t  al . , 1 983b ) , human ro tavi rus s t ra i n  

G402 ( Urasawa e t  al . 1987 ) and some human s t rains wh i ch have no t ye t 

been adapted to cell cul t ure ( Lambe r t  e t  al . 1984 , Tu fvesson 1 98 3 , 

Wh i te e t  al . 1984 ) . 

The clas s i f i ca t i on o f  two subgroups o f  ro tavi rus has been suppo r t ed 

by b i o logi cal evi dence . R'o t avi ruses belong ing t o  the same subgroup have 

h ighe r degrees of  homo logy in sequence of gene 6 and in pred i c ted  am i no 
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a c i d  s equences than those belonging t o  d i f feren t s ubgroups . Thus , Cohen 

e t  a l . ( 1 984 ) observed 8 7 %  homo logy in  s equence of  gene 6 and 9 7% 

homology i n  that o f  pred i c ted amino acid  be tween bovi ne ro t av i rus  RF and 

s i m i an rotavi rus SA1 1 .  Both  of the s t rains b e l ong to subgroup I .  Vhen 

s ubgroup I ( SA1 l and RF ) and s ubgroup II ( Va )  �o t av i ruses were compa r ed , 

only 7 8% o f  the i r  gene 6 sequences and 9 1% o f  t he i r  deduced am i no a c i d  

s equences were conserved ( Bo t h  e t  al . 1984 ) .  

However ,  the fac t that  many ro t av i ruses i so l a t ed to da t e  can no t be 

c l as s i f ied i n t o  e i ther o f  the two subgroups ( se e  above ) ind i ca t es the 

ex i s t ence o f  mo re t han two subgroups of  group A rotavi ruses . This  

hypo t hes i s  could be  fur t he r  suppor ted . Hosh i no et  al . ( 1 98 7 a )  f ound 

t h a t  an equine rotav i rus ( F l - 14 ) ( G i l les p i e  e t  al . 1 98 4 ) b o re bo t h  

s ubgroup I and I I  spec i f i c i t ies  o n  i t s VP6 . S i x  g roups of  MAbs aga i ns t 

VP6 o f  this  i solate  were produced and two o f  t hese reac ted s pe c i f i c a l ly 

w i t h  subgroup I and s ubgroup I I  s peci f i c i ty ,  respect ive ly . O t hers  

reac t ed ei the r  wi th a s pec i f i c  s t rain , o r  c e r t a i n  s t rains o r  a l l  of  the  

mammal i an ro tavi ruses when t es ted agains t a panel of  49  r o tavi ral 

i s o l a tes from n i ne spe c i es includ ing man . S i mi lar resul t s  were also 

achi eved by Lamb e r t  et a l . ( 1 984 ) i n  wh i ch two of the i r  four  MAbs 

reac t ed spec i f i cally wi th s ubgroup I and II r e s pe c t i vely . One of the 

o t h e r  two reac ted only w i th t hose s t rains wh i ch the au thors 

c l a i med t o  be a new s ubgroup ( subgroup I I I ) ( Lambe r t  et al . 

prev i ou s ly 

1 98 3 ) and 

the o t her reac t ed wi th s ome s t rains in bo th s ubgroups I and I I . 

Sero types : Since Kap ikian e t  a l .  ( 1 98 1 )  defined r o t av i rus 

s e ro types as de t ec t ed by neu t ra l i z a t ion o f  i n fec t i v i ty and Sa t o  e t  al . 

( 1 98 1 )  succes s fu l ly adap ted human ro t avi rus i n  c e l l  cul ture by emp l oy i ng 

t he roller cul ture sys t em i n  the presence o f  t ry ps in ,  many r o t av i rus 

s t ra i ns f rom d i f fe ren t spec ies have been sero t yped . Tes t s  used f o r  

s e r o typing include plaque reduc t i on neut ral i z a t i on ( PRN )  ( Vya t t  e t  al . 

1 98 2 , 1983a , Hoshino e t  al . 1 984 ) ,  fluorescen t focus assay ( FFN ) 

( Coulson e t  al . 1985 ) ,  and se rum neu t ral i za t i o n  ( SN) ( Gaul e t  al . 

1 9 8 2 ) . A v i rus i s  de f ined as belonging t o  a new sero type i f  t i t r a t i on 

u s i ng hype r i mmune sera in  a PRN and SN assay showed a t  leas t a 2 0 - fold 

r e c i procal d i f f e rence i n  t i t re be tween homo logous and he t erologous 

reac t i ons . If convales cen t sera are used in PRN , o r  i f  FFN is u s ed , 

t hen i t  migh t no t be pos s i ble t o  demons t ra t e  mo re t han an 8 - fo l d  

d i f fe rence be tween homo logous and he t erologous s t ra i ns ( VHO 198 4 ) . 

Up t o  1 984 , a t  leas t four sero types o f  human r o t av i ruses ( Vya t t e t  

a l . 1 983a) , two sero types each o f  po r c i ne ( Bohl e t  al . 1 98 4 )  and 
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e q u i n e  r o t av i ruses ( Hoshino e t  al . 1 983 ) , and three bov ine ro t av i r u s  

s e r o types ( Br idger and B rown 1 98 4 ,  I hara e t  al . 198 3 , Voode e t  a l . 

1 9 8 3 ) had been desc r i bed . Hoshino e t  a l . ( 1 984 )  uni f ied t he 

c la s s i f i ca ti on sys tem for ro tav i rus sero types by comparing 1 6  d i f fe r en t 

s t ra i ns o f  ro tavi ruses f rom seven mamma l i an and two 

Among these s t rains , seven sero types were found 

c l as s i f i e d  the four human serotypes as sero types 1 t o  

avian s pec i e s . 

and the au t h o r s  

4 ,  respec t i ve ly . 

An i ma l  r o t avi ruses we re ten tat ively class i f i ed as s ero types 5 ( one each 

o f  porcine and equ ine ro tavi rus s t rains ) , 6 ( bovine rotavi rus NCOV and 

UK ) , and 7 ( avian ro t avi ruses ) , respe c t i ve ly . In tha t s t udy , i t  was 

f ound that s i mi an rotavi rus , can ine ro tavi rus , and one equ i ne ro tavi rus 

s t ra i n  shared sero type speci fici t y  wi th human r o t av i rus serotype 3 ;  two 

porc i ne ro tavi rus s t rains shared serotype s pe c i f i c i t y wi t h  human 

s e ro t ype 4 .  One of these po r c i ne s t rains  also shared sero t y p e  

s pe c i f i c i ty wi th rotav i rus sero type 5 ( OSU porc ine r o t av i rus ) and 

t he r e fore bri dged be tween sero types 4 and 5 .  

The clas s i f i ca t i on sys tem des c r i bed has been suppor ted by s tu d i es 

o f  the molecular bi ology o f  the vi rus . By RNA-RNA hyb r i d i za t i on ,  

M i d t hun e t  al . ( 1 98 7a)  showed a high degree o f  homology be tween t he 

genes ( gene 8 or 9_- : ) . _ ) wi thin  each o f  t he four human sero types . 

Hyb r i d  band s  could no t be demons t ra t ed i n  the genes between t h e  

r e p resen t a t i ves of  the four human sero types ( 0 ,  OS-l , P ,  ST3 )  and t he 

c o r r e s pond i ng genes o f  human r o t av i ruses belong i ng t o  a d i f fe r en t 

s e ro ty pe . By comparing the nuc leo t i de sequence o f  the gene cod ing f o r  

t h e  neu t ra l i za t ion pro t e i n  VP7 , high degrees o f  homology ( 95-98% ) were 

o b s erved be tween th ree bovine rotav i rus s t rains  ( NCOV , UK and RF ) ,  wh i ch 

b e longed t o  the same sero type (Cha rp i l i enne e t  al . 1986 ) . Only 7 4 - 7 7 %  

homology was demons t ra t ed be tween d i f fe ren t sero types ( such a s  R F  and 

SA1 1 ,  Va and RF , UK and SA1 1 , Va and UK, Va and SA1 1 )  ( A r i as et a l . 

1 98 4 , Charp i l i enne e t  al . 1986 , Oyal l-Simth  and Holmes 1 98 4 ,  Ri chardson 

et  a l . 1 9 84 ) . Along t he pred i c t ed amino acid  cha i n  of  VP7 , s i gn i f i can t 

d i ve rgences were observed i n  t he reg i ons o f  39-50 , 8 7 - 1 0 1 , 1 20- 1 30 , 

1 4 3 - 1 5 2 ,  208- 2 2 1 , 233-242 and were des igna t ed as A ,  B ,  C ,  0 ,  E and F ,  

r e s pec t ively by Glass e t  al . ( 1 985 ) . These region s  may be i nvolved i n  

s e ro type s peci f i c i t y .  Fur ther inves t i ga t ion o f  f our human serot ypes 

( s e r o t ypes 1 ,  2 ,  3 and 4)  and two an imal sero types ( sero types 5 and 6 )  

by Green e t  al . ( 1 987 ) con f i rmed the f i nd i ng o f  G lass e t  al . ( 1 985 ) . 

Ro t a v i ruses o f  d i f feren t sero types exh i b i ted s ignif i cant  sequence 

d i v e rgence ( 1 5- 29% ) in  reg i ons A t o  F whereas marked amino acid sequence 

conserva t i o n  ( 9 1-99%) was · found in  these regions among membe rs of a 

g i ven s e ro t ype independen t of  place o f  o r i g i n  o r  year of i s o la t i on .  
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Two more serO types o f  human group A r o t av i ruses , wh i ch d o  n o t 

belong t o  any o f  t he exi s t i ng four human o r  any o ther an i ma l  sero t y p e s , 

have been iden t i f i ed recen t ly .  One was the v i rus d e t e c t ed i n  Indone s i a  

( Alber t 1985 , Has egawa e t  al . 1 984 ) . The v i rus possesses a u n i q u e  

genom i c  pa t t e rn a s  revealed by PAGE and i s  cal led t h e  ' super-sho r t ' 

s t ra i n  o f  r o t av i rus . Three i solates (B37 , B38 , 69M ) have been adap t ed 

t o  MA- 104 cells ( Albe r t  e t  al . 1987 b ,  Has egawa e t  a l . 1984 , Ma t suno e t  

a l . 1985 ) and fur t he r  charac t e r i za t i on by PRN and FFN has revealed t h a t 

they cross-react  w i t h  each o t her bu t no t w i t h  any o f  the o t her known 

human o r  an i mal sero types . The v i rus was des igna t ed ten t a t i ve l y  as  

human r o t av i rus sero type 5 .  Ano t he r  is  the v i rus s t ra i n  WI 6 1  i so l a t ed 

i n  Ph i ladelph i a ,  USA from an 18  mon t h  old g i r l  w i t h  a h i s t ory o f  chron i c  

fai lure t o  t hr i ve ( Clark e t  al . 1987 ) .  PRN assay has shown the i s o l a t e  

t o  be d i s t i n c t  f rom the o ther f i ve human s e ro types and three an i ma l  

i sola t es wh i ch were sero types 5 ,  6 and 7 a s  de f i ned b y  Hosh ino e t  a l . 

( 1984 ) . Thi s v i rus was des ignated ten t a t i ve ly as human r o t av i ru s  

sero type 6 .  

In  p i gs , two o r  poss i bly three more sero types have also been 

i d en t i f i ed recen t ly .  One was i solated i n  Aus t ra l i a  ( Nagesha and Holmes 

1988 ) . This  v i rus ( MDR- 1 3 )  had s i m i lar sero type spec i f i c i ty as  human 

sero type 3 and showed a t wo-way cross-reac t i on wi t h  o ther s e r o t y p e  3 

v i ruses . The o t her two was i s ola t ed in t he USA ( Paul e t  al . 1 9 88 ) .  

These two v i ruses d i d  no t show any rela t i onsh i p  t o  porcine sero t y p e s  4 

( G  s t ra i n ) , 5 ( OSU s t ra i n )  o r  to each ot her . Bu t t he i r  rela t ions h i p  t o  

o ther known sero t ypes f rom o ther s pecies have no t ye t been s tud i e d . 

The recogn i t i on that  both VP7 and VP3 are involved in  e l i c i t i ng 

neu t ral i z i ng an t i bodies  ( Hoshino e t  al . 1985a , O f f i t  and Blava t 1 9 8 6 )  

explains t h e  obse rva t i on made by Hosh ino e t  al . ( 1 984 ) that a p o r c i n e  

ro tavi rus s t ra i n  SB-1A bri dged between sero types 4 a n d  5 .  Th i s  w a s  d u e  

t o  that  t he v i rus d e r i ved i t s V P 3  from one sero type and VP7 f rom 

ano t he r .  Now i t  i s  known that  SB-1A  shares an t igen i c  s pec i f i c i ty o f  VP3 

wi t h  OSU s t rain  ( s ero t ype 5)  and VP7 wi th G s t rain  ( s ero type 4)  ( Hosh i no 

e t  al . 1987 b ) . More ro tavi ruses showi ng dual sero type spec i f i c i t i e s  

have been d e t e c t ed s i nce 1984 . Thus Hoshino e t  al . ( 1 985b)  found t ha t  

a neona tal s t ra i n  ( M3 7 ) from Vene zuela belonged t o  bo t h  sero t ypes 1 and 

4 .  Th i s  s t ra i n  shares VP3 wi t h  sero type 4 and VP7 wi t h  s e ro t y p e  1 

( M i d thun e t  a l . 1 9 8 7 b ) .  Ano ther human ro tav i rus ( F 153)  w i t h  d ua l  

sero type s peci f i c i t i es  be tween sero types 1 a n d  4 was isolated i n  Kenya 

and was also found to pbssess sero type 4 s pec i f i c  VP3 and sero t y p e  1 

s pe c i f i c  VP7 ( Urasawa e t  al 1987 ) .  At the same t i me , thes e au t h o r s  
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( Ur asawa e t  al . 1987 ) i sola ted t wo other s t rains ( F247  and G402 ) t h a t 

showed c ross-reac t i v i ty wi t h  bo t h  serotypes 3 and 4 .  A p o r c i ne 

ro t av i rus s t rain ( CR�-8 ) was found t o  bri dge sero types 3 and 5 and t h i s  

s t ra i n  may share VP3 wi th sero t ype 5 and VP7 wi th  s e ro t ype 3 ( Nagesha 

and Holmes 1988 ) . O t her i n t er t y p i c  r o t avi ruses may i nc lude human 

s t rains  RV-3 ( B i shop e t  al . 1 986 ) and �I61 ( Clark e t  al . 1987 ) ,  bov i ne 

s t ra i n  PP1 ( B r i dger and B rown 1984 ) , and can ine s t ra i n  CU-1 ( Hoshino e t  

al . 1 984 , 198 7 b ) . Since bo t h  VP3 and VP7 are respon s i ble f o r  

neu t ra l i za t ion and the i r  neu t ral i za t i on speci f i c i t i es are segrega t ed 

independen t ly in  na ture , Hosh ino e t  al ( 1 985a) sugges t ed that a b i na ry 

sys tem i s  needed for class i f i c a t i on and nomenclature s i m i lar t o  t h a t  

u s e d  for  influenza A v i ruses ( �ebs t e r  and Laver 1 9 7 5 )  t o  ind i ca t e  t he 

neu t ra l i za t i on speci f i c i ty o f  bo t h  VP3 and VP7 . Th i s  proposal has been 

suppo r t ed by many o t her workers ( M id thun et al . 1 9 8 7 b , Urasawa e t  a l . 

1 98 7 , Nages ha and Holmes 1988 ) .  

Ele c t rophore types : Analys i s  o f  ro t avi ral genomes on PAGE has s hown 

marked d i f ferences be tween vi ruses isolated f rom d i f fe ren t hos t s  

th r oughou t the wo rld ( Es t es e t  al . 1 984 ) . Vi ruses w i th  d i f fe ren t RNA 

pa t t erns are referred to as d i f fe r e n t  elect ropho re t ypes . 

A clas s i ficat ion sys t em for  ro tavi rus ele c t rophore types was 

proposed by Lourenco et a l . ( 1 9 8 1 )  based on the rela t ive migra t i on o f  

RNA bands i n  each o f  the four s i ze-classes ( see Fig . 1 - 1 ) .  I n  t h i s  

sys t em ,  d i f feren t RNA pa t t e rns i n  each of the four s i z e-classes a r e  

deno t ed b y  a lowe r case l e t t e r . A par t i cular elec t rophore type i s  

expressed a s  a comb ina t i on o f  i t s pa t t e rns in  each o f  t h e  four 

s i z e- c lasses , e . g .  one elec t rophor e type may have the pa t t ern la , I I a , 

I I I b ,  IVa and ano t her Ib , I I a , I l I a ,  IVb , e t c .  This  clas s i f i ca t i o n  

scheme has been adop ted by s ome au t hors ( Dimi t rov e t  al . 1 984 , Gome z e t  

al . 1 986 , Nicolas e t  al . 1 98 4 ) and a number o f  elec t rophor e t ypes 

wi t h i n  each s i ze-class have been demons t r a t ed . However , t h i s  

class i f i ca t ion sys tem has l i mi t a t i ons . Due to t h e  large number o f  

e l e c t rophore types detec ted , compar i son o f  elec t rophore ty pes f rom one 

place w i t h  ano ther is  usual ly not pos s i ble . Thus , o t hers s i mp ly 

des igna ted the i r  own ro tavi rus e l ec t rophore types al phabe t i cally ( Ch i ba 

e t  al . 1984 , Gerna e t  al . 1 98 7 a , Li prand i e t  al . 1 987 , Rodger , e t  a l . 

198 1 ,  Spencer e t  al . 1 983a , b ) . 

The mos t  no t i ceable var i a t ion from the typi cal group A ro tavi ral  

RNA pa t t e rn has been wi th s egmen t s  1 0  and 1 1 .  Smi t h  and T z i po r i  ( 1 9 7 9 )  

repo r t ed a murine ro tav i rus wi th  s egmen t 1 1  runn i ng c lose t o  segmen t 1 0 . 
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Segmen t s  1 0  and 1 1  wi t h  iden t i cal or s i m i la r  e l e c t rophore t i c mobi l i t i es 

were s hown i n  t he av i an group A ro t av i ruses ( Todd e t  al . 1 9 80 ) . T h i s  

appears t o  b e  uni que t o  t h e  av i an group A rotav i ral genome . The 

' abnormal ' elec t r opho re t i c  pa t terns of segments  1 0  and 1 1  wer e  a l s o  

demons t ra ted i n  human group A r o t av i ruses wi th  s egmen t s  1 0  a n d  1 1  

runn i ng close o r  very close t o  the t r i ple t ( Albe r t  1 985 , Es pej o e t  a l . 

1 9 7 7 ,  1 9 7 9 , Rodger e t  al . 1 9 8 1 ) .  These we re cal led s ho r t  o r  

super-sho r t  s t ra i ns , res pec t i vely . By 

Dya l l-Smi t h  and Ho lmes ( 19 8 1 a )  s howed t ha t  

gene 

the 

cod i ng as s i gnmen t ,  

sho r t  elec t ropho r e t ype 

was due to an inc rease in the s i z e  of segment 1 1 .  This migh t also  

explain the super-sho r t  pa t t e rn repo r t ed . 

Recen t ly ,  an unusual RNA pat t e rn o f  group A r o t avi rus has been 

repo r t ed i n  man ( Beselaar e t  al . 1 986 ) , calves ( Po cock , 1987 ) ,  rabb i t s  

( Thouless e t  al . 1986 ) and p i gs ( Be l l i nzoni e t  al . 1987a ) i n  wh i ch 

s egmen t 1 1  i s  absen t and an add i t i onal segmen t be tween segme n t s  6 and 7 

appears . Surpr i s i ngly , analys i s  o f  the bov i ne ro t avi rus w i t h  the  

unusual pa t t ern showed that  t h i s  was also due  t o  the inc rease in  the  

s i z e o f  segmen t 11  s i nce the polype p t ide  produced a f t e r  t rans la t i on o f  

the  ex t ra RNA t rans c r i p t  i s  equ i valen t t o  t he produc t o f  segmen t 1 1  

( Po cock 1987 ) .  

Numerous e l e c t rophore t ypes wi th  o ther segmen t changes have a l s o  

b e e n  d e t ec t ed t h roughou t t h e  world . In  longi tud i nal i nves t iga t i ons 

wh i ch las ted f rom four mon ths t o  four years , up t o  36 elec t rophore types 

have been d e t e c t ed .  One or two e l e c t rophore types were a lmos t always 

found to predom inate  throughou t ,  wh i le o t hers appeared and d i sappeared 

in a s equen t i a l  manner dur ing the per iod o f  inves t iga t i on ( Ch i ba e t  a l . 

1 98 4 , D i mi t rov e t  al . 1 984 , Gomez e t  al . 1986 , Rodge r e t  al . 1 9 8 1 , 

Schnagl e t  al . 1 98 1 , Spencer e t  al . 1983a , Todd e t  al . 1 9 84 ) . I n  

i nves t iga t i ons involving ou t breaks o f  ro t avi ral i n fec t i on ,  one s i ngle 

elec t ropho r e t ype i s  normally found ini t i a l ly . Th i s  type has usually 

pe r s i s t ed t h roughou t the ou t break , bu t i n  the l a t e r  s t ages , a var i e ty o f  

e l e c t rophore types have been iden t i f i ed ( Buesa e t  al . 1987 , Konno e t  al . 

1 9 84 ) . Many elec t ropho retypes have also been found t o  c i r cula t e  i n  bo t h  

human a n d  animal ' popula t i ons a t  any one t i me ( Albe r t  e t  al . 1982 , 1 9 8 3 , 

de  San J uan e t  al . 1987 , Ge rna e t  al . 1 98 7 a ,  L i p rand i e t  al . 1 9 8 7 ) .  

When human ro tavi rus es detected  in  d i f fe ren t geograph i cal l o ca t i on s  

we re compared , in  some cases , n o  common elec t rophore type w a s  found , 

whereas the s ame types have been iden t i f i ed in  d i f fe ren t areas d u r i ng 

o t her  i nves t i ga t i ons . Th i s  may be due t o  the movemen t s  o f  people and 
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the ' remo t eness o f  the loca t i ons s t udied . Common elec t rophore t ypes were 

f ound in d i f f erent  loca t i ons in  France ( Lourenco et  al . 1 98 1 , N i colas 

e t  al . 1 984 ) . The same elec t ropho r e type was also reco rded i n  Mex i co 

C i t y  and i n  Texas ( Dimi t rov e t  al . 1 9 8 4 ) . I n  t he s t udy conduc t ed by 

Chi ba et al . ( 1 984 ) in two d i s t r i c t s  o f  Kenya , wh i ch are 480 km apar t ,  

only one common elect rophore type was d e t e c t ed . A common 

elec t ropho re type was also detected in two loca t i ons , 200 Km from each 

o t her , i n  Hungary ( Szucs e t  al . 1 98 7 ) .  Howeve r ,  no  common -------
elec t ropho re types were found in  Cen t ral Aus t ra l i a  and Sou t h  Aus t ra l i a  

( Schnagl e t  a l .  1 98 1 ) , in  Chi le and Mex i co ( Es pej o e t  a l . 1 980 ) , and 

in the U SA , Colomb i a  and Argen t i na ( Di m i t rov e t  al . 1984 ) . 

The mechan i sms lead ing to the he t e rogene i ty o f  ro tavi rus es may be 

due t o  po i n t  mu t a t i on ,  gene reassor t ment or a comb i na t i on of bo t h . In 

s tu d i es o f  o u t b reaks , both  Buesa et al . ( 1 9 8 7 ) and Konno et a l . ( 1 984 ) 

f ound t h a t  a s i ngle ele c t rophoretype was i d en t i f i ed d u r i ng the  f i rs t  few 

weeks and therea f t e r  many elect ro pho re types appear ed . Some of the  

l a t t e r  e l e c t rophore types migh t  have o r i g i n a t ed f rom the i n i t i a l  one by  

po i n t  mu t a t i ons . Yhen SA1 1 vi ruses from f i ve i nde penden t labora t or i es 

were compared on PAGE , four elec t ropho re t y pes were recogn i zed ( Pe re i ra 

e t  al . 1 98 6 ) . These f i ve vi ruses came from t he same o r i g i n  ( Ma l he rbe 

and S t r i ckland -Cho lmley , , 196 7 ) . The l i ke l y  exp lana t i on for these  

o b s e rva t i on s  i s  that point  mu t a t i ons had  occur red dur ing repea t ed 

passages i n  the labora t o ry . 

Due t o  t he segmen t ed na ture o f  ro t av i rus genomes , reasso r tmen t  

f re quen t ly occurs  both i n  vi t ro and i n  v i vo dur i ng m i xed i n fec t i on by 

exc hange of genome segments  (Gombo ld and Ram i g  1 986 , Greenberg e t  a l . 

1 98 1 , 1 9 8 2 , Kal i ca e t  al . 1981 b ,  Ma t suno e t  a l . 1 980 ) . The po i n t  

mu t a t i on i n  one s t rain  o f  vi rus paves the way for reassor t men t be tween 

t h e  o r i g i nal and the new mu tan t s t ra i ns . This is one explana t i o n  for 

t h e  phenomenoh repo r t ed by Buesa et al . ( 1 98 7 )  and Konno et a l . ( 1 984 ) 

t h a t  var i ou s  e l e c t ropho re types appear i n  the  l a t er s t ages o f  ou t br eaks 

o f  r o t av i ra l  i n fec t i on .  

M i xed i n f e c t ions , be tween two o r  more e l e c t rophoretypes o f  group A 

ro t av i ru s , i n  i nd i v i duals are very common { Be l l i nzoni e t  al . 1 98 7 a , 

Buesa e t  al . 1 987 , Lourenco e t  al . 1 981 , Todd e t  a l . 1 980 , Uhnoo and 

Svensson 1 986 , Yh i t e  e t  al . 1 984 ) .  Th i s  provides the oppo r t un i t y  f o r  

reassor t men t b y  genome exchange , t hus g i v i ng r i s e  t o  the many d i f fe ren t 

e l e c t ropho re t ypes de tec t ed ' in di ff eren t inves t i ga t i ons . 
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Al t hough group A ro t avi ruses can b e  ext remely v a r i ed ,  as d es c r i bed 
above , s ome worke r s  have fai led to de tec t va r i a t i ons i n 
g roups o f  i sola t e s . He r r i ng e t  al . 

s t rains f rom a s i ngle outbreak o f  

pa r t i cula r  
( 1 982 ) repor t ed tha t all  ro t av i rus 
in fec t i on i n  ca t t l e s how d e t he s ame 

elec t rophore type . Simi lar  obs erva t i ons were also repo r t ed b y Todd e t . 
a l . ( 1 984 ) i n  b o t h  ca t t le  and pigs . Fur t hermore Todd e t I � .  ( 1 984 ) 
d e t ec t ed only a s i ngle e l e c t ropho re type over a pe r i od o f  1 6 m h on t s i n  a 
c losed dai ry herd . In  human popula t i ons , Albe r t � .  ( 1 9 8 3 )  found 
that during a four  mon t h  per i od 33 samples , f rom Kund i awa p 
Guinea , showed i d e n t i cal elec t rophore types . 

, apua New 
These r e su l t s  may h b ave een 

due t o  the rela t i ve i sola t ion of the an i mal and human po PUla t i ons  
s t ud i ed and may a l s o  ind i ca t e  that  mu t a t ion o f  r o t av i ral RNA 
occur  i n  na ture a s  o f ten as expec t ed . 

may no t 

Rela t i onshi ps be tween subgroups , sero types and e le t c rophore types : 
I t  has been found tha t t he elec t rophore types o f  t he ' s ho r t '  and the 
' super-sho r t '  s t ra i ns belong t o  s ubgroup I wh i le thos e  o f 10 
be long to 

a l . 1 9 8 2 ) . 

ng s t ra i n s  
subgroup I I  (Albe r t  1 985 , Kalika e t  al . 1 98 1a Th , oules s  e t  

Analys i s  o f  f i eld s amples o r  cell-adap t ed ro t av i rus e s  
r evealed a n  almo s t comp l e t e  corre l a t ion be tween the e le c t roph o re types o f  
l ong o r  sho r t  pa t t erns and subgroup I I  or I ,  res p e c t i vely  (A l b e r t e t  a l . 
1 9 8 7 b , Greenberg e t  al . 1 983b , Hosh i no e t  al . 1 98 4 , 1 985b ) . 

-
Howeve r , 

t h i s  correla t i on i s  no t found among an imal ro tavi rus es s i nce mo s t an i ma l  
r o t av i ruses belong t o  subgroup I ,  ye t they have long e lec t ro h p o re ty pe s . 
S i nce subgroup-s pec i f i c i ty i s  loca ted on VP6 , coded by s eg men t  6 ,  and 

short  pa t t erns l i es the  d i f fe rence b e t ween t he long and i n  mob i l !  ty 
var i a t ions of s egmen t 1 1 ,  there is no gene t i c  bas i s fo r co r re la t i o n  
be tween t h e  subgroup I speci f i c i ty and the shor t  e lec t r h op  ore type . 
I ndeed , a ro t av i rus ( AU- I )  f rom man was sero logi ca l ly c Ia ' f '  S S I  l ed as 
subgroup I bu t showed a long pa t t ern by PAGE (Nakagomi e t a l . 1 985 ) . 

sugges t ed that  the v i rus may in fac t  be an an i ma l ro t avi rus 
The au thors 

i n fe c t i ng man . 

No corre l a t i on has been found be tween s e ro t ypes and 
e l e c t rophore types . S t ra i n s  wi t h i n  the same sero tYpe m i gh t s how 
h e t e rogene i ty in e l e c t ropho re types , and iden t i cal elec t ro pho r t e ypes have 
a l s o  been obse rved in r o tavi ruses of d i f feren t sero t ypes ( B  d ea r s 1 98 2 , 
Gerna e t  al . 1987 a ) . Fu r thermore , Clarke and McCrae ( 1 98 2 ) no t ed t h a t  
i d en t i cal elec t ro pho re types d i d  not  neces sar i ly have . . I den t I cal  

By analy s i ng ro tav i rus s t rai ns w i t h nucleo t i de sequences . 

e t  a l .  ( 1 985 ) also 
MAbs , Cou l s on 

f ound t ha t  an t i gen i c  dri f t  Occu rr ed i n  t . wo s t ra I ns  
i s ola t ed th ree mon ths apar t al though the i r  elec t ro Pho re ty pes were 
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i d en t i cal and bo t h  belonged to the same sero type . 

Rela t i onsh i ps between subgroups and serotypes have also been no t e d . 

Subgroup I speci f i c i ty i s  asso c i a t e d  wi t h  sero type 2 ( Hoshino  e t  a l . 

1 9 8 4 )  and the newly d i s covered human sero type 5 ( Albert e t  a1 . 1 98 7 b ) , 

and subgroup II i s  asso c i a t ed wi t h  o t her  serotypes of  bo th human and 

an i mal ro tavi ruses . 

F rom the preceed ing d i scus s i on , i t  can be seen tha t s e r o type 2 

r o tavi rus has subgroup I s peci f i c i ty and possesses a shor t pa t t ern , and 

human ro tavi rus sero type 5 has subgroup I spec i f i c i ty and possesses a 

super-sho r t  pa t t ern . 

1 . 3 . 3  Mai n t enance o f  ro t avi rus in  t he envi r onmen t 

Ro tavi ruses have been detected  i n  t rea t ed drinking wa t e r , we l l  

wa t e r , raw and t rea t ed sewage , and sewage-con taminated seawa t e r  ( Dee t z  

e t  a l . 1984 , Goyal and Ge rba 1983 , Murphy e t  al . 1 983 , Smi t h  and G e r ba 

1 982 , S t e i nmann 1 98 1 ) . 

A f ter  seed i ng ro t avi rus i n t o  wa t e r  samples , i t s reduc t i on i n  

i n fec t i vi ty was mon i t ored over a p e r i od of  t i me . Pancorbe e t  al . 1 98 7 ) 

f ound t ha t  the t i t re was reduced by 2 logl o in  tap wa ter in  two t o  t h r e e  

d ays , i n  lake wa ter i n  1 7  days , i n  c reek wa ter  in  8 days and i n  ground 

wa t e r  and secondary e f f luen t in  1 4  t o  1 6  days . A longer s u rv i val t i me 

has been repo r t ed by Raphael e t  al . ( 1 985)  in  d i f feren t types o f  

w a t e r s . The t i t re was reduced by 2 10gl O i n  raw wa ter a f t e r  1 0  and 32  

20° C and 4° C ,  respec t i vely and in tap wa ter af t e r  64  days a t  

No s i gni f i can t  d rop i n  t i t re was found dur ing a per i od o f  64 d ays 

in  t ap wa ter  kep t  at 4° C and in f i l t e red wa ter . 

Rotavi rus has also been de t e c t ed on sur faces at ch i ld day c a r e  

cen t res including sinks , refrige ra t o r  hand les and ch i ld r en ' s  hands 

( Kesw i ck e t  al . 1 983) . I n  a programme run by Black e t  a1 - ( 1 98 1 )  , 

h and washing by s t a f f  and ch i ldren before ea t ing and a f t e r  pass i ng 

s t ools  d rama t i ca l ly reduced the i n c i d ence of  d i arrhoea in ch i ld ren i n  a 

d ay care cen t r e compared wi th  a 

d ia r rhoea began t o  fall in  the f i rs t  

con t rol group . The i n c idence o f  

mon th of  implemen t a t i on o f  t he 

p rogramme and was cons i s t en t ly lower than in  the cont rols f o r  the n e x t  

t wo mon ths . Du r i ng t h e  follow i ng 3 5  weeks of  inves t i ga t i on , t he 

i n c i d ence o f  d i a r rhoea i n  the hand wash i ng group was hal f  o f  that  i n  t he 

con t ro l  group . 
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The survival o f  ro t av i rus i n  the  immed i a t e  envi ronmen t of young 

animals has been impl i ed , 

t he v i rus . Pigle t s  weaned 

" nursery"  were free o f  

a l t hough no at temp t s  have been made t o  d e t e c t  

a t  one d ay o f  age i n t o  a previ ous ly fum i ga t ed 

ro tav i ral i nfec t i on ( Leece e t  a l . 1 9 7 8 ) .  

However when the nursery was con t i nuously used wi t hou t fur t h e r  

fumiga t i on ,  ro tavi ral i n fec t i on s t ead i ly bu i l t  u p  caus i ng a progres s i ve 

i nc rease i n  the incidence o f  vom i t ing , d i ar rhoea and dea t h  among the  

p i gl e t s . I n  a closed dai ry herd , t horough c leansing and d i s i n fec t i o n  o f  

t he cal f  house were repor ted t o  have broken a cycle o f  r o t av i ral  

i n fec t i on ( McNul ty and Logan 198 3 ) . Bov ine r o t avi rus NCDV was found to  

s urvive for  seven mon t hs in  the labora t o ry a t  an average amb i en t  

t empe r a ture o f  1 8  t o  200 e ( �oode and Br idger 1 9 7 5 ) . 

Inves t i ga t i ons have also focused on fac t ors such as t emperature  and 

r e l a t ive humid i ty wh i ch may in fluence the s u rv i val of ro t avi rus in t h e  

envi ronmen t .  Raphael e t  al . ( 1 98S ) tes t ed t he s u rvival t i me o f  human 

r o t av i rus in tap and raw wa ter  at 20° C and 4 ° C and f ound tha t  r o t av i rus 

s u r v i ved much longer a t  4° e t han a t  20° C .  Moe and Harper ( 1 98 3 )  a l s o  

obs e rved t ha t  t h e  i n fec t i v i t y  o f  r o t av i rus in  aerosol  was los t m o r e  

rap i d ly a t  hi gh t empe ratures than at l o w  t empe r a t u res . Fur t hermore , 

Hej kal e t  al . ( 1 984 ) found lowe r levels o f  r o t avi rus i n  sewage i n  t h e  

s umme r mon ths t han during w i n t e r  and s p r i ng .  Th i s  coinc i des wi t h  the  

fac t t h a t  ro t av i ral i n fec t i on occurs more i n  winter  t han i n  the s ummer 

in t empera t e  c l i ma t es . In  the w i n t e r  mon ths , ro t av i rus was de tec t ed i n  

S O-80% pa t i en t s  � i t h  d i arrhoea and i n  the s ummer , ro tavi rus was n o t  

d e t e c t ed a t  a l l  o r  only sporad i ca l ly ( B ryden e t  a l . 1975 , Ho ldaway e t  

a l . 1 98 2 , Kap ikian e t  al . 1976 , Konno e t  al . 1978 ) . A c l i ma t ologi cal 

analys i s  o f  the occurrence o f  acu t e  d i arrhoea asso c i a t ed wi t h  ro t a v i ral  

i n fec t i on was carried ou t in  hos p i tals in  a nor thern Japanese c i t y  over 

a pe r i od of seven years . The frequency of infec t i on was rela t ed to t he 

envi ronmen tal t empera t u re . Ro tavi ral infec t i on appeared abru p t ly when 

t h e  mean t empera t u re fell  below S o C (November or Decembe r ) , reached a 

peak when i t  was less than Oo C ( J anuary and February ) and waned when the 

t empera t u r e  rose above 20° C ( June and July ) ( Konno e t  al . 1 98 3 ) . In 

con t ras t ,  ro tav i ral  i n fec t i on occurs all year a r ound i n  t ro p i cal 

coun t r i e s  ( H i ebe r et al 1978 , Soenarto et al . 1 9 8 1 ) , wi th 30-40% of 

d i ar rh oe i c  pat i en t s  shedd ing ro tavi rus . 

Humi d i ty has also been repor t ed to have a pro f ound e f fec t on the 

s u r v i va l  and s p read o f  ro tav i rus . Ro tav i ral infec t i on was more common 

a f t e r  a month o f  cold or d ry wea ther than af ter  a mon th o f  warm and we t 

wea t h e r  ( B lack e t  al . 1 980 , B rand t et al . 198 2 ) . A s i mi lar t rend was 
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obse rved by Paul and E r i nle ( 1 982 ) ,  Geo rges e t  al . ( 1 984 ) and 

Echeverria  e t  al . ( 1 983 ) whe re the r a t e  of ro tavi rus i n f e c t i on was 

h i gher in the d ry mon ths than in the we t mon t hs . Dry wea ther  a i d s  i n  

t h e  f o rma t ion o f  aerosols wh i le cold wea ther  may resul t i n  ove r c rowd i ng 

i ndoors . Bo th  fac t o rs could aid the s p read o f  infec t i on . 

1 . 3 . 4  Transmi s s i on o f  ro t av i ral infec t i ons 

The mode o f  rotav i ral t ransmi s s i on is though t t o  be by the 

faecal-oral rou t e  ( Mata et al . 1 983 , Rod r i guez et al . 19 7 9 ,  Voode and 

Bohl 1 9 8 1 ) .  Howeve r ,  t ransmi s s i on o f  ro tav i ral infec t i on by t h e  

r e s p i r a t ory rou te i s  poss i ble . A h i gh prevalence of res p i r a t o ry 

s ymp toms has been repo r t ed in pa t i e n t s  w i t h  ro tavi rus assoc i a t ed 

d i arrhoea ( Lew i s  e t  al . 1979 , Holdaway e t  al . 1982 ) ; the  s p read i ng 

n a t ure  o f  rotavi ral infec t i on is  s i mi lar  t o  that o f  in fluenz a  ( Fos t e r  e t  

a l . 1 980 ) ; and ro tavi rus has been de t e c t ed i n  res p i ra t o ry as p i ra t es 

and nasopharyngeal secre t i ons ( San t osham e t  al . 1 983 ) . 

G roup A ro t avi ruses ma i n ly i n fec t ch i ld ren and young a n i mals and 

t hese i n fec t ed young ind ividuals become i mpor t an t  d i s s em i n a t o r s  o f  

i n fe c t i on ( Flewe t t  1 983 ) . Infe c t ed ch i ld ren have been repor t ed t o  be 

t h e  mos t impor tan t  reservo i r  for nosocomial and i n t rafami l i a l  ro t av i ral  

i n fec t i ons . Thus , Gri llner e t  al . ( 1 985 ) descri bed an ou t b reak i n  3 t o  

4 9  d ay old babies  i n  a neona tal ward a f t e r  the int rodu c t i on o f  an 

i n fec t ed baby from an obs t e t r i cal ward . None of the med i cal personne l , 

n o r  t h e  mo thers , were shed d i ng the v i rus a t  that t i me . Dearlove e t  al . 

( 1 983 ) repo r t ed that 76 ou t o f  1 9 6  ch i l d ren admi t t ed to a baby care uni t 

d u r i ng a one year per i od developed r o t avi ral i n fect i on a f t e r  one baby 

was i n f ec ted wi th  ro tavi rus and developed d i arrhoea . In a s tudy o f  

r o tavi ral infec t i on i n  the fami ly envi r onmen t ,  Grimwood e t  al . ( 1 983 ) 

a l s o  observed t ha t  46% o f  members f rom 28 fam i l ies w i t h  i n fec t ed 

c h i l d ren became in fected wi th ro t av i rus wh i le only one d i d  so  i n  1 8  

u n i n f e c t ed fam i l i es . 

As des c r i bed in  sec t i on 1 . 3 . 1 ,  ro t av i ral infec t i ons have been 

o c cas i onally de tec ted in  adu l t s  and in older animals , es pec i a l l y  dams 

w i t h  y oung animals . The i mpo r t ance of r o t av i ral infect i on i n  adu l t s  i n  

m ai n t a i ning and t ransmi t t i ng the v i rus t o  o t hers , especi a l l y  t o  t h e  

y oung , i s  not  known . Ryder e t  al . ( 1 98 6 )  o bse rved that the r a t es o f  

i n fec t i on i n  children were the same rega rdless o f  whe ther thei r paren t s  

had had ro tav i ral infec t i on .  Ra tes o f  i n fec t ion were higher i n  paren t s  

o f  ch i ld ren wi th rotavi ral in fec t i on t han i n  those o f  ch i l d ren w i thou t 
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such i n f ec t i on .  There fore , chi ld ren , no t adul t s ,  are the  more impo r t an t  
reserv o i r f or ro tavi ral  i n fec t i on . Never theles s ,  Bol i va r  e t  a l . ( 1 9 7 8 )  
and Kap i k i an e t  al . ( 1 9 7 6 )  sugges t ed that adu l t s  may s e rve as car r i e rs 
o f  ro t av i rus and ac t as rese rvo i rs under cer tain c i rcums t ances .  

The d e t e c t ion o f  r o t av i rus i n  d r i nking wa ter , i n  domes t i c  sewage 
and on s u r faces in day care cen t res ( see sec t ion 1 . 3 . 3 )  i nd i ca t es t ha t  
t he envi ronmen t i s  ano ther po t en t i al source for ro t av i ral i nfec t i ons . 
D i a r r hoea as sociated wi t h  group A ro tavi rus due t o  d r i nk i ng con t am i n a ted 
wa t e r  has been repor ted i n  many communi t i es , affec t i ng bo t h t our i s t s  and 
res i d en t s  of the area ( Baker e t  a l . 197 9 , Lycke � . 1 9 7 8 , Murphy e t  
a l . 1 98 3 ,  Steinmann 1 98 1 ) .  

I n  ca t t le , ou tbreaks o f  r o t avi ral i n fec t i on and as soc i a ted 

d i a r r hoea in dai ry and bee f herds  occur each year in  the calv i ng season 
( Murakami e t  al . 1987 , Yh i t e e t  a l .  1970 , Yoode 1 9 7 8 ) .  Dur i ng the 
calvi ng season , ro tavi rus i s  t ransmi t ted be tween calves by d i re c t or 

i nd i r e c t con t act (Yoode 1 9 78 ) .  The way i n  whi ch ro tav i rus i s  ma i n t a i ned 

d u r i n g  the i n tervals between calv i ng seasons is no t known . Ro t a v i rus 
has been de t ec t ed in adul t ca t t le , especially in  hei fers and c ows 
( McNu l t y  and Logan 1 983 , B r i dger and Yoode 1975 , Murakam i et al . 1 9 8 7 ) . 
However , mos t of these infec t i ons occurred af ter con tac t  wi t h r o t av i rus 
i n fe c ted calves . Therefore i t  i s  un l i kely tha t adu l t ca t t l e  are 
ca r r i er s . On the o t he r  hand , the  large amoun t of v i rus shed by i n f e c ted 
calves ( Yoode 1978 ) and the s u rv i val of ro t av i rus in faeces for  as l ong 
as s even to nine mon ths a t  r oom tempe rature (Yoode and B r i dger 1 9 7 5 , 
Yoo d e  1 9 78 ) ind i cates  that the  v i rus could survive i n  the env i ronmen t 
f o r  a t  leas t the in t e rval be tween calving seasons , and so be  the s ource  
o f  i n fec t i on for  the  calves born  i n  the fol lowing season . 

1 . 4  IKHUNITY TO , AND VACCINATION AGAINST , INFECTION VITB GROUP A 

ROTAVlRUS 

1 . 4 . 1 Trans fer o f  ma t e rnal an t i body 

T rans fer o f  ma t e rnal an t i body f rom the human mo t her to baby o ccu r s  
b o t h  i n  u t ero and via colos t rum and m i lk .  McLean and Holmes ( 1 980 )  
found that  an t i body t i t res t o  ro t av i rus i n  babies ' cord sera r e f l e c t ed 
t hose in  the i r  mothers ' sera . I n  colos t rum , mos t  an t i ro t av i ral an t i body 
is presen t  in the IgA - f r ac t i on wi th  lowe r leve ls i n  the IgG and I gM 
f ra c t i ons . The level o f  IgA i n  m i lk dec l i nes and reaches a s t eady l ow 
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level by three o r  four days pos t par tum ( pp ) . By t h i s  t i me I gH almos t 

d i sappears . IgA i s  detec table i n  infan t s '  faeces f rom two days a f t e r  

b i r t h and i s  observed only i n  breas t - fed bab i e s . Blacklow e t  a l . 

( 1 9 7 6 )  repor ted that ma te rnally-derived an t i body t o  ro t av i rus in  t h e  

s e rum o f  ch i ld ren decl ined rap i d ly a f t e r  b i r t h ,  and reached i t s l owes t 

level  by three to s i x mon ths o f  age . 

I n  mos t  o t her an imal s peci es , t ransfer  o f  ma t e rnal an t i body does 

no t occur  in u t ero ( Payne and Harsch 1 9 62 ) ,  bu t only via colos t rum and 

m i l k .  Hess and Bachmann ( 1 981 ) i nves t i ga ted the t rans fer o f  ma t e rnal  

an t i ro t av i ral an t i body in  pigs  dur i ng the f i r s t  14 days pp . I t  was 

f ound tha t an t i body agains t ro tavi rus i n  sow ' s colos t rum was four to 1 6  

t i mes h i gher than that i n  se rum . An t i body leve ls i n  milk decreased 2 t o  

3 2  f o l d  i n  some sows , whi le t h e  level was m a i n t a i ned i n  o t hers , 

t h r oughout  a 14  day per i od . IgA was d e t ec t ed i n  a l l  colos t rum and m i l k  

samples . IgG was presen t in  colos t rum and m i l k  i n  the f i rs t  week and 

then d e c l i ned rapi dly . IgM was no t always d e t e c table , cer t a i n ly n o t  i n  

m i l k  a t  abou t 1 4  days p p .  Pigle t s  were born free o f  spec i f i c  an t i body , 

bu t soon a f t er consump t i on o f  colos t rum , the i r  an t i body levels were 

comparable wi th  those i n  co los t rum , bu t were higher than those i n  s ow ' s 

s e r a . The ma t e rnal ly-der i ved an t i body i n  pigle t s '  sera decl ined rap i d ly 

i n  t he f i r s t  14  days af ter  b i r t h ,  wh i l e levels o f  an t i body i n  sow ' s s e r a  

rem a i n ed high during t h e  s ame period . Askaa e t  al . ( 1 98 3 )  a l s o  

rep o r t ed t h a t  an t i rotavi ral an t i bod i e s  were pres en t i n  bo th colos t rum 

and m i lk but  dec l i ned rap i d ly w i t h i n  t hree t o  four days a f ter  farrow i ng . 

1 . 4 . 2  Serolog ical response a f ter natural i n fec t ion 

Humoral immune responses have been d e t e c ted in  pa t i en t s  a f t e r  

ro t av i ral infec t i on . Pa i red serum samp l es ( acu t e  and convales cen t )  f rom 

peop l e  w i t h  non-bac ter ial gas t roen teri t i s  usually s howed a fou r fold o r  

g r e a t e r  increas e in  an t i body t i t res t o  r o t av i rus ( B i s hop e t  al . 1 984 , 

Gus t e t  al . 1 9 7 7 , Hieber e t  al . 1 9 78 , Holdaway e t  al . 1 982 , Pue r t o e t  

al . 1 9 87 ) . Seroconvers i on has also been d e t ec t ed i n  pa t i en t s  over 80 

yea r s  o ld following ro t av i ral i n fec t i on ( He i me r and Cub i t t  1 9 8 3 ) . 

Howev e r , i n fan t s  

res ponded poorly . 

o r  very young ch i ld ren , less than four mon t h s  o ld , 

Thus , Gus t e t  a l . ( 1 9 7 7 )  fai led t o  de t e c t  r i s es i n  

an t i body i n  two i n fan ts  ( 10 days and 4 mon ths o f  age ) al t hough r o t av i rus 

was d e t e c ted i n  the i r  d i ar rhoe i c  faeces . Whe ther or no t t h i s  ii due t o  

i n t e r f e rence by ma te rnal ah t i body i s  no t known . The 1 0  day old baby d i d  

have a C F  an t i body t i t re o f  1 : 3 2 i n  the i n i t i al sample . 
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I gM is f i rs t  d e t e c ted as early as t hree days a f t e r  na t u ral 

i n fe c t i on ( He i m e r  and Cubi t t  1983 ) .  This i s  followed by the produc t i on 

o f  IgG and IgA an t i bod ies (Ri epenho f f-Tal ty e t  al . 198 1 ) . Leve l s  o f  

s erum an t i body fol lowi ng natural infec t ion per s i s ted f o r  a s  l ong as  two 
years w i t hou t s i gni f i can t ly altering (Gust  et al . 1 9 7 7 ) .  An t i bo d i es t o  

r o t a v i rus have a l s o  been detec ted in  t h e  faeces a f t e r  na t u ral r o t a v i ral 

i n fe c t i on ( Inouye e t  al . 1984 , Riepenhof f-Tal ty et a l . 1 9 8 1 , S t a l s  e t  

al . 1 9 84 ) , bu t were t rans ient (Kapikian e t  al . 1 98 3 , Sonz a  and H o l mes 

1 980 ) . The la t t e r  au t hors ( Sonza and Holmes 1 980)  repo r t ed t h a t  I gA ,  
IgM and IgG l evel s  i n  faeces reached peak t i t res be tween two and four 
weeks a f t e r  i n f ec t ion and then d ropped back t o  unde t e c t able levels a f t e r  
t w o  mon t hs . 

An t i body res ponses in  pigs have also been s t ud i ed by expe r i men tal 

i n fe c t i on wi t h  t he OSU s t rain ( Co r t h i e r  and Vann i e r  1 9 8 1 ) .  An t i body in  

the  f ae ces was f i rs t  d e t ec t ed as  i mmune complexes , then i n  f re e  f o rm . 

Produ c t i on o f  cop roan t i body in pigs was also t rans i en t  and was de t e c t ed 

only from days 3 t o  16 pos t infect ion ( p i ) . In p igs , bo t h  IgA and IgM 

were found i n  comparable level s  i n  faeces wh i l e  IgG was no t d e t e c t ed .  

In  c on t ras t , IgG and IgA an t i bod i es were de tec t ed i n  s e rum a t  2 4  days pi 

whi l e  IgM was n o t  found a t  that t i me . Th i s  migh t  have been due . to the 

decl i ne of IgM to unde tectable levels by 24 days p i . 

Serolog i cal responses to bo th homologous and he t erologous s t rains 

of  r o t avi rus have been observed i n  bo th na turally and exper i men t ally 

i n fe c t ed subj e c t s . In  an ou tbreak assoc i a t ed w i t h  human s e r o t y p e  1 

i n fe c t i on ,  Linhares e t  al . ( 1 98 1 )  found that an t i bod ies t o  homologous 

sero type 1 and he t e ro logous sero type 3 s t rains were s i gn i f i can t ly 

i n cr eased , espec i a l ly i n  pe rsons wi t h  preex i s t i ng sero t ype 3 an t i bo d i es . 

Ch i b a  e t  al . ( 1 986 ) also found tha t  7 7% ,  62% and 23% o f  c h i l dren 
i n fe c ted wi th  h uman sero type 3 developed an t ibod i es to human sero t ypes 

1 ,  4 and 2 ,  respe c t i vely . When pigle t s  were i n fe c ted i n  u t e r o  wi t h  

huma n se ro type 1 ( Wa s t rai n )  only a n  homo logous an t i body response was 
d e t e c t ed at bi r th ;  however 2 1  days after  b i r t h , t he homologous an t i body 

leve l increased four fold or greater  and s i gn i f i can t r i ses i n  

he t e rologous neu t ra l i z ing an t i bod ies to sero types 3 and 4 were also 
d e t ec t ed wh i le an t i body t i t res to sero type 2 were v e ry low ( Hosh i no e t  

al . 1987 c ) . P i gle t s  infec ted pos tnatally wi t h  human r o tavi rus also 

developed bo t h  homo typic and hetero t ypic  an t i body res ponses . 
He t e ro typ i c  neu t ral i z ing an t i body res pons es we re also found i n  calves 
i n fe c t ed ' wi t h NCDV bo th in  ut ero and pos t na tally ( Wy a t t  et  a l . 1 983b ) . 
All  the he t e rologou s an t i body responses were found t o  be l ower than the 



3 3  

homologous responses . The he t e ro typi c res ponses are mos t  l i kely d u e  t o  

s ha r i ng o f  VP3 , t he mino r  v i ral componen t for neu t rali z a t i on .  

1 . 4 . 3  Pro t e c t i ve e f fe c t s  o f  colos t rum and milk 

A pro t ec t ive e f fec t o f  colos t rum or mi lk aga i ns t r o t av i ra l  

i n fec t i on i n  human bab i es has n o t  been demons t rat ed i n  a l l  s t u d i e s . 

More bo t t le- fed bab i es �ere found t o  be infec ted �i th  r o tavi rus t han 

b reas t - fed bab i es ( Chrys t i e  et  al e 1975 , McLean and Holmes 1 98 1 ,  

To t t e rdell e t  al e 1 9 7 6 ) . Ho�ever , Yei nberg e t  al e ( 1 9 8 4 )  found no 

s i gn i f i can t d i f fe rences be t�een b reas t - and bo t t le- fed bab ies  in  the 

numbers of those in fec t ed �i t h  rotav i rus or the ave rage age a t  

i n fec t i on .  Th is  d i f ference may have been due to the fac t tha t  d i f feren t 

age groups of chi ld ren �ere i nvo lved i n  the s t udies . Ch rys t i e  e t  a l e 

( 1 97 5 ) , McLean and Holmes ( 1 98 1 )  and To t t erdell  e t  al e ( 1 9 7 6 )  s tu d i ed 

ne�born bab ies and found that  babies became in fec t ed �i th  r o t a v i rus 

d u r i ng the f i rs t  four �eeks o f  age . Yhi le Ye inberg e t  al e ( 1 98 4 )  

s t ud i ed chi ldren f rom b i r th t o  one year o f  age , and found that  a s i m i la r  

percen t age o f  ch i ld ren in  b reas t - and bo t t le- fed groups became i n fec t ed 

� i th  ro tavi rus a t  s i x  to e igh t mon ths o f  age . Equ ivocal resu l t s  have 

also been repo r t ed in t e rms of the correlat ion o f  an t i body leve l and 

p r o t ec t i on .  McLean and Holmes ( 1 98 1 )  found tha t the pro t e c t i on a f fo rded 

by colos t rum and m i lk agains t ro tavi ral infec t i on i n  breas t - fed babies  

�as due  to the  h i gh leve ls of  an t i ro tav i ral an t i bod i es ( s ecre t o ry I gA ) . 

Sign i f i can tly  less i n fan t s  � i t h  h i gh levels of an t i rotavi ral s e c re t o ry 

IgA became infec t ed �i th  r o t av i rus than t hose �i th  lo� an t i body levels  

d u r i ng the  f i rs t  f i ve days o f  age ( McLean and Holmes 198 1 ) .  To t t e r d e l l  

e t  a l e ( 1 982 , 1983 ) also d e t e c t ed an t i ro t avi ral an t i bod i es ( IgA and 

I gG ) i n  expressed m i lk and these an t i bod i es �ere capab le of aggrega t i ng 

r o t avi rus in vi t ro ,  bu t no d i fference �as found be t�een the an t i body 

l evel i n  m i lk from mothers �hose bab ies shed ro tavi rus and f rom mo t h e r s  

�hose bab ies �ere ro tav i rus f ree . The d i s c repancy observed may have 

been due to infan ts  in  d i f fe ren t groups being exposed to d i f fe ren t d o s e s  

o f  r o t avi rus (To t t e rdell e t  al e 198 2 ) . 

Askaa e t  al e ( 1 983 ) repo r t ed t hat colos t rum f rom g i l t s had l o�e r 

levels of an t ibody t o  rotav i rus than that from so�s , and pigle t s  bo rn o f  

g i l ts became i n fec t ed �i th  r o t av i rus ea r l i e r  ( 5  days o f  age ) than t h o s e  

b o r n  o f  so�s ( 1 4 days of age ) . Bov ine colos t rum �as also found t o  

p ro t ec t pigle ts agains t ro t av i ral in fec t i on (Bridger and B ro�n 1 9 8 1 ) .  

Lambs fed �i th  a large amoun t of e�e ' s  colos t rum d i d  not  develop  

c l i n i cal d i sease and delayed v i ra l  shedding for  several days a f t e r  
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challenge . Lambs fed wi th colos t rum for four days as  part  o f  t h e i r d i e t  

were pro t e c t ed f rom bo th i n fec t ion and d i arrhoea ( Snodgras s and �ells  

1 9 78 ) .  

1 . 4 . 4  Protec t i ve roles o f  c i rculat i ng and l ocal an t i bo di es 

The p r o t e c t ive ro les o f  both c i rculat ing and local an t i bod i e s  

agains t group A r o t av i ral i n fec t i ons are no t f u l l y  unde rs t ood . Some 

i nves t i ga t o rs have correla ted serum an t i body leve l s , whi l e  o t hers 

correl a t ed faecal an t i body levels , wi th pro tec t ion agains t i n fe c t i on or 

rela ted i l lness . Thus Ryder  e t  al e ( 1 985 , 1986 ) repor ted that  people 

wi th CF an t i body t i t res equal to o r  grea ter  t han 1 / 4  had less chance o f  

ro t avi ral i n fe c t i on o r  rela t ed d i a r rhoea than those wi t h  t i t res less  

than 1 /4 .  Chi ba et  al e ( 1 986 ) f ound that  chi ldren wi t h  neu t ral i z i ng 

an t i body t i t r es equal t o  or grea t e r  than 1 / 128 were res i s t an t t o  

reinfe c t i on a l though t h i s  protec t i ve e f fec t was o f  sho r t  dura t i on , 

las t i ng only f o r  hal f  a year . In s t udies wi th an i mal s ,  She r i dan e t  al e 

( 1 98 3 )  obse rved that  se ro-pos i t ive m i ce did no t develop d i a r rhoea a f t e r  

expe r i men t a l  i n f e c t i on wi t h  EDIM al t hough viral shed d i ng and s e rologi cal  

r esponses were  d e t e c t ed wh i le sero-nega t ive mice  developed s eve r e  

d i ar rhoea . Howeve r ,  Ward e t  al e ( 1 986 ) could not  o b t a i n' t h i s  

pos i t i ve correla t i on . Human volun t eers , wi th an t i body t i t res r ang i ng 

f rom less  t han 1 / 2  t o  g rea ter  t han 1 / 1 600 , d i d  n o t  always r es i s t  

i n fec t i on a f t e r  challenge w i th an i n fec t ious dose o f  vi rus . 

Cor re la t i on o f  the levels o f  faceal an t i body wi t h  res i s tance t o  

infec t i on has a l s o  produ ced con f l i c t ing resul ts . Lambs fed w i t h  ewe ' s  

colos t rum ( 100 m l )  wi t h i n  a few hours of b i r th d i d  no t r es i s t  cha l l enge 

a l t hough t hese lambs had se rum an t i body t i t res be tween 1 : 40 and 1 : 8 0 . 

By con t r as t ,  lambs fed wi th  ewe ' s  colos t rum for four d ays af t e r  b i r t h 

were pro t e c ted agains t chal lenge ( Snodgrass and Wells  1 9 7 8 ) . The 

au thors c l a imed that the i mpor t an t  pro tec t i ve fac t o r  was the con t i nu i ng 

presence o f  an t i body i n  , the gu t lumen . Fu r t he rmore , Sher i dan e t  a l e 

( 1 983 ) found t h a t  IgG an t i body t i t res equal to or grea t e r  than 1 / 5 1 2  i n  

the gu t before inocula t i on pro tected one-day-old mi ce from develop i ng 

d i a r rhoea a f t e r  chal lenge wi th EDI M .  The produ c t i on o f  cop roan t i bod i es 

( s pec i f i c  IgA ) a f t er i n fe c t i on coinci des wi th  the cessa t i on o f  v i r a l  

shedd i ng and c l i n i cal recovery in  both po r c i ne and human s pec i es 

( Co r t h i e r  and Vann i e r  1 983 , S t als e t  al e 1984 ) , wh i ch ind i c a t e s  t h a t  

t h e  p resence o f  s pec i f i c  an t i bod i es ( IgG o r  IgA ) in  the  gu t plays a 

maj o r  role  i n  the i n t es t inal res is tance t o  ro t av i ral i n fec t i on .  

Howev er ,  o th e r  wo rke rs ( Eyde l l o t h  e t  al e 1 984 , Ri epennho ff-Ta l t y  e t  a l e 
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1 98 1 )  claimed that the  presence o f  s pec i f i c  an t i body in t he gu t lumen 

a lone i s  no t su f f i c i e n t  t o  l i m i t the durat i on of vi ral shedd i ng o r  o f  

d i ar rhoea . Moreover , Riepennho f f-Ta l ty e t  al . ( 1 98 1 )  found tha t t he 

h i ghes t concen t ra t i on o f  secre t o ry IgA was detec ted i n  faeces o f  

p a t i en t s  wi th prolonged d i arrhoea and v i ral shedd ing . 

The wide d i screpancies repo r t ed f o r  the correla t i on o f  an t i body 

l evels in  bo th the se rum and the gu t lumen wi th pro t ect i on may have been 

d ue to the di fferences in s t udy des ign , tes ts  used for d e t ec t i on o f  

an t i body , and sero types o f  vi rus . I t  i s ,  however , bel i eved tha t gu t 

i mmun i t y  i s  of p r i mary impor tance agains t infec t i on caused by e n t e r i c  

p a thogens such as r o t av i rus . An t i body in  the se rum is  also i nvolved i n  

p ro t e c t i on bu t predominan t ly by t rans fer o f  se rum an t i body i n t o  t h e  gu t 

l umen ( Besser e t  al . 1988 ) . 

Many serotypes o f  rotav i ruses have been iden t i fi ed i n  human and 

a n i mal spe c i es ( see sec t i on 1 . 3 . 2 ) so i t  is l i kely that immun i t y  wh i ch 

d eve lops af ter  infec t i on wi th one sero t ype may not  neu t ra l i z e  in  v i t ro 

o r  pro t e c t  i n  v i vo aga ins t infec t i on wi th ano ther serotype . Mos t o f  the  

p ro t e c t i ve s tud ies i n  both man and an i mals have shown tha t only 

homo typ i c  an t i body pro tec ted agains t r o t avi rus infec t i on o r  rela t ed 

d i seases , even a m i nor sero type d i f f e rence was s u f f i c i e n t  f o r  the lack 

of c ross-pro tec t ion ( Bohl et al . 1 984 , Ch i ba et al . 1986 , Gaul et a l . 

1 98 2 , Losonsky e t  al . 1 986b , �oode e t  al . 198 3 , Yolken e t  al . 1 9 7 8 c ) . 

Howeve r , pro t ec t ion agains t he t ero l ogous sero type has also been 

repo r t ed . In  a s t udy of human ro t av i rus i n  gno tobi o t i c  pigle t s , Hosh i n o  

e t  al . ( 1 98 7 c )  found t h a t  pigl e t s  i nocula t ed wi th �a s t ra i n  i n  u t ero 

were pro tec ted aga i ns t clinical d i s ease when chal lenged at  b i r th w i t h  

e i ther homologous and he terologous sero types a l though n o  neu t ral i z ing 

an t i body to he tero logous rotavi ruses was de tec t ed . The he t e r o t y p i c  

i mmuni t y  observed in  these s t ud i e s  may b e  due t o  the s ha r i ng o f  VP3 , 

wh i ch i s  also involved in  neu t ra l i z a t i on .  Th i s  was suppo r t ed by the 

repo r t  o f  a f f i t e t  a l . ( 1 986c) that  a HAb ( 2G4 ) developed t o  VP3 o f  the 

OSU s t rain  no t only neu t rali zed the homo t y p i c  s t rain  OSU and he t e ro t y p i c  

s t rains SAl l ,  RRV and UK in vi t ro bu t also pro tec ted m i ce i n  v i vo 

agains t d i arrhoea af ter  chal lenge wi th  any of these vi ruses . 

1 . 4 ,'5 Con t rol o f  rotavi ral infec t i on and rela t ed d i s eases 

Con t rol of rotaviral in fec t i on and rela t ed i l lness i s  i mpo r t an t 

because o f  i t s great impac t on the hea l t h and welfare o f  man and animals 

( see sec t i on 1 . 1 ) �  Bas i c  measures for  con t ro l l i ng diarrhoeal d i s eases 
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a r e  a l s o  app l i cable t o  the con t r o l  o f  ro tavi ral infec t i on . Thes e  

i nclude gen�ral managemen t prac t i ces  such as env i ronmen tal  sani t a t i on 

and ad equa t e  wa t e r  supp l i es free o f  con tamina t ion , and s pec i f i c  measu r e s  

such a s  vac c i na t i on o f  suscep t i ble  popula t i ons ( Ryder e t  al . 1 9 85 ) . 

Prac t i ca l  measures such as fumiga t i on , tho rough cleaning o f  ward s , 

handwa s h i ng o f  s t a f f  and pa t i en t s , res t r i c t ing v i s i tors  and i sola t i ng 

i n fec t ed pa t i en t s have been app l i e d  in hos pi tals and day care cen t re s  

( Black e t  a l . 1 98 1 , Dearlove e t  a l . 1 983 , Flewe t t  1983 , G r i llner e t  

a l . 1 98 5 , Madeley e t  a l . 1 9 78 ) . These measures have been repo r t ed t o  

d rama t i ca l ly reduce the inc idence o f  rotav i ral in fec t ion and rela t ed 

d i arrhoea and t o  s t op the s pread o f  i n fec t i on .  Simi lar measures such a s  

fumiga t i ng and tho roughly clean i ng an imal sheds have also been repor t ed 

t o  b r e ak t h e  cycle o f  ro tavi ral i n f e c t i ons i n  pigs and ca t t l e  ( Leece e t  

a l . 1 9 7 8 , McNu l t y  and Logan 198 3 ) . 

So far , no s a t i s fac t ory vac c i ne has been developed t o  i mmun i z e man 

o r  an i ma l s  agains t ro t av i ral i n fe c t i on . Th is has been largely d u e  t o  

the complex i ty o f  rotav i ra l  an t igen s , the lack o f  c ross pro t e c t ion  f o r  

d i f fe r en t serotypes o f  ro tavi ruses , the poo r unders tanding o f  pro t e c t i on 

o f fe r e d  by serum and faecal an t i bod i es and the unsui tab i l i t y  o f  an i ma l  

mode l s  f o r  evalua t i ng vac c i ne aga i n s t  human r o t avi ral infec t i o n . 

Neve r t h e l e s s , some he t e ro logous p r o t ec t i on has been observed and t h i s  

has p romp t ed some inves t i gators t o  use ani ma l  

f o r  human immun i za t i on . Selec t e d  vi ruses 

a t t e n ua t ed for man could be useful if they 

human r o t av i ral infec t i ons . 

ro tavi ruses as vac c i n e s  

whi ch a r e  avi rulen t o r  

af ford pro t e c t i on aga i ns t 

P as s i ve immun i z a t i on o f  young animals can be ach i eved ei ther  b y  

f eed i ng an imals wi th  colos t rum or m i lk con t a i n i ng an t i body , o r  

v ac c i na t i ng dams wi th  a sui table an t i gen . Feed ing young animals w i t h  

colo s t rum and mi lk con t a i n ing an t i bodies t o  ro tavi rus has been repo r t ed 

t o  p r o t e c t  agains t expe r i men t a l  i n fec t i on ( B r i dger and Brown 1 98 1 , 

B r i d g e r  and �ood e 1 9 7 5 , Leece e t  al . 1 9 7 6 , Snodgrass and �ells  1 9 7 8 ) 

e s p e c i a l ly when a large quan t i t y o f  colos t rum was fed a t  one t i me , o r  a 

smal l quan t i t y was fed for a few days . An i n t e res t ing observa t i on f rom 

thes e s t u d i es is tha t , al t hough feed ing colos t rum prevented v i r a l  

shed d i ng and rela ted d i ar rhoea , i t  d i d  not  preven t the genera t i on o f  

a c t i ve i mmuni ty a f ter challenge . Th is f i nd i ng ind i ca t es tha t f ee d i n g  

colo s t rum t o  young an imals , e s pe c i al ly those which can no t ge t a n o r ma l  

s u p p l y  o f  colos t rum or a r e  born o f  sero-nega t i ve dams , would g i ve 

pro t e c t i on agains t 

the  neonatal  pe r i od . 

r o t av i ral i n f e c t i o n  and assoc i a ted d i arrhoea d u r i ng 

Th i s  wou l d  not  i n t e r fere wi th  the produc t i on o f  
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a c t i ve i mmun i t y .  By i mmun i z i ng cows wi th  each o f  the four human 

r o tavi rus sero types , Brus sow et al . ( 1 987 ) were able to produce and 

concen t ra t e  an t i r o t avi ral an t i bod i es to human rotavi ruses f rom poo led 

c o los t rum and mi lk of  vacc inated cows . These an t i body prepara t i ons have 

been shown to neu t ra l i z e  human rotavi rus sero types 1 to 4 in  v i t r o .  I f  

t h e  neu t ral i z ing effe c t  can also b e  demon s t ra ted i n  v ivo , t he 

c oncen t ra t ed an t i bodies would be an ideal supplement for bab i es ' d i e t s . 

The same techni que can also be applied  t o  young an i ma l s  t o  comba t 

r o t av i ral i n f e c t i on and rela ted losses . 

To ensure that  neona tes ge t s u f f i c i en t  an t i ro tavi ral an t i body f rom 

c o los t rum and m i l k ,  i t  would be useful to boos t the mo the rs ' i mmun i ty t o  

r o t avi rus before par tu r i t i on .  B y  cross fos t e r  nurs ing , Of f i t  and Clark 

( 1 985 ) found that newbo rn m i ce ,  wh i ch sucked dams i mmuni zed o ra l ly o r  

paren terally wi th  SAl l ,  were pro tected  aga i n s t d i arrhoea when challenged 

w i  th SAl l . Those which sucked on sero-nega t i ve dams were no t pro t ec t ed . 

Howeve r , t h i s  app r oach would no t be pos s i ble  i n  man s i n c e  r o t av i ral  

i n fe c t i on can cause c l i n i cal i l lness i n  ad u l t s  and i t  could  also  be 

t ransmi t t ed f rom mo thers t o  the i r  ch i ld ren . 

The approach repor ted by Sher idan e t  al . ( 1 984 ) o f  vac c i na t i ng 
m i ce before par t u r i t i on wi th a non- i n f e c t i ous emp ty capsid  o f  SA1 1  woul d  

b e  feas ible  for vaccinat ing human mo ther s . In  that s t udy , She r i dan e t  

a l . ( 1 984 ) found tha t the emp ty caps i d s  e l i c i  ted h igh t i t res o f  

r o t avi ral spe c i f i c  IgG , and to a lesser  degree IgA , in  colos t rum and 

m i l k .  M i ce born o f  i mmun i zed dams acqu i red h igh levels o f  an t i bod i es 

and res i s t ed challenge w i t h  the mu r i n e  r o t av i rus EDIM whi l e  t hose born 

o f  con t rol  m i ce s hed the v i rus and developed d i ar rhoea w i t h i n  two days 

o f  chal lenge . 

A mod i f i ed l i ve r o t avi rus-coronav i rus vaccine ( " Cal f  Guard " )  

d eveloped by Norden Labo ra tories was app roved in 1979  i n  the  USA t o  

vac cina t e  cows before pa tu r i t i on . The i n i t i a l  vacc ina t i on was car r i ed 

ou t four t o  1 1  weeks be fore calv ing wi th  the second vacc i na t i on 2 2  days 

l a t er . F i eld t r i a ls have led t o  equivocal resul ts . Hudson ( 1 98 1 )  

c l ai med t h a t  t h i s  vaccine sign i f i can t ly reduced b o t h  c a l f  mor t al i ty and 

the i n c i d ence o f  d i ar rhoea in  vaccina t ed herds when compared w i t h  herds 

w i t hou t vacc ina t i on , and calves o f  vacc i na ted cows requ i red less 

t reatmen t when they developed d i a r rhoea t han affec t ed calves f rom 

non- i mmun i zed cows . I n  con t ras t ,  Wal tne r-Toews e t  al . ( 1 985 ) found 

that  the vacc i ne was no t " e f fect ive i n  preven t i ng calf d i a r rhoea o r  c a l f  

mo r t al i ty .  Di f fe rences in  ei ther t h e  i n c i dence or t h e  course o f  
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d i a r rhoea were no t f ound be tween calves f r om vac c i na t ed o r  

non-vac c ina t ed cows when vac c i n a t i on was e i ther car r i ed ou t i n  cows 

randomly wi t h i n  a herd or in a l l  cows from randomly s e l e c t e d  herds . 

Fur t he rmore , no sign i f i can t an t i body rises were d e t e c ted i n  colos t rum 

be tween vac c i na t ed and con t ro l  cows (Myers and Snodgrass 1 98 2 , 

Wal tner-Toews e t  al . 1 985 ) .  I t  t hus appears that  t h i s  vaccine i s  no t 

e f fec t i ve i n  prev ent ing ro t avi rus assoc iated d i arrhoea i n  calves . 

Ac t ive immun i t y agains t r o t av i rus can be ach i eved by i mmun i z ing 

ch i ld ren w i th  a t t enua t ed o r  avi rulen t ro t av i rus vacc i nes wh i ch are 

capable  o f  e l i c i t i ng an an t i body response before the ch i ld ren reach 6 t o  

2 4  mon ths o f  age . Seve ral a t t emp t s  have been made t o  deve lop vacc i nes , 

u s i ng clas s i cal me thods such as the "Jenner ian" approach for man , w i th  

bov ine or  s i mian ro tavi ruses ( Kapi kian et al . 1986a ) . 

The bov ine rotavi rus vac c i n e  ( RIT 4237 s t ra i n )  i s  d e r i ved f rom the 

bov i ne r o t avi rus NCDV ( Mebus et al . 1 9 7 1 ) .  The RIT 4237 s t ra i n  is a 

cold-adap t ed mu tant tha t was a t t enua ted dur ing 147 

embryon i c  ki dney cells ( Kapikian et  al . 1986a) . 

pas sages i n  bov i ne 

When the vac c i n e  was 

t e s t ed in human adu l t  volun t eers  and chi ldren , i t  was found safe f o r  use 

in man ( Ves i ka r i  et al . 1 983a , b ) . No gas t ro i n t es t inal or 

cons t i t u t i onal symp toms or changes we re found in vacc i na ted subj ec t s .  

Howeve r s e roconvers i on was rarely detected pos s i bl y  due t o  the pres ence 

of pre i nocula t i on an t i bod i es . When the vacc ine was g i ven to ch i ld ren 

b e t ween s i x and 12 mon ths of age , by one or two oral doses  be f o re the 

occur rence of ro tav i rus epi demics ( Ves i ka r i  et al . 1 98 4 , 1985 ) ,  abou t 

50% o f  vacc inees seroconve r t ed and 82-88% were pro t ec ted aga i n s t  

c l i n i ca l  d i a rrhoea las t i ng f o r  more than 2 4  hours , d u r i ng subsequen t 

e p i d em i cs o f  ro t avi ral i n f e c t i on . Howeve r ,  the vacc ine d i d  no t pro t e c t  

aga i n s t m i ld d i arrhoea las t i ng less than 24 hours i n  these ch i ld ren . 

F i na l ly t he vacc ine was gi ven t o  newborn bab ies a t  f i ve days o f  age , 

a i med t o  s t imulate an immun i t y before they reach the age when i n fe c t ion 

is  mos t common ( Ves i ka r i  et  al . 1 987 ) .  At  one mon th a f t e r  vac c i n a t i on , 

seroconve r s i on was d e t ec t ed i n  only 33% of vacci nees . During a p e r i o d  

o f  1 6  mon ths , n o  d i f ference was found in  t h e  i n c i dence o f  r o t av i ral 

gas t roen t e r i t i s · be tween the vac c i ne and con t ro l  groups al though the  

s eve r i t y  of gas t roen t e r i t i s  was mod i f ied i n  vaccina t ed ch i ld ren . Thus 

the 'pro t e c t ive e f fec t s  o f  t h i s  vacc ine is doub t ful . 

The s i mian rotavi rus vac c i ne has been prepared f rom the rhesus 

r o t av i rus ( RRV ) s t ra i n  MMU18006 ( S tucker e t  al . 1 9 7 9 ) , wh i ch has been 

pas s aged n i ne t i mes in p r i ma ry or secondary monkey ki dney cel l s  and 
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. seven t i mes in  DBS-FRhL-2 cells (Ka p i k i an e t  al . 1985 ) . The v ac c i n e  

was also  found t o  b e  safe i n  adu l t s  ( Kapiki an e t  al . 1985 , 1 9 8 6 b ) . 

N i ne ty- four percen t o f  3 1  adu l t s  also deve l oped a serolog i ca l  response 

t o  t he vac cine . However , when the vac c i ne was tes ted in  chi ld r en aged 

f rom 4 mon ths t o  12 years , more ch i ld ren f rom the vacc ina t ed group had 

f ever ( over 38 ° C ) , that clus t ered on days 3 or 4 pos t va� c i na t i on ,  

rhinor rhoea and developed wa tery s t ools t han those rece iving t h e  p lacebo 

( Anderson e t  a l . 198 6 ,  Kap ikian e t  a l . 1986b , Losonsky e t  al . 1 9 8 6 a , 

Ves i ka r i  e t  al . 1 986 ) . Shedd i ng o f  the vi rus was d e t e c ted i n  

vac c i n a t ed ch i ld ren for up  t o  eigh t days and 8 6  to 1 00% o f  vac c i nees  

devel o ped a fou r fold  or grea t e r  an t i body res pons e to the  vac c i ne . Th i s  

s i de e f fects  could no t be e l i mina t ed , by reduc ing the dose o f  vac c i ne 

f rom 1 0 5 and 107 t o  103 and 104 p laque forming uni ts  ( PFU ) ( Pe r e z - S ch a e l  

e t  al . 1987 , Rennel s  e t  al . 1987 ) . Fur t hermore , only hal f o f  t h o s e  

rece i v i ng the d o s e  o f  103 developed an t i body response . There f o r e , 

f u r t h e r  a t t enua t i on of this  vac c i ne i s  requi r ed . 

A vaccine a i med t o  reduce ro t avi ral infe c t ion and rela t ed losses  i n  

calves was devel oped f rom NCDV ( Mebus e t  al . 197 1 )  wh i ch was a t t enua t ed 

by passaging i t  approx i ma tely 200 t i mes i n  foe tal bovine kidney c e l l s  

wi t h  t h e  las t 6 0  passages a t  2 9  t o  30° C ( Mebus e t  al . 1 9 7 3 ) . 

Adm i n i s t ra t ion o f  this  a t t enua t ed vaccine to hys terect omy- d e r i ved  

colos t rum-depr i ved calves a t  6 to 7 hours af ter  bi r th did  no t cause 

d i ar rhoea bu t s t i mula ted an t i body p roduc t i on agains t the v i ru s . 

Prel i cens ing and pos t l i cens ing f i e l d  t r i a l s  demons t ra t ed t ha t  o ra l  

vacc i na t i on o f  calves wi th t h i s  vacc ine  a t  b i r th o r  5 days a f t e r  b i r t h  

s i gn i f i can t ly reduced morb i d i t y  ( f rom 50% t o  17%)  and mor t al i ty ( f r om 9 %  

t o  1 % )  in  vacc ina t ed herds compared wi t h  t h a t  preva i l ing b e f o r e  

vacc i na t i on ( Mebus e t  al . 1 97 2 ,  Twi ehaus e t  al . 1975 ) . The bene f i c i a l  

e f fe c t s  f rom t h i s  vacc ine could no t ,  however , be demon s t r a t ed when 

double b l i nd f i e ld t r i als we re car r i ed ou t (Acres and Rad os t i t i s  1 9 7 6 , 

B lackmer 1 97 6 ,  Thurber e t  al . 1 9 7 7 ) , s i nce morbi d i ty and mor t al i t y  due 

t o  neona tal d i ar rhoea were n o t  s i gni f i can t ly d i f feren t b e t ween 

vac c i n a t ed and p lacebo-receiving groups . Howeve r , the overa l l  morb i d i t y 

and mo r t ali ty i n  bo th groups were s i gn i f i can t ly less than t ha t  recorded  

i n  p revious years . Fur thermore , pro t e c t ive e f fe c t s  of the vac c i ne could  

be demons t ra t ed i n  sequen t i al  t r ials  ( B lackme r  1976 , Thurber  e t  a l . 

1 9 7 7 ) .  Morb i d i t y  and mor t al i t y were s i gn i f i can t ly reduced i n  vacc i na t ed 

calves compared wi th that recorded before vac cinat ion was commenced o r  

i n  unvacc ina t ed con t rols i n  the t i me be tween each t r i al . The 

con t rovers i al resu l t s  from these s t udies  led these au thors t o  conclude 

tha t the double bl ind t r ials were no t app rop r i a t e  for  evalua t i on of  t h i s  
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m od i f i ed l i ve-vi rus vacc i ne . Th i s  was because vacc i n a t ed an imals c o u l d  

s p read the vacc ine vi rus t o  placebo- rec ipi en t s  o r  unvaccina t ed con t ro l s  

i n  t h e  same herds , so  tha t  there were no real con t ro l s . O n  t h e  o t h e r  

h and , unvaccinated con t ro l s , i f  natu rally infec ted , may shed l a rge 

amoun t s  o f  v i ru len t v i rus wh i ch could ove rwhe lm the res i s t ance induced 

b y  vac c i ne in  vaccinated  an i mals . These two e f f e c t s  could equa l i z e  the 

m o r b i d i t y  and mo r t a l i ty rates in the vacc ina ted and con t rol groups . 

A mod i f i ed l i ve-vi rus porc i ne ro tavirus vac c ine has been shown i n  

p re l i cens ing t r i als to reduce the inc idence o f  d i a r rhoeal di seas e and 

i mprove weigh t gain i f  admi n i s t ered be fore wean i ng ( Wes tercamp 1 9 8 6 ) . 

I n  t he f i rs t  t r i al , p igle t s  vaccinat ed w i t h  two oral doses o r  two  

i n t ramuscular doses a t  7 o r  2 1  days o f  age gained an  average o f  4 . 7  l b  

( 2 . 1  kg ) and 5 . 9  l b  ( 2 . 7  kg ) more we igh t t han con t rol  p i gs , 

res pec t i vely , by 7 weeks pos twean ing . Con t rol  p i gs generally deve l o p e d  

s ev e re s cours , subsequen t ly became dehyd rated a n d  requi red t rea tmen t f o r  

an ave rage of 4 days . Vaccinated pigl e t s  developed only m i ld s c o u r s  

t h a t  d i d  no t require  the rapy . I n  t h e  second t r i al on 1 7 50 p i g le t s , 

t hose  wh i ch were vacc i na t ed once via d rinking w a t e r  a t  weaning ,  had l e s s  

s evere d i ar rhoea and ga i ned a mean o f  4 l b  ( 1 . 8  kg ) more we igh t than t h e  

con t ro l s . 

Modern approaches t o  the  develo pmen t o f  ro t av i rus vacc ines , such a s  

subun i t and recomb inan t v i rus vac cines , have also been a t temp ted w i t h  

encou raging resul t s . Emp ty-caps i d  vaccine prepared f rom SA1 1  b y  

grad i e n t  cen t r i fuga t i on h a s  been des c r i bed ear l i e r  i n  this sec t i on f o r  

i mmun i z i ng pregnan t m i ce ( Sher idan e t  al . 1984 ) . Since bo t h  t h e  

p r o t e ins (VP3 and VP7 ) responsi ble for neu t ral i za t i on are loca t ed on t h e  

o u t e r  caps id  ( Mason e t  al . 1 983 ) , such vaccine may b e  able t o  s t i mu l a t e  

i mmun i ty agains t several sero types o f  ro tavi rus es . 

The gene encod i ng VP7 , the maj o r  neu t ral i z a t i on pro t e i n ,  has been  

f u l l y  sequenced and compared be tween d i f fere n t  sero t ypes ( Charp i l i enne 

e t  al . 1986 , Green e t  al . 1987 , Ri cha rdson e t  al . 1 984 ) .  The gene 

encod i ng for VP7 o f  SAI l  ro t avi rus ( gene 9 )  has been cloned and i n s e r t ed 

i n t o  the plasmid PUMA9 1 ( Arias e t  al . 1986 ) .  The fused gene v e c t o r  

PUMA9 3Z was then used t o  t rans form t he MX6 14E s t ra i n  o f  E . col i .  Two 

hyb r i d  polypep t i des were produced in this sys tem and were found t o  

i nduce neu t ral i z i ng an t i bo d i es to SAIl when 

t h e s e  hybrid polypep t i des can be produced 

could  be used for immunopro phylax i s . 

inj ec t ed into  m i ce . I f  

in  la rge quan t i t i es ,  t he y  
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ro t av i ral  gene 

as a re c omb i na n t 

bac t e r i a  coul d  

t rans i en t ly colonize the small  

an t i gen i n  the local env i ronmen t .  

provide pro t e c t ion ( Flores e t  al e 

i n tes t i ne , and express the r o t av i r a l  

Th i s  may s t i mula te local i mmun i t y  and 

1 984 ) . Ano t he r  approach to t h e  

p roduc t i on o f  recomb inan t vaccines i s  t o  use a v i rus vec t o r  s u ch a s  

vacc i n i a  vi rus . Th i s  approach has been used to produce re c omb i na n t 

vaccines for o t her vi ruses ( Macke t t e t  al e 1 984 , Panicali and Pao l e t t i  

1 9 8 2 )  and has also been used recen t ly t o  �xpress the VP7 gene o f  SA1 l  

( Andrew e t  al e 1987 ) .  A cDNA copy o f  the VP7 gene was i ncorpora t e d  

i n t o t h e  vaccinia vi rus genome under t h e  con t rol  o f  t h e  vac c i n i a  

p r omo t e r . The recombi nan t vacc i n i a  v i rus d i rec ted the syn t hes i s  o f  

ro t av i ral  pro t ein  in  infec t ed cells and the produc t was secre t ed . �he n  

recomb i nan t vacc inia  v i rus was inj ec ted i n t o rabbi t s ,  infec t ed an i m a l s  

genera t e d  an t i bod ies wh i ch were able t o  recogn i ze SA1 1 in  a n  ELI SA t e s t 

and t o  neu t ralize  the v i rus in  a PRN assay . The neu t ral i z i ng an t i bod i es 

p roduced are sero type-spe c i f i c  s i nce t hey reac ted only wi th  s e ro type  3 

v i ruses when tes t ed agains t represen t a t ive s t ra i ns o f  all four  human 

s e r o types . Now that two v i ral pro t e ins ( VP3 and VP7 ) have been shown t o  

b e  i nvolved i n  vi rus neu t ra l i z a t ion , i t  i s  neces sary t o  t ake t h i s , a s  

we l l  as sero type var i a t i ons , i n t o  cons i de ra t i on when at temp t s  are made 

to  deve lop ro tavi rus vac c i nes , for use i n  human o r  an imal speci es . The 

va c c i n i a  vi rus vec t o r  may o f fe r  subs tan t i a l  advan t ages s i nce a la rge 

non-ess e n t i al region o f  the vi rus genome could accommodate mul t i pl e  gene 

i n s e r t i ons ( And rew e t  . al . 1987 , Perkus et  al e 1985 ) , and thus a l l ow 

t h e  produc t i on of a s i ngle vaccine wh i ch could i nd uce immun i ty agai n s t  

a l l  s e r o t ypes of ro t avi ruses i n  man and an i mal s . 

1 . 5  NON-GROUP A ROTAVIRUSES 

1 . 5 . 1  I n t roduc t i on to non-group A ro tavi ruses 

Be fore 1980 , all  ro tavi ruses detected  f rom d i f feren t an imal s pe c i es 

were t hough t to share a common group an t igen ( F lewe t t  and �oode 1 9 7 8 ,  

�oode e t  a l e 1 9 7 6b ) . Th i s  v i ew has changed s i n ce Bridge r ( 1 980 ) a n d  

S a i f · e t al e ( 1 980 ) d i s covered vi ruses i n  p i g  faeces wh i ch we r e  

morpholog i cally s i m i lar t o ,  y e t  an t igeni cally d i s t i n c t  f rom , t h e  

conven t i onal ro tavi ruses . These non-conven t i onal ro tav i ruses have s i n c e  

been d e t e c t ed i n  man ( Rodger e t  al e 1 982 ) , ca t t le  (Chasey and Dav i es 

1 9 84 ) , l ambs ( Chasey and Banks 1984 ) , chi ckens ( McNu l ty e t  al e 1 9 8 1 ) ,  
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t u rkeys ( Sa i f e t  al . 1 9 8 5 )  and ferre ts (Torres -Med i na 1987 ) .  They are 

commonl y  refer red to as ro tavi rus-like v i ruses ( Br i dger 1980 ) , 

para ro t av i ruses ( Bohl e t  al . 198 2 ) , or s i mply a typi cal r o tavi rus e s  

( B r i dger and Brown 1 985 , Chasey and Dav ies 1984 ) .  Pedley e t  a l . ( 1 983 , 

1 98 6 )  made t he i n i t i al e f fo r t  to d i s t inguish these a typ i cal f rom typi cal 

r o t av i ruses . On the bas i s  of cross-reac t iv i ty of g roup an t igen , genome 

p ro f i les by PAGE and one-d imens ional terminal f i ngerp r i n t i ng ,  mos t 

r o t av i ruses i s ola ted  s o  far were class i f i ed i n t o  one o f  the follow i ng 

groups , A ,  B ,  C ,  0 ,  E ,  F and poss ibly G ,  wi t h  t he t yp i cal ro tav i rus as 

group A ro tavi rus . I n  pigs , groups A ,  B,  C and E have s o  far been 

recovered and the i r  s chema t i c  genomi c  pa t t erns are shown in Fig . 1 -2 . 

A B c E 

Fig.  1-2 Schema t i c RNA" pat t erns of rotavi rus groups A ,  B ,  C and E .  

1 . 5 . 2  Group B rotavi ruses 

Group B ro tavi rus was first repor ted by Bri dger ( 1 980 ) in faeces o f  

t hr ee week old p i gs a f fe c ted by PWD . I t  was fo�nd tha t the v i rus 

res embled typi�al ro tavi rus morphologically but the conval escen t s e ra 

f rom the in fec ted p i g s  fai led to reac t wi th the then known rotavi ruses . 

Fur ther analys i s  by PAGE revealed tha t the vi rus con t a i ned 1 1  segmen t s  

o f  double-s t rand e d  RN A  w i th an overall s i ze range s i m i lar t o  tha t o f  the 

conven t i onal r o t a v i rus bu t wi th an unusual elec t rophore t i c  pat t e r n  

( B r idger e t  al . 1 98 2 ) .  In compari son w i t h the conven t i onal ro tavi rus , 

s egmen ts 5 and 6 o f  the  newly recognized vi rus ran much closer t oge t he r  
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and the t r i ple t o f  segmen t s  7 ,  8 and 9 was r e p laced by a double t .  A t  

t h e  p os i t i on o f  segmen t 10 , t he re was a pa i r  o f  bands i n  the  new v i r u s . 

Ped l ey e t  al . ( 1 98 3 )  sugges t ed the des igna t i on o f  group B r o t av i ru s . 

G roup B rotavi rus has been de tec ted t o  da t e  i n  man ( Hung e t  a l . 

1 9 84 ) , p igs ( B r i dger 1 980 , B r i dger e t  al . 1 982 ) , cat t l e  ( Chasey a n d  

Dav i e s  1 984 ) , lambs ( Chasey and Banks 198 4 ) , and ra t s  (Vonder f e ch t e t  

a l . 1 9 8 4 , 1988 ) . Th i s  v i rus has been repo r t ed t o  be res pons i b l e  f o r  

o u t b reaks o f  d i a r rhoea i n  adu l t s  i n  China ( Hung e t  al . 1984 ) . Chasey 

and Banks ( 1 984 ) also repo r t ed tha t group B r o tavi rus was res pons i bl e  

f o r  1 7  i ndiv idual outbreaks o f  d iar rhoea i n  lambs i n  England and V a le s  

d u r i ng t he f i rs t  three months o f  1984 . O ther worke r s  have observed o n l y  

a m i ld d i ar rhoeal syndrome i n  young an i mals ass o c i a t ed wi th  i n fe c t i on b y  

g r o u p  B rotavi rus ( B r i dger 1 980 , Chasey and Banks 1 984 , The i l  e t  a 1 . 

1 9 8 5 )  . Expe r imen tal i n fec t i ons of gno tobi o t i c  p igs (The i l  e t  a 1 . 

1 9 8 5 )  , a colos t rum-depr ived lamb ( Chasey and Banks 1 984 ) , and 

gno t ob i o t i c  calves and lambs ( Snodgrass e t  a1 . 1 98 4 )  have p ro d u c e d  

d i a r rhoea and ano rex i a  commencing 1 5  t o  24 h o u r s  pos t i n fec t i on . 

S e rologi cal evi dence i n d i cated tha t  86% o f  p igs surveyed h a d  

an t i bod i es t o  group B ro tavi rus ( B r i dger and B rown 1 985 ) . Howeve r t h e  

v i r u s  has s o  far only been d e t ec t ed i n  the UK ( Br i dger  1980 , Chas ey and  

Banks , 1 984 ) , Braz i l  ( De San Juan e t  al . 198 7 ) , China ( Hung e t  a l . 

1 9 8 4 )  and the USA (The i l  e t  a! . 1985 ) . Follow i ng expe r i me n t a l  

i n fe c t i on o f  lambs wi th calf group B ro t av i rus and pigl e t s  w i t h  l am b  

r o t av i rus , a l l  i n fec ted animals shed t h e  v i rus and d eveloped d i a r rh o e a  

w i t h i n  2 4  hours o f  inocula t i on ( Snodgrass e t  al . 1984 ) .  

1 . 5 . 3  Group C ro iavirus 

In 1980 , Sa i f  et al . ( 1 980) d e t ec ted r o t a v i rus - l ike v i rus t oge t h e r  

w i t h  cal i c i v i rus - l i ke and 3 2  nm v i rus- l i ke par t i cles i n  d i ar rh o e a l  

f a e c e s  o f  young p igle t s . La t e r  the r o t av i rus - l i ke v i rus was pur i f i ed i n  

gno t ob i o t i c  piglets  by e l i m inating the o the r two vi ruses , and was 

t en t a t i vely refe rred to as pararotav i rus ( Bohl et  al . 1982 ) .  The v i r u s  

d i d  no t cross-react wi th , and had a d i f ferent  e l e c t ropho re t i c  p a t t e r n  

f rom , t he group A and B ro tavi ruses and was c l assi f i ed as group  C 

r o t av i rus ( Pedley e t  a1 . 1983 ) . The charac t er i s t i c  o f  group  C 

r o t av i r a l  pa t t erns by PAGE i s  that  segmen t 7 runs close to s egmen t 6 

ra t he r  t han t o  segment 8 as i n  group A ro tavi rus . 

G roup C r o t avi rus has s o  far only been d e t e c t ed i n  p i gs ( Sa i f e t  
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a l . 1 980 , Chasey and Dav i es 198 4 ) , ·  humans ( Di m i t rov e t  al . 1 9 8 3 , 

Rodger e t  a l . 1 98 2 )  and ferre ts (Tor res -Med i na 1 987 ) .  Th i s  v i rus i s  

u s ua l l y  a s s o c i a ted w i t h  m i ld d i a rrhoea o f  young i nd i v i duals . 

E x p e r i men t a l  i n fec t i ons o f  gno tobio t i c  pigle t s  w i t h  group C r o t av i r u s  

h a v e  r e s u l t e d  i n  d i ar rhoea a t  17 t o  30 hours a f t e r  i n f ec t i on ( Bohl  e t  

a l . 1 98 2 , Snodgrass e t  al . 1984 ) .  P i gle t s  less than 5 days o f  age 

w e r e  more severely a f fec ted than o ld e r  pigs and some d e a t hs o c c u rred  i n  

t he young bu t no t i n  the  older pigs ( Bohl e t  al . 1 9 8 2 ) .  Howe v e r  t he 

human group  C r o t av i rus fai led t o  infec t 5 day o l d  gno t o b i o t i c p i gs 

a l t hough t he s e  p i gs were later  infec t ed wi th  p o r c i ne group C r o t av i rus  

and developed  d i a r rh oea ( B r i dger e t  al . 1986 ) .  

P r e l i m i nary  inves t i ga t i ons by s erology s ugge s t e d  that  group C 

r o t av i ral i n f e c t i on i n  human popu l a t i ons was s po r ad i c  ( B r i dge r e t  a l . 

1 9 8 6 , E s pej o e t  al . 1 9 8 4 ) , yet  i t  has been d e t ec t ed i n  Aus t ra l i a  

( Rodg e r  e t  a l . 1 9 8 2 ) ,  B raz i l  ( Pere i ra e t  al . 1 986 ) , Bulga r i a  ( Di m i t ro v  

e t  al . 1 9 8 3 ) , F r ance ( N i c o las e t  al . 1983 ) ,  Hungary ( Szucs e t  a l . 

1 9 8 7 ) ,  Mex i co ( Es pej o e t  al . 1984 ) , and the UK ( B r i dg e r  e t  al . 1986 ) .  

I n  con t ras t ,  B r i dg e r  and Brown ( 1 9 8 5 )  repo r t ed that  7 7% o f  p i gs i n  t h e  

UK had an t i bo d i es aga i n s t group C r o t avi rus , bu t i n fec t i on o f  p igs w i t h  

t h i s  v i rus has only been recorded i n  Belgium ( Ped l ey e t  a l . 1 9 8 3 ) , t h e  

UK ( Chasey a n d  Dav i es 1 984 ) and t h e  USA ( Bohl  e t  al . 198 2 ) . 

1 . 5 . 4  O ther groups o f  rotav i ruses 

The d e s igna t i on o f  group D ro t av i rus was g i ven by Ped ley et a l . 

( 1 986 ) t o  a c h i c ken ro t av i rus ( 1 3 2 )  d e t e c t ed i n  1 9 8 1  ( McNu l t y  e t  a l . 

1 98 1 ) . Se r o l o g i ca l  ev i dence i nd i c a t ed that 70% o f  chi ckens had been 

i n fec t ed w i t h  the  v i rus . Th i s  was s i mila r  t o  the p revalence o f  group A 

r o tavi r a l  i n f e c t i o n  i n  ch i ckens ( McNulty  e t  al . 1 98 4a ) . 

A r o t av i rus d e t ec t ed i n  p i gs by Chasey e t  al . ( 1 9 8 6 ) was 

c lass i f i ed as  g r o u p  E r o t av i rus ( Pedley et al . 1986 ) .  The v i rus  caused 

only m i ld d i a r rhoea even i n  gno t ob i o t ic  pigl e t s . Serologi cal  e v idence 

i nd i ca t ed that  o n ly p i gs ove r 10 weeks of  age were i n fec t ed and none o f  

t h e  an i ma l s  s u rveyed und e r  10 weeks o f  age had an t i bod i es t o  t he v i rus 

( Chasey e t  a l . 1 9 8 6 ) . 

The V i rus s t ra i ns A4 and 555 whi ch we r e  i d en t i f i ed i n  c h i ckens 

( McNu l t y  e t  a l . 1984b ) have been des igna ted as group F and p os s i bly 

group  G r o t av i r u s e s  by Bridger ( 1 98 7 ) .  O t h e r  unclas s i f i ed r o t av i ruses 

i nclude those s t ra i n s  d e t ec ted in ch i ckens ( Be l l i nzoni  e t  a l . 198 7 b ) , 
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t u rkeys ( T he i l  et al . 1986 , The i l  and Sai f 1987 ) and pheasan t s  ( Gough 

e t  al . 1 9 85 ) . 

1 . 6  AIH AND SCOPE OF THE PRESENT STUDY 

From t he p receed i ng r ev i ew , i t  i s  clear tha t  t h e r e  a r e  gaps i n  o u r  

knowledge conce rning the e p i demi ology o f  r o t av i ra l  i n f e c t i ons and t he 

i mmun i t y  t hey i nduce . A b e t t e r  understand i ng o f  t hese  as pe c t s  would 

grea t ly as s i s t  the cons t ru c t i on and developmen t o f  e f f i c i en t  con t rol 

measures t o  comba t r o t av i r a l  i n fe c t ions and rela t e d  d i s eases i n  t h e  

fu t u r e . The a i m  o f  the  present s t udy was t o  i nves t i ga t e  t h e  

e p i de m i ol ogy o f  r o t av i ral i n f ec t i ons and the i mmune res ponses i n  p igs 

f o l lowing n a t u ral infec t i on .  I t  is hoped that the i n f orma t i on o b t a i ned 

f rom t h i s  i nves t iga t i on w i l l  i mprove t he und e r s t and i ng of t he 

e p i d em i o logy o f  r o tav i ral i n f ec t i ons no t only i n  p i gs b u t  also i n  o t h e r  

s pe c i es o f  animals includ i ng man . 

B e f o r e  the ac t ual inve s t i ga t i ons were car r i ed o u t ,  t es t s  f o r  the  

d e t e c t i o n  of  r o tav i ruses in  p i g  faeces and an t i ro t av i ral an t i bod ies  i n  

s e rum and f aecal samp les o f  p igs were e i ther s tandar d i zed o r  developed 

in the  labora t o ry .  Th i s  is d e s c r i bed in chap t e r  two . 

The i nves t iga t i ons on the epidemiology o f  g r oup A ro tavi ral 

i n f e c t i o n  i nclud ing the p a t t e rns of shedd i ng and t ransm i s s i on , and the 

an t i body p r o f i les i n  se rum and i n  faeces f rom b i r th to  two mon ths of  age 

i n  rela t i o n  to nat u ral i n f e c t ion  f rom pi gs at Massey Unive rs i t y  P iggery 

are d e s c r i b ed i n  chap t e rs three  and four . 

The s t udy o f  the pa t t e rn o f  shedd i ng o f  group A r o t av i ru s  was 

e x t ended t o  ano ther f i ve New Zealand pigge r i es and i s o l a t es o f  group A 

r o tavi ruses from t hese f ive p i gge ries and from Massey P igge ry were 

compared by PAGE . In add i t i on ,  non-group A r o t av i ruses were also 

d e t e c t ed in these p igge r i e s . 

chap t e r  f i v e .  

A l l  these resul t s  a r e  summa r i zed i n  

The i mp l i ca t i ons o f  a l l  these find i ngs t o  t h e  con t ro l  o f  r o t av i ral 

i n fec t i on in  p i gs and o ther an i mals i s  d i scussed i n  chap t e r  s i x .  
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Cha p te r  Two 

GENERAL MATERIALS AND METHODS AND 

STANDARDIZATION OF VIROLOGICAL AND SEROLOGICAL TECHNIQUES 

2 . 1  GENERAL MATERIALS AND METHODS 

General ma t e r i als and me thods appl i ed in this  s t udy are des c r i bed 

i n  th i s  s e c t i on . The adap t a t i on and s t andard i za t i on of ELISA t es ts  used 

f o r  the d e t ec t i on o f  group A rotavi ral an t igen and an t i body are 

des c r i bed i n  s ec t i ons 2 . 2  and 2 . 3 ,  res pec t i vely . O t he r  s p e c i f i c  

procedures w i l l  b e  gi ven i n  re levant  chap t e rs . 

2 . 1 . 1  The p iggery 

Mos t o f  the  s t udy des c r i bed i n  t h i s  thes i s  was car r i ed o u t  i n  a 

60-sow p i ggery run comme r c i a l ly by Mass ey Uni vers i t y .  Th i s  p i ggery wi l l  

be r e f e rred t o  as Massey P i ggery . The re w e r e  app rox i ma t e ly 6 00 p i gs o f  

a l l  ages on the p remises a t  any one t i me . Managemen t i s  conven t i onal 

w i t h  t h re e  d i s t i n c t  rea r i ng s t ages , i . e .  suck i ng ,  wean i ng and 

fa t t en i ng . In the farrow i ng uni t ,  up to four sows are ac commoda t e d  i n  

each o f  four far rowing r ooms . Pigle t s  i n  t h i s  p iggery a r e  usually 

weaned at abou t f i ve weeks of age , then t rans f erred to a separa t e  weaner 

house . At e igh t to ten weeks of age , weaner  p igs are moved to f a t t ener  

houses whe r e  t hey are  ke p t  un t i l  slaugh t e r  a t  pork  o r  bacon we igh t ,  

usually a t  20 t o  2 2  weeks o f  age . Gene ral clean ing by hos i ng w i th  

p r e s s u r i zed wa t e r  i s  car r i ed ou t daily. throughou t the  p i gge ry . Clean i ng 

and d i s i n f ec t i o n  w i th  a commer c ial potass i um hyd roxide d i s i n fec t an t  

( Mu l t i kleen , KV P roducts  L t d . , Auckland , New Zealand ) i s  under taken a s  a 

r ou t i ne p rocedure  i n  the f a r r ow i ng rooms a f t e r  each b a t ch o f  p i gle t s  has 

been weaned . 

2 . 1 . 2  Collec t io n  and proces s i ng o f  faecal samples 

Faeces , faecal swabs ( co t t on woo l )  and i n t es t i nal con ten t s  

collec t ed f rom p i gs were t aken d i rec t ly to the labora t o ry f o r  

proces s i ng .  I n  the labo r a t o ry , these samples were ex t ra c t ed w i th 

phos pha t e  bu f fe red saline ( PB S )  a t  a ra t i o  o f  one t o  fou r . A f t e r  

homogen i za t ion o n  a 

Loughbo rough , England ) ,  

Vh i r l i m i xer ( F i s ons Scien t i f i c  Appara tus , 

the  samp les were cen t r i fuged a t  1 , 000 g f o r  1 0  
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m i n .  The supe rna t an t  was harves ted and s t o red a t  -70° C .  

2 . 1 . 3  Collect ion and processing o f  blood samples 

Blood was c o l l e c t e d  f rom p igle ts  by veni puncture o f  t h e  an t er i o r  

vena cava and f rom s ows by ven i punc ture o f  the ear ve i n  us i ng a s t e r i le 

needle and s t e r i le evacu a t ed glass tube ( " Neo-Tube " , N i p ro ) . The tubes  

were  kep t  a t  4 ° C overnigh t  and then cen t r i fuged a t  1000 g f o r  10 m i n  

before the serum was pou red o f f  and s t o red a t  -20° C .  

2 . 1 . 4 Cell cul tures 

Throughou t t he p roj e c t , MA-104 , a monkey ki dney cell  l i ne , was 

pas saged s e r i al ly by conven t i onal me t hods and used for v i rus t i t ra t i o n ,  

s erum neu t ral i za t i on and p roduc t i on o f  v i ral  an t i gen f o r  ELISA . G r ow t h  

med i um cons i s t ed o f  5 t o  10% ( v/ v )  foetal  cal f serum ( FC S )  i n  Eagle ' s  

M i n i mum Essen t i al Med i um " ( HEM)  w i th  the  add i t i on o f  p en i c i l l i n  ( 100 

un i t s / ml ) , s t re p t omyc i n  ( 10 mg/ml ) ,  kanamyc i n  ( 10 mg /ml ) m i x ture ( PSK)  

t o  1 %  ( v /v ) . The  ma i n t enance med ium was the  same as  t h e  g r o w t h  med i um 

exce p t  that FCS was omi t t ed . All the ma t e r i als used f o r  cell c u l t u r e  

i nclud i ng med i a ,  cul t u r e  f l asks , m i c ro t i t re p la t es and glas sware w e r e  

s t e r i l i zed by u l t ra f i l t ra t ion , y- i rrad i a t i on o r  by au t o clavi ng a s  

approp r i a t e .  

MA-104 cells were  usual ly pas saged i n  2 0  ml plas t i c  t i ssue cul t u re 

f lasks ( Nunclon , I n t e rHed , Denma rk)  w i th approximat ely 1 x 10 5 cel ls / m I . 

Confluent monolayers  were  formed a f t e r  i ncuba t i on a t  3 7 ° C i n  a CO 2 
i ncuba t o r  for  3-5 days . For  f u r the r passage , cell mono l ayers we r e  

t ryps i n i zed w i th an t i b i o t i c- t ry p s i n-vers ene ( ATV ) m i x ture  and v i ab l e  

cells  were coun ted by t he t rypan b lue exclus i on method . The suspended 
, 

cells  were then d i s t r i bu t ed i n t o  cul t u re f lasks , cul t u r e  t ubes a t  

a p prox i ma t ely 1 x 10 5 c e l ls / ml o r  i n t o  micro t i t re pla t es a t  1 . 7 5 x 1 0 5 

cells/ml accord i ng t o  r e q u i remen t . 

2 . 1 . 5  Produ c t i on o f  v i rus  s to cks 

P o r c i ne r o t av i rus i s o l a t e  SW20/ 2 1  ( Woode et al . 1 9 7 6 a )  was k i n d l y  

suppl i ed b y  Dr . J . C .  B r i dge r , Ins t i tu t e  o f  An i mal Heal th , Com p t o n  

Labo ra t ory , Comp t on , Newbury , Be rks , RG 1 6  ONN , England . 

The v i rus was c u l t u r ed i n  MA-104 cells . Confluen t monolayers  i n  

cul tu r e  flasks ( 20 ml ) were washed twi ce w i t h PBS , the  med i um was t hen 
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changed to MEM wi thou t serum bu t wi t h  0 . 5 �g porcine t ryps i n  ( ty p e  I X ,  

S igma , S t  Louis , Mo ) p e r  ml and t h e  f lasks were inocula t e d  w i t h  2 ml o f  

v i rus s t o ck ( approx i ma tely 0 . 5  t i ssue cu l t ure i n fec t i ve d o s e  (TCI D )  p e r  

cell ) .  Vi ruses were harves ted when mos t c e l l s  de tached f rom t h e  cul t u re 

f lask wal l ,  usual ly wi t h i n  f i ve days af t e r  i n fec t i on and we re s t o red a t  

-70° C .  

The same procedure was used for the p roduc t i on o f  v i ral  an t i gen for  

the  ELI SA t es t ,  exce p t  that  an  equal number o f  con t ro l  cell  cul tures 

were i ncluded and t reated iden t i cally b u t  were no t i n fec t ed wi t h  v i rus . 

2 . 1 . 6  T i t ra t i on o f  r o tavi ruse s  

For  t i t ra t i on o f  ro tavi ruses , confluent  monolaye rs o f  MA- 104 c e l l s  

w e r e  p re pared i n  96-well  m i c ro t i t re p l a t e s  ( Nunc , I n t e rMed , Denmark)  by 

d i s pens i ng 100 �l o f  cell suspens i on con t a i n i ng 1 . 75 x 1 05 cells  p e r  m l  

i n t o  each o f  the 9 6  wel l s .  A f t e r  the mono layers were f u l ly develo ped , 

each we l l  o f  the micro t i t re plate  was i nocula ted wi th  100 � l  o f  a s e r i a l  

10- fold d i lu t ion o f  v i rus p repara t i o n  i n  ma i n t enance med i um con t a i n i ng 

0 . 5  �g t rypsin  per mI . Four wel l s  were i noculated w i t h  each d i lu t i on 

and an appropri a t e  numbe r  o f  con t r o l  we lls  were inc luded . Inoculated 

pla t e s  were incuba ted at  37 ° C f o r  six  days and then examined for  the  

developmen t of cy topa t h i c  e f fec t ( CPE ) . V i rus t i tres were calcula t ed by 

the method o f  Reed and Muench ( 1 938 ) and expressed as  a TCIDs o /ml . 

2 . 1 . 7  Vi rus neutra li za t ion 

The procedu re used was s i mi l a r  to  that  des c r i bed f o r  v i rus 

t i t ra t i o n .  Pig s e ra were inac t i va t ed a t  56 ° C for 30 m i n  p r i o r  t o  use 

and t hen doubl i ng d i lu t i ons made i n  MEM s t a r t i ng from 1 / 2 .  One hundred 

�l o f  each se rum d i lu t ion was m i xed w i th  an equal volume ( 100- 1000 

TCI Ds o ) o f  v i rus sus pen s i on d i luted i n  MEM , con taining 0 . 5  �g t ryps i n  

per ml , and i ncuba t ed a t  37 ° C for  one hour . The m i x t u re was then 

t ransfer red on t o  prefo rmed monolayers of MA-104 cells wh i ch we r e  

i ncuba ted a t  37 ° C for  s i x  days for the developmen t o f  CPE . The t i t re 

was recorded as the h i ghes t d i lu t i on o f  test  se rum which t o t a l ly 

neu t ra l i zed the v i rus . All sera were t i t ra t ed in quad rup l i ca t e , and on  

each p la t e  a v i rus back t i t ra t i on was performed . 
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2 . 2  DETECTION OF PORCINE GROUP A ROTAVIRUS IN FAECES BY USING 

A COMMERCIAL ELISA TEST , AND COMPARISON VITH EM AND PAGE 

2 . 2 . 1  I n t roduc t ion 

S i nce ro tav i ruses are n o t  eas i ly adap t ed to cell  cul ture , o t her  

me t hods such  as  ELI SA , EM and  PAGE have b een developed to  detect  t he 

v i rus i n  c l i n i cal spec imens ( s e e  1 . 2 . 5 ) . Among thes e , the ELI SA t e s t i s  

t h e  mos t  commonly used f o r  t h e  d e t e c t i o n  o f  r o t av i rus i n  faeces . Many 

ELISA t es t s , comp l e t e  wi th a l l  r eagen t s , are ava i lable commerc ially . A t  

t he t i me when t h i s  proj ec t  was i n i t i a t ed ,  t h e r e  we r e  a t  leas t t w o  s u ch 

k i t s  on the  marke t .  One i s  t he ELISA ki t manufac t u r ed by Dako pa t t s 

( Copenhagen , Denmark)  and t h e  o t her the Ro t azyme by Abbo t t  D i agnos t i cs 

( No r t h  Chi cago , I I ) . Both o f  the  t es t s  were o r i g i nally developed for  

t he de t ec t i on o f  human group A r o tavi rus and were repo r t ed to be h i gh ly 

s e ns i t i ve and speci f i c  compared w i th  EM ( G rauballe e t  a l . 198 1 , Hammond 

e t  al . 1982 ) .  The ELISA ki t f rom Dako pa t t s was s e lec ted f o r  the 

i nves t iga t i on i n t o  the e p i d e m i o l ogy o f  porcine r o t av i ral infec t ion in 

t h i s  s t udy because i t  had been evalua t ed for  the de t e c t i on of group A 

r o tavi ruses i n  ca t t l e  (Graubal l e  e t  al . 198 1 )  and p i gs ( Askaa and B l och 

1 9 8 1 ) .  This  ki t has also been wi dely used by o t he rs ( Askaa e t  al . 

1983 , U t r e ra e t  al . 

r o t av i rus . 

1984 ) f o r  the d e t e c t i on o f  porcine group A 

Before  the ELI SA ki t was used  for  the p resen t i nves t i ga t i on ,  i t  was 

evalua ted f o r  i t s sens i t i v i ty and spe c i f i c i ty i n  t h i s  labora t o ry and the 

resu l t s  were · compared wi th t ho s e  o b t a i ned by EM and PAGE . 

2 . 2 . 2  Mat e r i a l s  and me thods 

Faecal s amples : Eighty n i ne faecal samples were collec ted f rom p i gs 

o f  var i ous ages f rom Massey P igge ry , and f rom ano ther p i ggery near by . 

Faeces were t aken to  the labo rat o ry and p rocessed as des c r i bed in 

s e c t i on 2 . 1 . 2 .  

De tect ion o f  g roup A rotavi rus by the ELISA ki t :  The ELISA ki t was 

p u r chased f rom Dakopa t t s ( Denmark) and cons i s ted o f  p o lys ty rene p l a t es 

( Nunc-Immuno Plate  I ,  I n t e rMed , Denmark) , c a t ch i ng an t i body produced in 

rabb i t s  aga i ns t human . group A ro t avi rus , con t rol an t i body ( pr e i mmune 

s e rum p r e para t ion) , conj uga t e  wh i ch is rabbi t an t i ro t avi ral an t i body 
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conj ugated  w i t h horse rad ish p e r o x i d ase , and blocki ng agen t ( no rmal 

rabbi t s e rum ) . The test was p e r f o rmed acco rding to the  manu f ac t u r e r ' s  

i n s t ruc t i ons w i t h  sl igh t mod i f i ca t i ons . B r i e f ly ,  al t e rna t e  wells i n  the  

p l a t es were coa ted wi th 100 �l of  c a t ching an t i body o r  con t rol an t i body 

d i l u t ed 1 / 50 in  0 . 05M carbona t e - b i car bona t e buf fer ( pH 9 . 6 ) . A f t e r  

i n cuba t i o n  f o r  an hour a t  room t empe rat ure , the pla t es were washe d  ten  

t i mes wi t h  PBS con taining 0 . 5% tween  2 0  ( PBS-Tween ) ( pH 7 . 2 )  us i ng a 

s emi-au t oma t i c  MINIWASH Washer As p i ra tor ( Dyna tech , V i rgi n i a ,  USA ) and 

s haken d ry .  Fae cal ex t rac ts  ( 1 00 � l ) f rom each sample , as  p re pared i n  

s e c t i on 2 . 1 . 2  were d i rec t ly added t o  two wells , o n e  p r ecoated wi th  

a n t i ro t a v i ral an tibody and ano t h e r  w i t h  con t rol an t i body . The p l a t e s  

w e r e  aga i n  incuba ted and washed as above and 100 �l o f  b locking agen t 

d i luted 1 1 2 5  i n  PBS-Tween p lus 1% b o v i n e  serum album i n  ( BSA ) was added 

t o  each o f  the wel ls . Hal f  an hour  l a t e r  100 �l o f  conj uga t e  d Uu ted 

1 / 250 was added to the pla t es wh i ch were i ncuba ted f o r  ano ther 3 0  min  

and washed as  above . The p l a t e s  were r i nsed w i t h  O . l M c i t r i c  

a c i d-pho s ph a t e  buf fer  ( pH 5 )  before  subs t r a t e  was add ed . The subs t ra t e  

was f reshly prepared i n  c i t r i c  a c i d - phospha t e  bu ffer cons i s t ing o f  0 . 04 %  

( w/ v )  o r  t h o-phenylened iamine ( OP O )  ( E .  Me rck Oarm's t ad t , Germany ) and 

0 . 0 12% H 2 0 2 • The reac t i on was s t o pped af ter  15 min by �he add i t i on o f  

1 M  H 2 S04 , F i nally the colour reac t i on was read u s i ng a SLT- 2 1 0  

a u t oma t i c  mul t i -pla t e  pho tome t e r  ( SLT- Lab ins t ruments , Aus t r i a ) . Samples 

w i t h an ELISA s peci f i c  abso rbence ( ES A )  value 

value ) o f  0 . 100 o r  over were cons i dered 

ro tavi ral an t igen . 

( tes t value con t ro l  

t o  be pos i t i ve f o r  group A 

De t e c t i on of rotavi rus by EH : Nega t i ve s t a in ing was used t o  d e t e c t  

r o t av i rus i n  faeces . Faecal ex t rac t s  a s  des c r i bed i n  2 . 1 . 2  we re f u r ther  

p rocessed for  EM . F i ve ml o f  each sample was cen t r i fuged a t  4000 g for  

30 m i n . The superna t an t  was laid  on t o  a 45%  ( w/ v )  suc r o s e  cushi on and 

cen t r i fuged at 150 , 000 g f o r  2 h .  The pellet  was then sus pended i n  0 . 1 

m l  o f  d i s t i l led wa t e r .  

One d rop ( 0 . 1 ml ) o f  1%  B SA was added to  a car bon- fo rmar coated 

g r i d , f o l l owed by a d ro p  o f  v i rus . A f t e r  was hing w i t h  d i s t i l led wa t e r , 

2% phos pho t ungs tic  acid  ( pH 7 . 2 ) was then added . Excess f lu i d  was 

absorbed w i t h f i l t er pape r a t  each s t ep and the g r i d  was f i nal ly 

exam i ned under a Ph i l l i ps EM 201 ( Ph i l l i ps , E i ndhoven , the Ne t her lands ) .  

Ten minu t e s  was allowed to  examine each grid  and sampl e s  w i th at l eas t 

three c l e a r  ro tav i ral  par t i cles were cons i dered to be p os i t i ve .  

De t e c t i o n  of ro tav i rus by PAGE : For elec t rophores i s ,  the procedure 
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d es c r i bed by Rodger and Holmes ( 1 9 7 9 )  and Oyall-Smi t h  and Holmes ( 1 984 ) 

was used . Hal f  ml o f  faecal ex t ra c t  as pre pared i n  2 . 1 . 2  was mi xed w i t h  

0 . 5  m l  o f  O . lM s o d i um ace t a t e  bu f fer  ( pH 5 )  con t a i n i ng 1%  sod ium d odecyl 

sul f a t e  ( SO S ) , and 0 . 5  ml phenol-chloroform ( 3 : 2 )  m i x t u r e . A f t e r  m i x ing 

for  one m i n u te , t he samp les were centri fuged for two m i n u t es a t  max imum 

revolu t i ons ( 1 0 , 000 g )  on an Eppendorf  mi cro-cen t r i fuge 54 1 5 .  The 

superna t a n t  was removed and used for elec t ro phore s i s .  Ten percen t 

polyacrylamide s lab gels w i t h  a 3% s t ack i ng gel were p repared . Af ter 

l oad i ng the samp les , elec t r o phores i s  was conducted at  a cons tan t curren t 

o f  1 0  rnA f o r  each gel for 1 6  h a t  4° C ,  us ing the d i s c o n t i nuous buffer  

sys t e m  d e s c r i bed by Laemm l i  ( 1 9 7 0 ) , but  wi thou t SOS . The  gel  was  then 

s t ai ned w i t h  s i lver  n i t ra t e  as d e s c r ibed by Herr i ng e t  al e ( 1 9 8 2 ) to 

v i sual i z e  t he RNA bands . The gel was f i xed i n  10% e t hanol con t a i n i ng 

0 . 5% ace t i c  acid  for  30 m i n , then  s t ai ned w i th  0 . 0 1 1M s i lver n i t ra t e  for 

1 h
·
i n  the  dark . A f ter r i n s i ng t w i ce w i th  d i s t i l led wa t e r , the gel  was 

developed us i ng a 1% ( v/ v )  f o rmaldehyde solu t i on con t a i n ing 0 . 75M 

p o t a s s ium hyd rox i d e .  The reac t i on was s t op ped by t rans f e r r ing the gel 

to a 5% ace t i c  ac i d  solu t i on .  RNA bands shown on the gel were 

phot ographed . 

Compar i son o f  the three tes t s  for dete c t i on of  group A ro tavi rus : 

The resu l t s  f rom the three t e s ts  were compared f o r  sens i t iv i t y  and 

s p ec i f i c i t y  us i ng the resul t s  f rom the EM examina t i on as a bench mark.  

Fur t he rmo re the sens i t i v i t y  of these thre e  t es t s  were compared for 

d e t e c t i o n  of r o t av i rus wi th s e r i a l ly d i lu t ed samples . F o r  this  p u r pose , 

three  faecal ext r ac t s  and one c e l l  adap ted ro tav i rus SW2 0 / 2 1  (Woode e t  

al e 1 9 7 6 a ) were ser ially d i lu t ed ten- fold u p  t o  1 0- 4 w i t h  PBS and each 

d i l u t i on was then processed for  ELI SA , EM and PAGE as d e s c r i bed above . 

2 . 2 . 3  Res u l t s  

O f  t h e  89 samples exam i ned , 28 yielded an ESA value o f  0 . 1 o r  over 

by the ELISA t es t ,  26 showed ro tavi ral par t i cles under  the EM and 20 

gave t y p i cal ro tavi rus RNA b ands on PAGE . A total  of 29 samp les were 

found to  be pos i t i ve for ro t av i rus by one or more o f  the three t es ts . 

Tabl e  2 - 1  shows t he resu l t s  ob ta i ned wi th the comb i na t i ons o f  these 

t es t s .  
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Table 2-1 . De tec t i on o f  ro tavi rus in faeces by ELI SA , EM and PAGE 

Tes ts  Number o f  spe c i mens 

ELISA+ , EM+ , PAGE+ 20 

ELISA+ , EM+ , PAGE- 5 

ELISA+ , EM- , PAGE+ 0 

ELISA+ , EM- , PAGE- 3 

ELI SA- , EM+ , PAGE+ 1 

ELISA- , EM- , PAGE- 60 

TOTAL 8 9  

O f  t h e  29  samples w i th  ro t av i rus d e t e c t ed , only o n e  was nega t ive b y  

ELI SA , bu t pos i t i ve b y  EM . However , t h i s  sample showed a RN A  p a t t ern by 

PAGE s i m i lar to  that  repor t ed for group C ro t av i rus ( Ped l ey e t  a l e 

1983 ) .  There fore , the ELI SA tes t had a s ens i t i v i ty o f  100% and a 

spec i f i c i ty o f  96 . 8% ,  and the PAGE had a s ens i t i vi t y  o f  80 . 8% and a 

spec i f i c i ty o f  1 00% i n  de t e c t ing group A ro t avi rus when compared w i t h  

EM . 

Those EM pos i t i ve samp les ( a pa r t  f rom the one w i t h  group C 

ro t av i ral pa t t ern by PAGE ) gave a mean ESA value o f  1 . 3360 ( rang i ng f r o m  

0 . 102  t o  2 . 000 ) i n  t h e  ELISA t es t . T h e  th ree samples  giv i ng ESA values 

over 0 . 1  but be i ng nega t i ve by EM had E SA values o f  0 . 1 1 4 , 0 . 1 2 9 and 

0 . 790 , respec t i vely . The rema ining samples had an ave rage ESA value o f  

0 . 0 1 2 7  + 0 . 0 1 7 7 3  ( mean + s t andard dev i a t i on ( SO » . 

Table 2-2  shows the resul ts  o f  these three  tes t s  i n  d e t ec t i ng group  

A r o t a v i rus i n  four s e r i ally d i lu t ed s ample s . I t  can be seen that  t h e  

ELISA t es t  i s  approxima tely ten- fold more sens i t i ve t han E M  w h i c h  i n  

turn  i s  ten- fold more s ens i t ive  than PAGE . 
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Table 2-2 . De t e c t i on o f  group A r o t avi rus by ELISA , EH and 

PAGE on four s e r i al ly d i lut ed samples 

Numbers of  samEles Eos i t i ve bZ 

D i l u t i on o f  samples ELISA EM 

10° 4 4 

10- 1 4 4 

10- 2 4 2 

10- 3 2 0 

10- 4 0 0 

2 . 2 . 4  D iscus s ion 

Th i s  s t udy s hows that the ELISA ki t developed 

d e t ec t i on of human group A r o t av i rus i s  also 

PAGE 

4 

3 

0 

0 

0 

o r i g i na l l y  f o r  the 

h ighly sens i t i ve and 

spec i f i c  f o r  the d e t e c t i on of porcine group A r o tavi rus und e r  the 

expe r i mental  cond i t i ons desc r i bed . G rauballe et al . ( 1 9 8 1 ) evalua ted 

t h i s  t e s t and found tha t i t s sens i t i v i t y  for  the de t e c t i on of group A 

r o t av i rus i n  faeces f rom man and cat t l e  was 96% and 9 8 % ,  res pec t i vely , 

when compared w i t h  EM . Askaa and B loch ( 1 98 1 )  repor ted tha t t he ELI SA 

ki t was also very  sens i t i ve ( abou t 9 0% )  f o r  the d e t e c t i o n  o f  group A 

r o t av i rus i n  p i g  f aeces . In the p resen t s t udy , the tes t was f ound t o  be 

100% sens i t i ve and 9 7 %  spe c i f i c compared w i t h  EM f o r  de t e c t ing group A 

r o t av i rus i n  faeces o f  p i gs . 

Bo th  G rauballe  e t  al . ( 1 981 ) and Askaa and Bloch ( 1 98 1 )  

encoun t ered some samples wh ich were pos i t i ve by EM but  nega t i ve by 

ELI SA . In t h i s  s t udy , one such sample was also f ound . Howeve r , t h i s  

sampl e  possessed a RNA pa t tern s im i lar  t o  group C r o t av i rus when 

analysed by PAGE . I n  t hose tes ts  car r i ed out  by Askaa and B l o c h  ( 1981 ) 

and G rauballe  e t  a l . ( 1 98 1 ) ,  howeve r , samples wi t h  pos i t i v e  resu l t s in 

EM bu t nega t ive  i n  ELISA were no t ver i f i ed by PAGE and t hese m i gh t have 

been due to the p resence of non-group A ro tavi ruses . 

The s e t t i ng o f  a p os i t i ve-nega t ive cu t -o f f  p o i n t  i s  a c r i t i cal 
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fac t o r  in  the de t ermina t i on o f  sens i t i v i ty and s pec i f i c i t y  o f  a 

par t i cular tes t .  The manu f a c t u r e r  o f  the Dako pa t ts  ELISA ki t r e c o mmends 

that an ESA value o f  0 . 100 should be used as the cu t -o f f  po i n t . The 

resul t s  f r om t h i s  s t udy s u p po r t  this  r e commenda t i on s i n c e  a l l  the 

samples pos i t i ve by EM produced E SA values over 0 . 100 . F u r t h e rmo r e  

those s amples which  did  no t y i e ld ESA values equal t o  o r  grea t e r  t han 

0 . 1 00 and wh i ch we r e  also nega t i ve in  EM had a mean ESA value o f  0 . 0 1 2 7 . 

I f  the cu t -o f f  p o i n t were s e t  a t  t he mean o f  the nega t i ves  p l u s  three 

t i mes t he SD of  t he mean , then  0 . 070 should have been used as the 

cu t - o f f  po i n t  i n  t h i s  s t udy . The fai lure t o  d e t e c t  ro t a v i rus by EM i n  

three samp les wh i ch had E SA values ove r  0 . 100 may have been d ue t o  the 

grea t e r  sens i t i v i t y  of the ELISA t es t  ra ther  than t o  i t  be i ng less 

s pe c i  f i c  i n  d e t ec t i ng group A rotavi rus than the E M . The s e  s amples 

produced ESA va lues wi thin the  range of  ESA values o b t a i ned w i t h  those 

samples pos i t i ve in EM . Th i s  claim i s  f u r ther suppo r t ed by t h e  fac t 

that  the ELI SA was approx i ma t e ly ten t i mes more sens i t i ve than E M  f o r  

de t ec t i ng group A r o tavi rus i n  t h e  serially d i lu t ed samples . 

I n  summary , t h e  three tes t s  used for  the detec t i o n  o f  g r ou p  A 

r o t av i rus have bo t h  adva n t ages and d i sadvan tages . The ELISA k i t i s  

h ighly sens i t i ve and spec i f i c  bu t i s  l i mi t ed t o  detec t i on o f  g r ou p  A 

r o t av i rus only . The EM has t h e  advan tage over ELI SA o f  de t e c t i ng the 

p resence of bo t h  g roup A and non-group A r o t a v i ruses , bu t i t  c a n  no t 

d i s t i ngu i s h  one f r om ano t he r .  PAGE i s  the only one o f  the t h r e e  t e s t s  

wh i ch can d i s t i ngu i sh grou p A f rom non-group A rotavi ruses , b u t i t s 

s en s i t i v i t y  i s  rela t i vely l ow . In  this  s t udy the s ens i t i v i t y  o f  PAGE 

was found to be 80 . 8% for d e t e c t i ng group A r o t av i rus . I t  was t h e r e fore  

dec i ded t o  use  

i nves t i ga t ion o f  

the ELI SA k i t throughou t 

t he e p i d e m i o logy o f  group 

the p roj e c t  f o r  the  

A ro t av i ral i n f ec t i on in  

p i gs ; EM  was used to  ve r i fy the presence o f  r b t av i rus i n  s ome e q u i vocal 

samples and PAGE to de tec t var i a t ions between group A r o tav i ruse s , and 

to d i s t i ngui sh group A f r om non-group A ro tavi ruses . 

2 . 2 . 5  Conclus i ons 

1 .  The ELISA ki t f rom Dako pa t t s  developed o r inginally for t he d e t e c t i o n  

o f  human group A r o t av i rus was f ound to be very sens i t i ve and s pe c i f i c  

i n  d e t e c t ing porcine  group A r o t avi rus . When compared wi th EM , i t  has a 

sens i t i v i ty o f  100% and a s peci f i ci ty o f  96 . 7% i n  d e t e c t i ng g r ou p  A 

ro t av i rus . 
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2 .  T h e  PAGE t echn ique has a sens i t i vi ty o f  80 . 8% and a s pec i f i c i ty o f  

100% i n  d e t e c t i on o f  group A ro tavi rus . Th i s  t echni que has the 

advan t ages over EM and the ELI SA t es t  o f  d e t e c t i ng var i a t i ons i n  RNA 

p a t terns o f  ro tav i rus · and d i s t i ngu i shing group A f rom non-group A 

ro t av i rus e s . 

3 �  Yhen s e r i al ly d i l u t ed samples we re exami ned by these  t h ree tes t s ,  i t  

was found tha t the ELISA tes t was approxi ma t e ly ten t i me s  mo re sens i t i ve 

t han EM , wh i ch is i n  turn approx i ma t ely ten t i mes mo r e  sens i t i ve t han 

PAGE . 

4 .  The E L I SA tes t from the Dakopa t t s i s  a valuable tool  i n  

i nves t i ga t i on o f  t h e  e p i d em i o l ogy o f  group A ro tavi ral i n f ec t i on i n  bo t h  

m a n  and an i mals . 
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2 . 3  THE DEVELOPMENT O F  AN ELISA TEST FOR DETECTING ANT1BODIES 

AGAINST GROUP A ROTAVIRUS IN PIG SERA 

2 . 3 . 1  In t roduct ion 

A var i e ty of s e r o l ogi cal tes ts  have been developed f o r  meas u r emen t 

o f  an t i bod i es agai n s t group A r o t a v i rus in human and o t her  animal 

s pe c i es . These i n c l ud e  complemen t f i x a t i on ( CF )  (Blacklow et  al . 1 9 7 6 , 

Kap i ki an e t  al . 19 7 5 ) , i nd i rec t i mmun o fluorescence ( I F )  ( Blacklow e t  

al . 197 6 , Bryden e t  al . 197 7 ) , coun t er-immunoelec t r oosmophores i s  

( ClEO P )  ( B ryden e t  a 1 . 197 7 , Li nhares e t  a1 . 1981 ) , i mmunoadhes i o n  

haemagglu t i nat i on ( IAHA ) (Kap i k i an e t  a l . 1983) , serum neu t ral i za t i on 

us i ng e i ther p laque r educ t i on ( PRN ) ( Ma t suno et  a l . 1 9 7 7 ) o r  

f luorescen t focus redu c t i on ( FFN ) assays ( Chiba et  al . 198 6 ) , i mmune 

e l e c t ron m i c rosco py ( IE M ) , rad i o - i mmunoas say ( RIA) (Ya t anabe and Holmes 

19 7 7 )  and ELI SA ( Co r t h i e r  and F ranz 198 1 , Ghose et  al . 1 9 7 8 , Hess and 

Bachmann 1981 , Yol ken et al . 1 9 7 8 b ) . Following the success ful  

cul t i va t i on o f  human and some ani mal ro t av i ruses ( Sa t o  et  al . 198 1 , 

Urasawa e t  al . 198 1 ) , ELISA has beco me the mos t widely used t es t among 

these an t i body as s ay sys t ems . Compared wi th o ther an t i body assays , the  

ELISA tes t i s  eas i e r  t o  perform , mo r e  sens i t ive and mo r e  economi cal 

( B i shop et a1 . 1 984 , Ghose et a 1 .  1978 ) .  In t h i s  s e c t i on the 

develo pmen t and s t andar d i zat ion of an ELI SA tes t for the measureme n t  o f  

an t i bo d i es t o  group A ro tav i rus i n  p i g  s e ra i s  descr i bed . 

2 . 3 . 2  Ha t e r i als and me thods 

Prepara t i on o f  an t igen : The v i rus used as the ELI SA an t i gen in t h i s  

s t udy i s  s t rain SY20 / 2 1  o f  porc i ne r o tav i rus (Yoode e t  al . 1 9 7 6 a )  wh i ch 

was p ropaga ted i n  MA- 104 ce lls as descri bed i n  2 . 1 . 5 .  The an t i gen was 

pur i f i ed as fol lows : The cul t ures were f rozen and thawed t h ree t i mes t o  

release a l l  cell associa ted v i rus . Equal volumes o f  i n fec t ed and 

un i n f ec t ed cells were t hen t reated by the polyethylene glyco l ( PEG ) 

p rec i p i t a t i on me thod . Bas i cally , 500 ml of each ma t e r i a l  f rom i n fe c t ed 

and unin fec t ed ce l l  cul tures were adj us ted t o  1 . 0  M NaCl and 8 %  ( w / v )  

PEG ( o f ave rage mo l ecular we igh t  6000-7500 ) . The p re para t i on s  were 

s t i r red for 2 hours a t  4° C ,  then l e f t  to stand ove rnigh t . The 

p rec i p i tate  tha t f o rmed was recove r ed by cen t r i fuga t i on in a Sorvall GSA 

r o t o r  a t  8000 rpm ( 10 , 000 g )  for 30 min  and resuspended i n  30 ml o f  O . lH 

T r i s  buf fer . The resus pended v i rus was m i xed wi th an equal vo l ume o f  
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chloroform and then cen t r i fuged for  30 m i n  a t  1000 g .  The aqueous  p hase 

was removed and the chloroform  phase was further  ex t racted w i t h  0 . 1 H 

T r i s  buf fer and cen t r i fuged as  above . The two aqueous phas e s  were 

comb i ned and pelle  t ed thro ugh a 45% sucrose cushion a t  100 , 000 g f o r  90 

m i n . The pelle t was suspended in 10 ml o f  0 . 001 M Tris b u f f e r  and used 

as the ELI SA an t i gen . 

ELISA p rocedures : The p rocedure for t h i s  i nd i rec t ELI SA was based 

on that o f  Engval l and Per lmann ( 1 9 7 1 )  as mod i f i ed by Vo l l e r  e t  al . 

( 1 9 7 9 ) . Tes ts we r e  per fo rmed i n  96 we ll Nunc polys tyrene m i c r o p l a t es . 

The detai led p rocedures we r e  as follows : 100 III o f  an t i ge n  o r  

con t ro l  an t i gen d i l u ted i n  O . OSH carbonate-bi carbona t e  bu f f e r  ( pH 9 . 6 ) 

we r e  added t o  appro p r i a t e  we l ls i n  Nunc p l a t es . These p la t e s  were 

i n cuba t ed at  37 ° C f o r  3 h and washed six t i mes wi th PB S-Tween u s i ng the 

H i n iwash As p i ra t o r . Each we l l  was then f i l led w i th 1 00 III 

PBS-Tween- 1%BSA and i ncuba ted  a t  37 ° C for  30 min . A f t e r  emp t y i ng the  

wells , 100 . II I  of  each s e rum samp le , appropriately d i l u t ed in  

PBS-Tween- 1 %BSA , was added and t he pla te  was i ncubated ove rnigh t at  4 ° C .  

The p l a t e s  were washed ten  t i mes as above . The enzyme l a b e l l ed 

an t iglobul i n  conj uga t e ,  d i lu t ed i n  PBS-Tween- 1%BSA , was added t o  all  

wells  and the  p l a t es i ncuba t e d  at 3 7 ° C for  2 . 5  h before be i ng e m p t i ed 

and washed as above . Subs t ra t e  solu t i on ( 100 III per  wel l )  was added  and 

the p l a t e  was i ncuba t ed i n  t he d a rk for 30 m i n  at room tempera t u r e . The 

subs t ra t e  used was 0 . 04% wlv OPD and 0 . 0 1 2% H 2 02 i n  phospha t e- c i t ra t e  

bu f fe r  ( pH 5 . 0 )  p r e pared i mmed i a t e ly be fore use . A f t e r  t h e  reac t i o n  was 

s t o pped w i th 1 M H 2 S0 4 , the absorbence value of each wel l  was meas u red 

at a wavel eng th o f  490 nm us i ng the SLT- 2 10 au toma t i c  mul t i - p la t e  

pho tome ter . Two w e l l s  tha t h a d  been i ncuba t ed wi t hou t an t igen , s e ru m  o r  

conj uga t e  b u t  con t a i n i ng subs t rate we re i n c luded in each p l a t e  as 

b l anks . 

S t andardi z a t i on o f  ELI SA :  Cheque r-board t i t ra t i ons were p e r f o rmed 

to d e t e rm i ne the o p t i mu� concen t ra t i ons of an t igen , serum and c onj uga te 

f o r  r ou t i ne use .  

F o r  the d e t e r m i na t i on o f  o p t i mum an t i gen concen t ra t i on ,  b o t h  v i raJ 

and con t ro l  an t i gens ( a t  d i lu t i ons f rom 1 / 50 t o  1 / 800 ) wer e  t i t ra t e c  

aga i n s t a pos i t i ve and a nega t i ve refe rence s e rum ( bo t h  at  d i lu t i on� 

f rom 1 / 100 to 1 / 6400 ) . Bo t h  sera had been t i t ra t ed i n  a s e rur 

neu tral i z a t i on ( SN )  tes t and the pos i t i ve se rum had a SN an t i body t i t re 

o f  1 : 6 4 agains t SW20/ 2 1 .  The conj uga te ( s ee below )  was d i l u t ed t l  
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1 / 1000 . " No an t igen"  and "no serum" con t r6 l s  were i ncluded o n  each 

p la t e . 

Th� o p t imal d i lu t i on o f  an t i gen was t h en used for the d e t e r m i na t i on 

o f  o p t i mal d i lu t i ons o f  s erum and conj uga t e . The conj uga te used i n  t h i s  

s t udy was sheep an t i - p i g  IgG , IgH , IgA ( wh o l e  molecu les ) conj uga ted  w i t h  

h o rse-rad i sh perox i dase ( E i vai  B i os Labo ra t o r i es ) .  Four d i lu t i ons o f  

c onj uga t e  ( 1 / 500 , 1 1 1 000 , 1 / 2000 and 1 / 4000) and eight doubl i ng 

d i lu t i ons o f  serum f r o m  1 /50 to  1 / 6400 we r e  t i t ra t ed agai ns t v i ral and 

con t ro l  an t igens . Bo th  serum and conj uga t e  were d i l u t ed i n  

PBS-Tween- 1%BSA .  Con t ro l  we lls o f  " n o  s erum " incuba ted  w i t h  

PBS-Tween- 1%BSA only d u r ing the serum i n c u ba t i on s t ep were i ncluded f o r  

each conj uga te d i lu t i on agains t v i ral and con t ro l  an t igens . 

T i t ra t i on o f  t e s t  s era : Twen ty four s e lec t ed s e ra ,  used i n  these  

t i t ra t i ons , were c o l l e c ted f rom pigle t s  and  sows f rom t he p igge ry 

d e s c r i bed i n  sec t i on 2 . 1 . 1 .  These sera were  assayed for  r o t av i ral  

neu t ral i z i ng an t i bod i es in HA- 104 cells  a s  descri bed i n  sec t i o n  2 . 1 . 7 .  

Each o f  t hese sera , i n  e i gh t doubl ing d i lu t i ons from 1/50 t o  1 / 6 400 , was 

t i t ra t ed agai ns t t h e  o p t imum d i lu t i on o f  a v i ral  an t igen and aga i ns t a 

con t rol  i n  the ELI SA t es t .  I n  each assay , a pos i t i ve serum was i ncluded 

as  a con t rol . 

2 . 3 . 3  Resul t s  

S t andard i za t i on o f  t h e  ELISA tes t :  A f t e r  t i t ra t ion o f  v i ral and 

con t rol  an t i gens at d i f ferent d i lu t i ons aga i n s t se rum and conj uga te ,  i t  

was found that the  n ega t i ve se rum from t h e  SN tes t had high o p t i ca l  

dens i ty ( OD )  values a t  lowe r d i lu t i ons o f  v i ral an t i gen and s e ru m .  O D  

values f rom the con t ro l  an t i gen were v e r y  l ow a t  a l l  d i lut i ons o f  se rum . 

I t  was therefore d e c i ded that  a d i lu t i on o f  v i ral an t i gen wh i ch p roduced 

an OD value over 1 . 000 wi th the pos i t ive s e rum d i l u ted 1 / 100 would be 

used r ou t i nely . In this s t udy a 1 / 200 d i lu t i on of v i ral an t i gen 

s a t i s f i ed this requi remen t , an& the same d i lu t i on o f  the con t ro l  an t igen 

was also used . 

E ight two- fold  d i lu t ions o f  the pos i t i ve serum , s t ar t i ng a t  1 /50 , 

we r e  t i t ra t ed w i t h  t h e  o p t i mum d i lu t i o n  o f  v i ra l  and con t r o l  an t i gens 

( 1 / 200) , and the conj ugate  at a d i lu t i on o f  1 1 1000 . The lowes t d i lu t i on 

o f  s e rum gave an OD value w i thin  the range o f  the ELI SA reader ( i e  

0 - 2 . 000 ) and the h i ghes t d i lu t i on produced an ESA value less than 0 . 1 .  

The t i t ra t i on o f  t h e  t e s t  s e ra ( see below ) demons t ra t ed tha t mos t s e r a  
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t e s t ed were t i tra table w i thin  t h i s  d ilu t i on sys tem .  Those s e r a  wh i ch 

s t i l l  y i elded ESA values above 0 . 100 at  a d i lu t i on o f  1 / 6400 we r e  

f u r t h e r  d i luted and re tes ted . Non-spec i f i c  reac t i ons be tween v i ra l  

an t i gens and the conj uga t e  and between con t rol an t i gens and se rum we r e  

m i n i ma l  ( 00 values < 0 . 050) . 

There fore , v i ral and con t rol an t igens a t  1 / 200 , conj uga t e  a t  1 / 1 000 

and doub l i ng d i lu t i ons of serum f rom 1 / 50 t o  1 / 6400 were chosen for  t h e  

t i t ra t i o n  of tes t s e ra . 

T i t ra t ion o f  t e s t s e ra : Each o f  the 24  tes t sera , a t  dou b l i ng 

d i lu t i ons from 1 / 50 t o  1 / 6400 , was t i t ra ted agains t the v i ra l  and 

con t ro l  an t i gens . 

The endpo i n t  t i t res were used to express the resul t s  o f  the E LI SA 

t e s t i n  this s t udy . For the d e t e rmina t i on o f  an t i ro tav i ral an t i b ody 

t i t re s  in indivi dual sera , an ELISA s pec i f i c  absorbence ( ESA ) value was 

calcula ted by sub t rac t i ng the absorbence of the con t ro l  an t igen w e l l  

f rom t h a t  o f  t h e  t es t  an t i gen well . The ESA values a t  d i f fe ren t 

d i lu t i ons of sera were then plot ted aga i ns t  the reci p rocal o f  t h e  

d i l u t i ons . T i t ra t i on curves of  e igh t ou t o f  the 2 4  sera a r e  shown i n  

F i g .  2 - 1 . These curves flat tened towards the h i ghes t d i lu t i ons o f  

s e rum , especially when the ESA value reached 0 . 1 00 o r  less . Thus a n  ESA 

value o f  0 . 100 was sele c t ed as the pos i t i ve-nega t ive cut-off  po i n t . The 
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Fig. 2-1. T i t ra t i on curves of  e i gh t  tes t seru. samples . 
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h i g h e s t  d i l u t i o n  o f  a s e rum s a m p l e  g i v i ng a n  E S A  v a l u e  o f  0 . 1 0 0  o r  

g r e a t e r  w a �  r e c o r d e d  a s  t h e  ELI SA a n t i b o d y  t i t r e f o r  t h a t  s am pl e . A 

s e r um s a m p l e  w i t h  a n  E SA v a l u e  l ess t ha n  0 . 1 00 a t  a d i lu t i o n o f  1 / 5 0  w a s  

con s i d e re d  n e g a t i ve , " a n d  t h e  l owe s t ELI SA t i t r e poss i bl e  b e c a m e  1 / 5 0 . 

C o n t r o l  a n t i gen a b s o r b e n c e s  w e r e  a l wa y s  low a n d  n e v e r  ex c e e d e d  0 . 1 0 0 . 

A l l  t h e s e  s e r a  w e r e  a l s o  a s s ay e d  f o r  SN a n t i bo d i es t o  r o t av i r u s i n  

MA- I 0 4  c e l l s . T h e  SN t i t r e s  a n d  t h e  ELI SA t i t res o f  t he s e  2 4  s e r a a r e  

summa r i z e d  i n  t ab l e  2 - 3 . 

Table 2-3 . Re c i procal  an t i b ody t i t r e s  aga i lls t g r ou p A ro taviI"us 

S e rum No . SN ?LI SA 

1 1 2 8  1 2 8 00 

2 3 2  6 4 00 

3 8 3 2 00 

4 4 1 6 00 

5 4 8 00 

6 4 00 

7 4 0 0  

8 2 0 0  

9 3 2  3 2 00 

1 0  8 1 600 

1 1  4 800 

1 2  800 

1 3  3 2  1 2 800 

1 4  1 6  6 4 0 0  

1 5  8 3 2 00 

1 6  8 1 60 0  

1 7  3 2  3 2 00 

1 8  3 2  3 2 00 

1 9  3 2  3 2 00 

20 3 2  3 2 00 

2 1  3 2  6 4 00 

2 2  3 2  6 4 00 

2 3  1 6  3 2 00 

24 1 6  3 2 00 

An t i body w a s  no t d e t e c t ed . 
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Among the 24 s e ra , 20 we re pos i t i ve in  b o t h  the SN and ELISA t e s t s  

wi th  ELI SA t i t res b e t ween 1 / 800 and. 1 / 1 2 8 00 . Four samples wh i c h w e r e  

nega t i ve in  t h e  S N  tes t gav e pos i t ive resul t s  i n  t h e  ELI SA tes t w i t h  

t i t res be tween 1 / 2 00 and 1 / 800 . The an t i b ody t i t res obta ined i n  t h e  

ELI SA tes t were 100 t o  4 0 0  ( ave rage 2 20 )  t i mes greater  than t h o s e  

o b t a ined i n  t h e  SN t es t .  The correla t i on co e f f i c i en t  o f  t h e  t i t re s  

o b t a ined from t h e  t wo t e s t s  was 0 . 8 2 .  

The posi t ive s e rum samp le wh i ch was i n c luded  as a con t rol  gave v e ry 

cons i s tent  resul t s  wi th t i t res of  1 / 6400 on n i n e  occas i ons and 1 / 1 2 80 0  

o n l y  once . 

2 . 3 . 4  Discuss i on 

ELISA t e s t s  have been d eve loped f o r  d e t e c t i ng an t i bodies  to  g r o u p  A 

r o t avi rus in s e ra o f  many s pecies  includ i ng man and p i gs ( B i shop e t  a l . 

1 984 , eo r t h i e r  and F ranz 198 1 , Ghose e t  a l . 1978 , Yolken e t  al . 

1 9 7 8 b ) . These t es t s  are usually more sens i t i ve t han o t her assay sys t ems 

such as compl emen t f i x a t i on and f luorescen t -an t i body assays . The E L I SA 

t es t  d es c r i bed in  t h i s s e c t i on for the measurement o f  an t i body aga i n s t  

group A rotav i rus i n  p i g  s e ra was also more sens i t ive than t h e  S N  t es t . 

Rotavi ruses h ave a double-shelled s t ru c t u r e , composed o f  an o u t e r  

caps id and a n  i nn e r  caps id  ( B r idger and �oode 1976 , Flewe t t  e t  al . 

1 9 7 4 a ,  b ) . Two p ro t e i ns (VP7 and VP3 ) on  the ou t e r  cap s i d  are 

respons i ble for neu t ral i za t i on spec i f i c i t y  of ro tav i rus ( G reenb e r g  e t  

a l . 1 98 3a , c ,  Kal i ca e t  a l . 1 98 1 b ,  O f f i t  and Bl ava t 1 986 ) . The SN 

t es t , there fore , d e t e c t s  only an t i bod i es s pe c i f i c  to these v i ral 

p ro t e i n s . The ELI SA t es t  may d e t e ct no t only  the neu t ral i z i ng an t i body , 

b u t  also an t i bod i e s  i ndu ced by o t her v i ral componen ts  such as p r o t e ins  

located on the i nner  caps i d . The inc reased sens i t i v i ty o f  ELISA ove r SN 

i n  t h i s  s t udy may , there fore , be due to  t he w i d e r  range o f  an t i bod i es 

d e t ec t ed . Samples f rom four  an imals wi th  unde t e c table SN an t i bod i e s  y e t  

posses s i ng ELI SA an t i bod i e s  may ind i ca t e  t h a t  small amoun t o f  

an t i bod i es , i ns u f f i c i e n t  to  neu t ral i z e  v i rus , may s t i l l  b e  de tec t e d  by 

E LI SA . 

The se t t ing o f  the " cu t -off  po i n t "  be tween pos i t i ve and nega t i v e  i s  

a c rucial  element i n  every assay for speci f i c  an t i body ac t i v i ty . I n  the 

ELI SA sys tem , i t  is u s ua l  to  set  the min imum pos i t ive response val u e  at 

t wo o r  three t i mes the mean of  the n ega t i ve group , o r  at the mean 

n egat i v e  va lue plus two ( o r  three ) SD of t h e  mean i f  more refe rence s e ra 
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are tes t e d . However , a more s t a t i s t i cally val id  me thod i s  to  d e t e rm i ne 

the upper  l i m i t of  no r mal by s e t t ing t h i s  at the 9 7 . 5 th  or  1 0 0 t h  

percen t i l e ( Sav igny and Volle r ,  1 98 0 ) . A l l  these me thods r e qu i re a 

number o f  known nega t i ve s e ra .  Unfor tuna t ely , mos t p i gs become i n f e c t e d  

w i th r o t av i rus early in  th e i r  l i f e and pos sess  s ome l e v e l s  o f  an t i body . 

Even t hose  wi thou t SN an t i body may have ELISA an t i body a t  a d e t e c t a b l e  

l eve l .  Four such sera , wi thou t de tec table S N  an t i body ,  gave p o s i t i ve 

resul t s  i n  the  ELISA tes t .  Thus in  this  s t udy , the s e t t i ng o f  ESA a t  

0 . 1  as the pos i t i ve-nega t i ve c u t - o f f  po i n t  was based o n  the t i t ra t i o n  

curves o f  those 24 t e s t s e ra s i nce t h e  t i t ra t i on cu rves  f r om mos t s e r a  

became f l a t t e r  when thei r ESA values reached 0 . 1 or below .  Fu r t h e r m o r e , 

non-s p e c i f i c  reac t i ons be tween s e rum and con t ro l  an t i gen never e x c e e d e d  

an OD · value of  0 . 100 .  Th i s  c u t - o f f  po i n t  has nevert heless  been us e d  by 

many au thors for d e t e c t i on of both ro tav i ral an t igen and an t i body 

( Bi shop  et  al . 1984 , Grauballe  e t  al . 198 1 ) . 

I t  was �eci d ed t o  use the ELISA tes t des c r i bed i n  t h i s  sec t i on f o r  

t he d e t e c t i on o f  ro t avi ral an t i bod ies i n  sera and faeces o f  p i g s  f o r  t h e  

s tu d i e s  descr ibed i n  cha p t e r  four . 

2 . 3 . 5 Conclus i on s  

1 .  T h e  ELI SA t es t d eveloped i n  t h i s  s t udy i s  more sens i t i ve t han SN i n  

d e t ec t i ng an t i ro t avi ral an t i bod i es 

d e t ec t able  SN an t i bod i e s  a l l  had 

unde t e c table SN an t i body also 

in  p ig 

ELI SA 

had some 

s e rum . Tho s e  sampl e s  w i t h  

an t i bod i e s . Sampl e s  w i t h  

l evels o f  an t i ro t av i ra l  

an t i bod i es de t e c t ed b y  t h e  ELISA . The i ncreased sens i t i v i t y  o f  t h e  

ELI SA t es t  over S N  i s  d u e  a t  leas t in  pa r t  to  the  fac t t ha t  ELISA 

d e t ec t s  a wider  range o f  an t i bod i es than SN . 

2 .  Compa r i ng the t i tres  of  24  p i g  sera as d e t e c ted by the  SN t e s t and 

the E L I SA tes t r eveal ed a correla t i on coe f f i c i en t of 0 . 82 be tween the  

two  t es t s .  

3 .  The resul ts o f  the ELI SA tes t are reproduc i b le . 

4 .  The procedures used in t h i s  s t udy , including PEG prec i p i t a t i on , 

ch loro form treatment and u l t racen tri fuga t i on ,  appeared to be e f f i c i en t 

for the pur i f i ca t i on and concen t ra t ion o f  rotav i rus f rom cell cul t ures , 

and y i e lded a s u i table . an t i gen prepara t i on for the ELI SA tes t .  
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5 .  The E LI SA tes t has po ten t ial  use for  s e ro-ep i d em i ol o g i cal 

i nves tiga t i on o f  r o tavi ral i n f ec t i on in p i gs . 
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Cha p t e r  Three 

EPIDEHIOLOGY OF PORCINE GROUP A ROTAVIRAL INFECTION 

3 . 1  INTRODUCTION 

S i nce the de tect i on o f  g roup A r o tav i rus i n  p i g  faeces i n  1 9 7 5  

( Rodge r e t  al . 1975a ) , i n fec t i on b y  t h i s  v i rus has been found t o  b e  

widesp read i n  p ig breed i ng he rds , i n c l ud i ng New Zealand ( As kaa e t  a l . 

1 98 3 , Debouck and Pensae r t  198 3 , Durham e t  a l . 1 9 7 9 , Svensmark 1 9 8 3 , 

U t rera e t  a l . 1984 ) . Two common syndromes i n  p i gs have been asso c i a t ed 

w i t h  i n fe c t i on wi th group A r o tav i rus . F i rs t , there i s  t he syn d r o me 

r e f e r red t o  as m i lk scours , wh i t e s cours o r  3-week-old scours i n  young 

s ucking p iglets  ( Bohl 1 9 7 9 , Bohl et al . 1 9 7 8 , Mouwen 1 9 7 1 ) . Second l y , 

there i s  t he synd rome charac t e r i zed by pos t wean i ng d i a r rhoea ( P�D) i n  

newly weane d  p igs ( Barrow e t  al . 1 9 7 9 , Lecce and King 1 9 7 8 , T z i p o r i  e t  

al . 1 980a ) . 

Shedd i ng o f  group A r o t av i rus i s  common i n  sucking and weane r  

p i gle t s  f rom two t o  s i x weeks o f  age , wh i ch c o i nc i des i n  t i me wi t h  the  

two  d i arrhoeal syndromes obse rved i n  p igs ( As kaa et  al . 1 9 8 3 , Debouck 

and Pensae r t  1983 , U t r e ra et al . 1 984 ) . Shed d i ng of r o tavi rus is a 

rare o ccurence in  p igle t s  less t han 10 days o f  age . Shed d i ng o f  

r o tav i rus by fat tene r p igs ( over two m o n t h s  o f  age ) has been 

demons t rated  after both exper i men tal i n fec t i on ( Be rnard et  al . 1 9 8 4 ) 

and under natural cond i t i ons (Grom e t  al . 1984 ) . Repo r t s  o n  the  

shedd i ng of  ro tavi rus by  s ows have been i ncons i s t en t ; Debouck and 

Pensaer t  ( 1 983)  found that faeces f rom sows we re always f r e e  o f  

r o tavi ral ant igen , wh i le Ben f i eld e t  a l . ( 1 9 8 2 )  d e tected r o tavi rus i n  

s ows b o t h  be fore and a f t e r  farrowing . 

The de tec t ion o f  ro t av i rus i n  s ows b e f o re and a f t e r  far r ow i ng 

( Ben f i eld e t  al . 198 2 )  i nd i ca t es that adu l t  p i gs , wi th h i gh levels o f  

an t i ro tav i ral an t i body , can shed the v i rus i n  t he i r  faeces a t  a t i me 

when p i gle t s  . a re par t i cularly susce p t i ble to i n fe c t i o n .  Th i s  led  t he 

au thors  t o  conc lude that adu l t  p igs are o f  p r i mary i mp o r tanc� i n  

i n i t i a t i ng i n fect ion i n  p i g le t s .  Rotav i ru s  has also been d e tec ted  i n  

g i l t s and s ows wi th d i a r rhoea ( eo r t h i e r  e t  a l . 1 980 , McNul ty e t  a l . 

1 9 7 6c ) . A f t e r  observ i ng a s t eady bui ld u p  o f  rotav i ral i n fe c t i o n  i n  

p igle t s  weaned i n  a fumiga t ed nu rsery , Lecce e t  a l . ( 1978 ) hyp o t he s i ze d  

t h a t  t h e r e  was a pos t par tum t ransmi s s i on o f  a s m a l l  amount o f  v i rus f rom 
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the dam t o  the young , wh i ch caused an asymp t oma t i c  i n fec t i on due t o  t he 

pass i ve i mmun i ty conferred by colos t rum . I f  these p i gle t s  were weaned 

at one day of age to a nurs e ry , the i r  i mmun i t y  would wane rap i d l y  and 

t hey would become capable of amp l i fy i ng t he i n fec t i on . T h i s ,  i n  turn , 

would lead t o  i n fe c t i ons o f  inc reas ing seve r i ty wh i ch would s p read from 

young t o  young when newly weaned pigl e t s  we re con t i nually added t o  the 

nursery i f  i t  was n o t  subj e c t e d  to fur t he r  fumigat i on . 

Group A ro tavi rus has been detec t ed i n  d r i nki ng wa t e r  ( Ge r ba e t  al . 

1 984 , Sm i th and Gerba 1 98 2 )  and domes t i c  s ewage ( Hej kal e t  a l . 1 984 , 

S t e i nmann 1 9 8 1 ) .  �a terborne out breaks o f  gas t roen t er i t i s  i n  man 

assoc i a t ed w i th group  A rotavi rus have also been repo r t ed ( Fr e i j  e t  al . 

1 9 7 8 , Morens e t  a l . 197 9 ,  Lycke e t  al . 1 9 7 8 ) . Fur the rmor e  human 

r o t av i rus has been recovered f rom env i ronmen tal sur faces o f  day care 

cen t res ( Keswi ck e t  a l .  1 983 ) . All these observat i ons i nd i ca t e  that 

ro tavi rus i n  the  envi ronme n t  may also be an impor tan t s ou r ce of 

i nf ec t i on f o r  suscep t i ble i nd i vi duals . �oode and B r i dger ( 1 975 ) 

r e po r t ed tha t bov i ne ro tav i rus could survive i n  the labo ra t o ry a t  an 

average tempe r a t u r e  of 20° C for seven mon ths . Thi s  also s ugges t s  tha t 

ro tavi rus shed by an i mals could survive for  a long t i me i n  the 

envi ronment and then be t ransmi t ted t o  o t her animals . 

The s t ud i es d es c r i bed i n  this  chap t e r  were car r i ed o u t  t o  

i nves t iga te t he s hedd i ng pa t t ern o f  group A rotav i rus i n  p i gs under 

natural cond i t i ons f rom b i r t h  to the age of s l augh t e r . The p a t t e rn o f  

t ransmiss ion o f  t he v i rus f rom sows t o  p i gle t s , from p i gle t s  t o  p i gle ts , 

and f rom the env i ronmen t t o  p igle ts was also s tud i ed .  
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3 . 2  PATTERNS O F  SHEDDING OF GROUP A ROTAVIRUS I N  NATURALLY INFECTED PIGS 

3 . 2 . 1  I n t roduc t i on 

Seve ral s t ud i e s  on the shedding pa t t ern of group A ro t a v i rus i n  

p i gle t s  have been conduc t e d  ( s ee above ) .  However , the u s e f u l n e s s  o f  the  

i n fo r ma t i on obtained i s  l i m i ted  because only pooled faeces f rom l i t t � r s , 

r a t h e r  than faeces f rom i nd iv idual pigs , were exami ned . Fu r t he rmo r e , 

s amp l i ng was only ca r r i ed ou t on a weekly bas i s  (Askaa e t  a l . 

Debouck and Pensae r t  1 9 8 3 ) . 

1 98 3 , 

The pu rpose o f  the p r e s e n t  s t udy was t o  obt ain i n forma t i o n  on  t h e  

p r eva l ence o f  group A r o tavi ral i n fe c t ion in  pigs at Mas sey P i ggery by 

m eans of  a c ross -sec t i onal su rvey , and then to observe the dai l y  pa t t e r n  

o f  shedd ing in  i nd i v i dual p i g l e t s  by sampl i ng a coho r t  o f  p i gl e t s f rom 

b i r t h  t o  the t i me o f  s l augh t e r . 

3 . 2 . 2  Ma terial s  and methods 

An i mals and sampling procedures : For the cross-sec t i onal s u rvey , 

faecal s amples were col l e c t ed from all p igs i n  the p i ggery on one day 

and t aken d i rec t ly t o  the labo r a t ory for process ing.  

In the coho r t  s t udy , four p regnan t sows ( two gi l t s and two 

mu l t i parous sows ) were i n t roduced to  the farrow ing uni t a t  one  week 

p r i o r  to the proj e c t ed da t e  of farrow i ng .  These four sows were k ep t  i n  

o n e  s i ng l e  farrow i ng room a s  shown i n  F i g .  3-1 . Sows No . 1 and 3 were 

mu l t i parous sows and sows No . 2 and 4 were g i l t s . Sow . No . 1  f arrowed 

f i rs t  and was f o l l owed by s ows No . 2 and 3 the nex t day . Sow No . 4 

f a r rowed three days la t e r . A f ter farrowing ,  four p i gl e t s  f rom each 

l i t t e r  were selec ted at random to form a cohor t .  Eigh t  of t he s e  1 6  

p i gle t s  comp r i s ing two f rom each l i t t er  were weaned a t  2 4  days o f  age , 

and the  res t were l e f t on two sows . Four pigl e t s  from each o f  the 

weaned and unweaned groups were then k i l led at 32 days of age and the 

rema i n i ng unweane d  p i gle t s  were weaned at five weeks of age . At 

wean i ng , p i gle t s  were t rans fer red to a con t rol led tempe r a tu r e  h o u s e  and 

fed  a commercial weaner d i e t  ad l i bi tum . The pi gle ts were wei ghed a t  

two , three , four and s i x  weeks o f  age . 
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F i g .  3-1 . The s chema t i c  plan of the farrov i ng un i t  and the pos i t i on o f  

. the four sows ( 1 ,  2 ,  3 ,  and 4 ) . A ,  B ,  C ,  and D are t he four 

farroving rooms in the uni t .  Piglets f ro. o ther rooms ( B ,  C 

and D) vere not included i n  t h i s  s tudy . 

Faeces f rom sows were collec ted da i ly f rom one week before 

far row i ng unt i l  a f t e r  the piglets  were weaned . A f t e r  b i r t h ,  faeces or 

faecal swabs we re taken f rom the sele c t ed p i gle ts every day u p  to t wo 

mon ths of  age . Thereafter , faeces were collected onc e  a week un t i l  

t hese an i mals were s laugh tered a t  20 to 2 2  weeks o f  age . Faeces as veIl 

as  i leal con t en t s  we re taken from p i gle t s  ki lled a t  32 days o f  age and 

f rom the o ther pigl e t s  wh ich were slaugh tered la ter . All s amples were 

s t ored a t  -70° C un t i l  processed . 

De t ec t ion o f  group. A rotavi rus : Faecal samples and i n tes t i na l  

con t en t s  collec t ed were processed and exami ned f o r  group A r o t a v i rus 

u s i ng the Dakopa t t s ELISA ki t ( s e c t i on 2 . 2 . 2 ) . 

. De tec t i on o f  haemoly t i c Es che ri ch ia coli (E. coli ) : Diar rhoe i c  

faeces from suck i ng pigs and all  faecal samples from p i g s  f rom t h e  day 

of wean ing to 1 5  days a f ter wean i ng we re exami ned for the shed d i n g  o f  

haemoly t i c  E . col i . Fresh faeces were plated ou t on to s pl i t  nu t r i e n t  

a�ar olates con t a inin� 5 %  sheep red blood cells in  the upper laye r , and 
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were i ncuba ted aerobi cal ly ove rnigh t  a t  37 ° C .  The approx i ma t e  

propo r t i on o f  �haemo ly t i c  co l i form colon i es among the aer o b i c  f l o ra was 

es t i ma t ed . The resu l t s  were recorded as + « 25%) , ++ ( 26-50% ) , + + +  

( 5 1 - 7 5% ) ,  + + + +  ( 7 6-95%)  and  V ( pure grow t h ) .  

3 . 2 . 3  Results  

Cro ss-sec t ional survey : Resul ts  f rom t he c ross-sec t i onal s ur vey are  

summa r i z ed in  table 3 - 1 . For ty seven ( 9% )  o f  5 2 1  an i mals samp led were  

shedd i ng r o tavi rus a t  t he t i me o f  sam p l i ng .  Ro t av i ral i n f e c t i o n  was 

d e t ec t e d  only in sucking and weaner p i gle t s  w i th p reva l ence r a t e s  o f  

1 9 . 3% and 14 . 4% ,  res pec t i vely . N o  r o t a v i rus was d e t ec t ed i n  p i gs over 

two mon ths old , inc lud ing fa t t ener p i gs , s ows and boars . O f  t h e  6 2  

sows , 1 5  were wi th p igle t s , 28 were p regnan t ,  1 0  we r e  non-pregnan t g i l t s  

and 8 were "dry"  sows . 

Table 3-1 . Prevalence o f  ro t avi ral shedd i ng a t  Hassey P iggery 

as d e t e c t ed by ELI SA 

Numbe r s  tes t ed Numbe rs pos i t i ve Prevalence ( % )  

Sucke r s  1 6 1  3 1  1 9 . 3  

Yean e r s  1 1 1  1 6  1 4 . 4  

Fa t t eners 183  0 0 

Sows 6 2  0 0 

Boars 4 0 0 

To t a l  5 2 1  4 7 9 

Table 3-2 shows the age d i s t r i bu t i on o f  infec t i on i n  the group o f  

sucki ng pigle t s . The ear l i es t d e t ec t i o n  o f  i n fec t i o n  w i t h  the v i rus was 

at two weeks of age , and the p revalence r a t e  then i n c reased w i th  age t o  

reach a max imum a t  f i ve weeks o f  age , j us t  before wean i ng .  

D i a r rhoea was o bse rved i n  e i gh t ( 1 7% )  o u t  o f  the  47 p igs shedd i ng 

r o t av i rus . S i x  o f  these were sucking and two were wean e r  p igs . Two o f  



the 1 6  weane r  pi gs had d i arrhoea when shedd i ng rotavi rus , and d i ar rhoea 

wi thou t r o t avi ral shedd i ng was also obse rved in e i gh t o t her weaner p igs . 

Table 3-2 . Age d i s t ri bu t ion o f  r o t av i ral shedd ing i n  the sucking p i gle t s  

Age Numbers tes t ed Numbers pos i t i ve Prevalence ( % )  

1 s t  week 30 0 0 

2nd week 39 1 2 . 5  

3rd  week 36 3 8 . 3  

4 t h  week 26 1 0  38 . 5  

5 t h week 30 1 7  56 . 7 

Cohor t s tudy : All o f  the  1 6  p i gle t s  wh i ch were exami ned on a d a i ly 

bas i s  shed rotav i rus before 40 days o f  age ( t able 3 - 3 ) . Pigle t s  No . 

1 -4 , 5-8 , 9- 1 2 ,  1 3 - 1 6  we re w i t h  sows No . 1 ,  2 ,  3 and 4 ,  res pec t i vely . 

Apar t f rom p igle t s  in  l i t t e r  3 ( p igle t s  No . 8 - 1 2 ) , a l l  p igle t s  i n  each 

of t he o t her three l i t ters s hed r o tav i rus wi t h i n  three t o  f i ve days o f  

one ano ther . The ave rage age a t  wh i ch ro tavi rus was f i rs t  d e t e c t ed was 

19 d ay s , rang ing f rom 1 3  to  39  days . The durat i on of shed d i ng i n  

i nd i v i dual an imals var i ed be tween one and 1 2  days wi t h  a mean d u ra t i o n  

o f  7 . 4  days . I n  f i ve o f  t he p i gle t s , ro tavi rus could b e  de t ec t e d  

i n t e rm i t t en t ly a t  i n t e rvals o f  between one and 1 1  days . The t o tal  

dura t i on o f  shed d i ng i n  this  p o pulat i on was 30 days . 

I n  the sucking pe r i od ( 0  t o  2 3  days o f  age ) , 1 3  o f  the 16 p i gle t s  

became i n f e c ted w i th rotavi rus at a n  ave rage o f  1 6 . 5  days o f  age . 

Yel lowish wa tery d i ar rhoea was observed i n  1 1  o f  the 1 3  p i gle t s  e i ther  

on  the  s ame day as , or one to  three days a f ter , r o tav i ral shedd i ng 

commenced . Diar rhoea pers i s t e d  i n  these animals for one to  n i ne d ay s  

w i t h  an average o f  four days . Vomi t i ng was observed i n  two pigl e t s  bu t 

no s i gns o f  dehyd rat ion were obse rved . All  the p i gle t s  recovered 

w i thou t t re a t men t .  Haemoly t i c  E . co l i  was no t d e t e c ted i n  any o f  the 

d i a r rhoe i c  faeces colle c t ed f rom suck ing p igle t s . 



Table 3-3 . Age a t  f i rs t  detec t ion of  ro t av i rus and dura t ion 

of shedd i ng in 16 p igle t s  

P i g  No . F i r s t  De t e c t i on Dura t i on 

( age in  days )  (days )  

1 1 9  8 

2 18 7 

3 22 4 

4 1 9  3 

5 15 1 1  

6 15  1 1  

7 16 7 

8 18 5 

9 39 4 

10 16 1 

1 1  24  1 1  

1 2  2 7  4 

1 3  1 3  1 2  

1 4  1 6  1 1  

15  1 3  1 0  

1 6  1 5  9 

Mean ( SO )  1 9  ( 6 . 6 )  7 . 4  ( 3 . 5 )  

7 0  
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Among the e igh t pigle t s  weaned a t  24  days o f  age , three con t i nued 

to s hed , two re-shed and t wo s t ar ted t o  shed r o t av i rus for  the f i rs t 

t i me a f ter  wean i ng .  All t hese p igle t s  s t a r t ed t o  shed haemoly t i c  E . co l i  

f ro m  f i ve t o  e i gh t  days a f t e r  wean ing . The non-haemo ly t i c  f l o r a  we r e  

s o o n  r eplaced b y  a pure grow t h  o f  haemo ly t i c  E . co l i . The dura t i on o f  

shed d i ng of haemo ly t i c  E . c o l i  i n  surv i v i ng animals was three t o  e i gh t 

days . F i ve p i gle t s  deve l o ped wa tery d i ar rhoea s i x  t o  e igh t days a f t e r  

wean i ng ,  coinc i d i ng wi t h  t h e  shedd ing o f  haemoly t i c  E . co l i , bu t a t  t h i s  

s t age only one p i gle t was c oncurren t ly shedd i ng ro tav i rus . Th i s  

d i a rrhoea was much more severe than that  seen before wean i ng .  

Depres s i on and dehyd ra t i on was observed i n  d i a r rhoe i c  p i gl e t s  and three  

p ig l e t s  were g i ven an t i b i o t i c  therapy . Thes e animals res ponded to  t h e  

t rea t me n t ,  and d i a r rhoea ceased one t o  three days a f t e rward s . The 

r e la t i onships be t ween the shedd i ng of ro tavi rus and haemoly t i c  E . co l i  

and t he occurrence o f  d i ar rhoea i n  the  weaned p igs are summa r i zed i n  

t a b l e  3-4 . I n  the unweaned grou p , four an imals were s t i l l  s h edd i ng 

ro t av i rus a t  t h i s  t ime . 

d e t e c t e d  in these an imals . 

Ne i ther haemo ly t i c  E . co l i  nor d i arrhoea was 

�hen the e i gh t pigle t s  we re ki lled at 32 days of age , r o t av i rus was 

d e t e c t e d  in the faeces and gu t conten t of one p igl e t , and haemoly t i c  

E . c o l i  was d e t e c t ed i n  the faeces as we l l  a s  i n  the i n t e s t inal con t en t s  

o f  t hree pigle t s . O f  the  rema i n i ng four p i gle t s  weaned a t  f iv e  w eeks o f  

age , only two shed rotav i rus f o r  one and four days respec t i ve l y , and 

t h re e  s hed haemoly t i c  E . c o l i  at three to  s even days a f t e r  wean i ng w i th  a 

dura t i on of four t o  s even days . Two p i gle t s developed d i arrhoea three 

days a f ter haemoly t i c  E . c o l i  was detec ted , but  nei ther shed r o t av i ru s . 

Du r i ng the p e r i od o f  i nves tiga t i on ,  weekly we igh t ga i n  o f  

d i ar rh o e i c  p igle t s  was half  o f  that  o f  the i r  non-d i a r rhoe i c  

coun t e r par t s . I n  the t h i rd week o f  the s ucki ng 

we i g h t  gain in p i gs w i thou t d i arrhoea was 1 . 6  kg 

w i t h  0 . 9  kg ( 0 . 5 - 1 . 6  kg ) in p i g l e t s  w i t h d i ar rhoea 

per i od ,  the average 

( 1 . 2- 2 . 2  kg ) c ompa r ed 

( P  <0 . 0 1 ) . 

Dur ing the s e cond week a f t e r  wean ing , non- d i ar rhoe i c  p i gle t s  gai ned I 
a mean o f  1 . 4  kg ( 0 . 8-2 . 9  kg ) wh i le t hose w i t h  d i ar rhoea gai ned o n ly 0 . 7 I kg ( 0 . 2 - 1 . 4  kg ) ( P <0 . 05 ) . O f  the four p i gle ts weaned a t  f i ve we eks o f  

age , two wi th  d i ar rhoea gai ned only 1 . 0  kg i n  the f i r s t  week a f t e r  

wean i ng in con t ras t to  1 . 7 kg gai ned by two wi thout  d i arrhoea . 
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Table 3-4 . Rela t i onships between s hedding o �  ro tavi rus and haemoly t i c  

E . coli and the occurrence o f  d iarrhoea in weaned pigs 

De tec t i on o f  

P ig No . Ro tavi rus Haemolyt i c  E .  coli D i a r r hoea 

1 1 - 3 " 7-9  8 - 9  

2 2 - 3  8 - 1 0  
" " 

3 6 - 7  7 - 1 1  8 - 9  
-

4 7-9  8 - 9  

5 2 - 1 3  5 - 1 2  8 - 9  

6 6-9  6-9 

7 1 - 5  6 - 1 1  

8 1 - 3  6-14  6-9  

Days a f t e r  wean i ng .  
" " 

No r o t avi rus o r  d i a r rhoea was d e t e c ted . 

The d i f fe rences i n  r o tavi ral shedd i ng and developmen t o f  d i a r rhoea 

be tween p i gle t s  born of g i l t s and those of mUl t i parous s ows a r e  

summa r i z ed i n  t a b l e  3-5 . 

g i l t s  shed rotav i rus 

In t he sucking p e r i od , more p i g l e t s  

and had d i a r rhoea than d i d  t ho s e  

b o rn 

b o rn 

o f  

o f  

mUl t i pa rous sows . The former  also became infected w i t h  r o t av i rus 

ear l i e r  and shed the v i rus l onger than the lat t e r . In add i t i o n , t he two 

g i l t s were seen to  be d i r t i e r , due t o  con tami nat ion o f  faecal ma t e r i al s , 

than the mUl t i parous sows e s p e c i a l ly on the i r  abdomens and udde rs . 

Ro tav i ral an t i gen was no t d e t e c ted i n  the remaining e i gh t  p igle t s  

f rom two mon t hs o f  age t o  the t i me o f  s laugh ter  (at 2 0  t o  2 2  weeks ) .  N o  

ro tavi rus was de t e c ted i n  the i leal con t ents  o f  these p igs c o l l e c t ed a t  

s laugh t e r . 
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Table 3-5 . D i f ferences be t ween p igle ts born o f  mUl t i parous sows and 

g i l t s  in rela t ion to ro tavi ral shed d i ng and d i ar rhoea 

before weani ng 

P igl e t s  o f  

mUl t ipa rous s ows 

Ra te  of r o t av i ral shed d i ng 5/8  

Mean age a t  f i rs t  d e t e c t i on ( days ) 1 8 . 8  

Mean dura t i on o f  shed d i ng ( days ) 3 . 5  

Ra te  o f  d i a r rhoea 2 / 8  

Mean age o f  appearance o f  d i arrhoea ( days ) 1 9  

Mean dura t i o n  o f  d i ar rhoea ( days )  1 . 5  

gi l t s  

8 / 8  

1 5  

7 

8 / 8  

1 7 . 6 

4 . 6  

Based on the resul t s  o f  the ELISA tes t ,  none o f  the s ows shed group 

A r o t avi rus du r i ng t he whol e  per i od of  inves t iga t i on .  

3 . 2 . 4  Dis cuss i on 

The d u ra t i on o f  shed d i ng o f  a pat hogen i n  i n d i v i dual an imals i s  an 

i m p o r tan t  fac t o r  in b o t h  t he s peed and pa t t e rn o f  t ransm i s s i on o f  an 

i n fe c t ion w i t h i n  a popula t i on .  In o t her s t ud i es , gno t o b i o t i c  o r  

colos t rum-d e p r i ved pigle t s , experimen tally i n f ec t ed wi t h  group A 

r o t av i rus , were found t o  shed the vi rus for f i ve t o  s even days ( Cr ouch 

and �oode 1 9 7 8 , McNul ty e t  a l . 1976 c ) . I n  t he p resen t s t udy , i t  was 

f ound tha t i nd i v i dual p i gle t s  shed rotavi rus f o r  1 to 12 days a f t e r  

na t u ral i n f ec t i on ,  w i t h  a mean dura t i on o f  7 . 4  days . Th i s  appears t o  be 

the  only record ed d a t a  on  the durat i on of shedd ing o f  r o t av i rus und e r  

na t u ral cond i t i ons . 

In  b o t h  the cross-se c t i onal and coho r t  s t ud i es , r o t av i rus was 

d e t e c t ed in sucking p igle t s  w i th  the preva lence r a t es i ncreas i ng wi t h  

age d u r i ng t h i s  pe r i od . N o  r o tavi rus was d e t ec ted i n  p igle t s  less than 
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one week old . These observa t i ons on  the general pa t tern o f  r o t a v i ral 

shedd ing in p i gle t s  are i n  agreemen t wi t h  mos t other workers ( Askaa e t  

al . 1 98 3 ,  Debouck and Pensae r t  1 9 83 , U t rera e t  al . 1984 ) . In  he rds  o f  

Dani sh pigs , Svensma rk ( 1 983 ) also observed this t rend , bu t t he 

preval ence in each o f  the age groups was much higher than that obse rved 

in  this  p resen t s t udy . The au t ho r  ( Svensmark 1 983 ) also repor t ed a h i gh 

prevalence rate  ( 2 3 % )  i n  p i gs und er  one week of  age . The d i f f erences 

between h i s  s t udy and this  p resen t s t udy may have been e i ther  because 

the farming sys tem  in Denmark i s  more i n t ens i ve than in  New Zealand , or 

becaus e pooled samples from a l i t t er ra t he r  t han faeces f rom i nd i v i dual 

piglets  were used for exam i n a t i on of group A ro tavi ruses in Svensmark ' s  

s tudy , o r  bo th . 

Yeaner p i gs have also o f t en been found to shed r o t av i rus , 

par t i cularly wher e  early wean ing i s  pract i sed ( Bar row e t  a l . 1 97 9 , 

Lec ce e t  al . 1 9 8 2 ) .  In the c ross-sec t i onal s t udy , ro t av i ral an t i gen 

was detec ted in  1 4 . 4% of  weane r  p i gs ( 5-8 weeks old ) i n  the  p i ggery . 

Seven o f  the e i gh t  p i gs in  t he coho r t  s t udy wh i ch we re weaned a t  2 4  d ays 

o f  age shed r o t av i rus after  wean i ng .  

Shedd ing o f  r o t avi rus by older p i gs , especi ally b y  sows , i s  

po t en t i ally impo r t a n t  i n  t he epidemiology o f  the vi ral i n f ec t i on because 

they c ould be the  p r i ma ry source of i n f e c t i on for young s usce p t i bl e  

pigle t s . In the  p resent s t udy , a l l  p i gl e t s  ceased shedd i ng ro t av i rus 

b e fore two mon t hs of age . Ro tavi ral an t i gen was no t d e t e c t ed i n  t hese 

an i mals f rom t hen u p  to the t i me of  s l augh t e r . Fur thermore , none of the 

sows shed the v i rus during the  who le p e r i od of inves t i ga t i on . I n  a n  

e p i d emi ologi cal s t udy conduc ted by Debouck and Pensae r t  ( 1 983 ) ,  faeces 

from s ows were also always f ree o f  r o t avi ral an t igen . Howeve r ,  

ro t av i ral i n fec t i ons have been d e t e c ted i n  fat tene r p igs und e r  natural  

cond i t i ons (Grom  et  al . 1984 ) and have been  es tabl i shed i n  such an i mals 

( Be rnard e t  al . 1 98 4 )  by  expe r i mental  i noculat ion .  Rotav i rus has also  

been  recovered f rom gi l t s and sows w i t h  or  wi thou t d i ar rhoea ( Ben f i e ld 

et  al . 1982 , eo r t h i e r  e t  al . 1 980 , M cNu l t y  et  al . 1 9 7 6c ) . 

Recurre n t  shedd ing o f  ro tavi rus by l i t t ers of p igle t s  t h ree t o  f o u r  

weeks a f ter i t s  f i rs t  detec t i on h a s  been repor ted (Debouck a n d  Pensae r t , 

1 9 8 3 ) . Five p i gle t s  in the s t udy repo r t ed here also shed ro t av i rus  

i n t e r m i t ten t ly a t  i n tervals o f  one  t o  11  days du ring t he i nves t i ga t i on 

p e r i od . I t  was no t poss i b le to  d e t e rm i ne whe ther t h i s  pa t t e rn 

r e p r esen ted r e i n f e c t i on or pers i s t e n t i n fect ion a t  an unde t e c t a b l e  

level . 
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Ro tavi ral i n f e c t i on i n  p igs has been asso ciated mos t ly w i t h  a 

d i arrhoe i c  syndrome commonly known as wh i t e scours , m i lk s cours o r  

three-week- o ld s cours ( Bohl 1 9 7 9 , Boh l e t  al . 1978 , Debouck and 

Pensae r t  1 9 8 3 ) . Th i s  ass o c i a t i on was a l s o  observed i n  the p resen t 

s tudy . Among the 1 3  p i gle t s  shedding ro t av i rus in the sucking per i od , 

1 0  deve loped d i arrhoea soon a f t e r  ro t avi rus was f i rs t  detec t ed . 

Ro t av i rus has also been ass o c i a t ed wi th  PUD i n  newly weaned 

p i gle t s , especial ly in those weaned a t  an early age ( Barrow e t  a l . 

1 9 7 9 , Lecce and King 1 9 78 , T z i p o r i  e t  a l . 1 980a ) . Howeve r ,  o t her  

fac tors such as d i e ta ry change and i n fec t i on w i th pa thogenic  E . c o l i  are  

also i nv olved in this  synd rome ( Le ece e t  a l . 1 983 , Tzipori  1985 ) .  I n  

t h i s  p r esen t s tudy , PUD was also observed i n  p i gle ts  s ix t o  e i g h t  days 

a f ter  wean i ng and t h i s  synd rome o c cur red soon a f ter the aerob i c  faecal 

f lora s h i f t e d  to  nearly a pure growth o f  haemoly t i c E . co l i . At t h i s  

s t age only o n e  p i g l e t  was s hedd i ng r o t av i rus . Th i s  obse rva t i on i s  i n  

agreemen t w i th  Le ece  e t  al . ( 1 9 8 2 ) and T z i po r i  e t  al . ( 1 980b ) . 

I t  i s , there f o re , con c luded f rom these s t ud i es tha t d i arrhoea i n  

the  suck i ng pigl e t s  was c lo s e ly assoc i a t ed wi th ro t av i ral i n f ec t i on 

w h i le ro t av i rus d i d  no t appear t o  play an i m p o r tant  role in PUD . I n  the 

l a t t e r  cond i t i on ,  haemoly t i c  E . coli  was p robably res pons i b l e . The 

haemoly t i c  E . coli  recovered f rom the weaner  p i gs in th i s  s t udy has been 

i d en t i f i e d  as  O-s e r o type 1 38 ( Hampson et a l . 1988 ) . Th i s  s e r o t y p e  has 

o f ten been assoc i a t ed wi th  PUD ( T z i po r i  1 985 ) . 

I t  has been well  do cumen ted t hat p i g le t s  born o f  gi l t s  a r e  mo re 

suscep t i ble  to ro t av i ral i n fec t i on than are t hose born o f  mul t i parous 

s ows (Askaa e t  al . 1 98 3 ,  Svensmark 1 98 3 ) . In this  s t udy , p i gle t s  born 

o f  gi l t s  were also found t o  become i n f e c t ed w i th rotavi rus ear l i e r , to 

shed the v i rus for  a longe r per i od and to s u f f e r  more severe d i ar rhoea 

t han those born of mul t i parous sows . T h i s  is poss i bly due to a lower 

level of an t i body t o  ro tav i rus i n  c o l o s t rum from g i l t s than f rom 

m u l t i parous s ows as has been repo r t ed by As kaa e t  al . ( 1 983 ) .  The 

p resen t observa t i on that the gi l t s  we r e  d i r t i e r  than mul t i parous s ows i s  

o f  i n t eres t becaus e  rotav i ra l  i n f e c t ion  o f  suscept ible an imals occurs 

t h rough c on t a c t  e i ther wi t h  i n d i v i duals shedd i ng ro tav i ruses in the i r  

faeces o r  w i th  a con tami na ted env i ronment ( Uoode and Bohl 1 9 8 1 ) .  The 

d i r t i ness  of the gi l t s was mai nly due to faecal ma t e r i a l . As t h i s  

con tami na t i on was espec ially around t h e  mammary glands , i t  wou l d  have 

p rovi ded a p o t en t i ally t i ch source of  ro t av i ral infec t i on ,  and p o s s i bly 

o t her en t e r i c  pa thogens , f o r  the p igle t s .  
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3 . 2 . 5  Conclus ions 

1 .  The prevalence of  group A ro tav i ral i n fec t i on at Massey P i gge ry was 

9% wi th  1 9 . 3% in sucking p igle ts  and 1 4 . 4% in  weaner p i gs . Ro t av i ral 

an t igen was no t detec t ed i n  f a t t ener p igs , sows and boars . 

2 .  In  the sucki ng per i od ,  p igle ts  less t han one week o f  age d i d  no t 

shed group A ro tavi rus pos s i bly due t o  t he presence o f  ma t er na l  

an t i ro t av i ral an t i body . P igle ts  began t o  shed group A r o t av i ru s  a t  t wo 

weeks o f  age , the prevalence then i ncreased wi th  age and reached a p eak 

at f i ve weeks of age . 

3 .  The coho r t  s t udy revealed that all  p i gle t s  shed group A r o t av i rus 

before 40 days o f  age . The average age a t  whi ch ro t av i rus was f i rs t  

de tec ted was 1 9  days , and ranged f rom 1 3  t o  39 day� . 

4 .  The average dura t i on o f  shed d i ng was 7 . 4  days in i n d i v i dual p ig le t s ,  

and ranged f rom one t o  1 2  days . The t o tal  dura t i on o f  shedd i ng i n  the  

coho r t  was 30 days . 

5 .  Recurren t shedd ing o f  group A ro tavi rus occurred i n  f i ve o f  t h e  1 2  

p igle ts  a t  one t o  1 1  days af ter the f i rs t  shed d i ng ceased . 

6 .  All p i gle t s  ceased shedd i ng group A r o t av i rus by two months  o f  age . 

P igs d i d  no t shed ro tavi rus from two mon t hs of  age t o  t h e  t i me o f  

slaugh t e r . Ro tav i rus was no t d e t e c ted f rom any o f  the four sows f rom 

one week before  f arrow i ng un t i l  t he i r  p i g l e t s  were weaned . 

7 .  Diarrhoea obs erved in  sucking p igle t s  was associa ted w i t h  shed d i ng 

o f  group A ro t av i rus s i nce t h i s  d i arrhoea occurred soon a f t e r  ro t av i rus 

was f i rs t  d e t e c ted in the i r  faeces . 

8 .  D i ar rhoea observed i n  weane r p i gs s i x  to  e i gh t days a f t e r  wean i ng 

( PWD ) was no t associa ted w i t h  the shedd i ng o f  group A ro t av i rus s i nce 

few p igle t s  shed the v i rus a t  that t i me .  However , all  p igle t s  s hed 

haemo ly t i c  E . co l i  f i ve to seven days a f t e r  wean i ng ,  j us t  b e f o r e  PWD 

occur red . Thus , haemo ly t i c  E . co l i  may have been res pons i bl e . 

9 .  Diarrhoea observed in  sucking p i g l e t s  was m i lder than that  i n  weaner 

p i gle ts . Dep ress i on and dehydra t i on was observed in  the la t te r  b u t no t 
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i n  the  former group . 

1 0 . Weekly ga i n  i n  we igh t i n  d i arrhoe i c  p i gle t s  was only hal f o f  that  

in  non-d iarrhoe i c  coun t e rpar t s . 

1 1 .  I n  the suck i ng per iod , more p igle ts  bo rn of  g i l t s shed group A 

ro t av i rus and developed d i ar rhoea than t hose born o f  mUl t i parous sows . 

P i gl e t s  o f  the fo rme r also s hed the v i rus ear l i e r  and for  a long e r  

p e r i od t han t hose o f  the lat ter  group . These d i f f er ences may be due t o  

l owe r l evels o f  an t i body t o  ro tavi rus i n  colos t rum a n d  m i l k  f rom gi l t s 

t han f rom mul t i parous sows as sugges t ed by o t her workers . G i l ts we r e  

obse rved to be d i r t i e r  t han mul t i parous sows d u e  t o  con tam i na t i o n  w i t h  

faecal mater i a l , es pec i a l ly around t h e  mammary g lands , thus t hey may 

have p rovi ded a r i cher  source o f  ro tav i rus for the i r  p igle t s  t han d id 

mul t i parous sows . 
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3 . 3  NATURAL TRANSMISSI ON O F  GROUP A ROTAVIRUS VITHIN A PIG POPULATI ON 

3 . 3 . 1  I n t roduc t i on 

The previ ous coho r t  s t udy involving 1 6  p i gle t s  showed tha t a l l  o f  

these an imals became i n fec ted w i t h group A r o tav i rus before 4 0  days o f  

age . The dura t i on o f  shedding was approxima t e ly e i gh t days i n  

i nd i vi dual p i gl e t s  and 3 0  days i n  the g r oup a s  a whole . Ro t a v i ral 

an t i gen was never d e t ec t ed i n  faeces f rom p ig s  ove r two mon t h s  o f  age . 

Faeces f rom s ows were always f ree o f  group A rotavi ral an t i gen a l t hough 

t hey were also sampled d a i ly from one wee k  be f ore farrowi ng u n t i l  

wean i ng .  However , i n  t h i s  s tudy , o n ly f o u r  p i g l e t s  f rom each o f  the 

four  l i t t e rs we re mon i tored , so i t  was not p o s s i b l e  to  observe how the 

v i rus was t ransm i t ted f rom p iglet t o  p i gle t and f rom l i t t e r  to  l i t t e r . 

A fur ther i nves t i ga t i on was there f o re car r i ed ou t i n  t he s ame 

p i ggery using all the  pigs f rom f i ve l i t t e rs (a t o tal  of 50 p i g le t s ) f o r  

t w o  ma i n  reas ons : 

shedd i ng o f  group A 

s econdly , to  s t udy 

f i rs t ly ,  to  determi ne whe ther or no t the p a t t e rn o f  

rotavi rus i n  p igs was as previ ous ly o b s e rved ; 

the t ransmission o f  r o t a v i rus f rom p i gle t t o  p ig l e t  

and f rom l i t t e r  t o  l i t t e r  unde r  natural c i rcums tan ces . 

3 . 3 . 2  Ma t e r i als and me thods 

Managemen t o f  animals : Approx i ma t e ly one week p r i o r  t o  t he i r  

expec ted date of par t ur i t ion , f i ve sows were i n t roduced t o  t h e  far r ow i ng 

un i t  and were loca t ed as shown in F i g .  3 - 2 . One sow ( No . 1 )  was housed 

i n  room C toge ther w i th t h ree o t her sows wi t h  piglets  wh i ch were no t 

i nc luded i n  t h i s  s t udy . P igle ts f rom these three sows we r e  t wo w eeks 

o ld when sow No . 1 was moved i n t o the r oom . The o ther four s ows ( Nos . 

2 ,  3 ,  4 ,  5 )  were housed t oge ther i n  a se para t e  room A .  A l l  t he f i ve 

sows farrowed w i t h i n  two days . Fi f ty p i gle t s  survived the pos t -neonatal 

p e r i od , and these pigle t s  formed the s t udy cohor t .  

Twenty four  p i g l e t s  ( four t o  f i ve randomly selec ted from each o f  

the f i ve l i t t e rs )  were weaned a t  2 6  d ays o f  age and we re ke p t  i n  

ind i v idual cages close t o  one ano ther i n  a cont rolled t empera t u re house 

where they could be moni tored ind i v i dually . The res t were m i xed , le f t  

on two sows and weaned ten  days lat e r .  Fou r p igle ts f rom the unweaned , 

and e i gh t f rom the weaned group , we re ki lled a t  33 days o f  age t o  

compare the d e t e c t i o n  o f  ro tavi rus i n  t h e  f aeces and i n  the i n t e s t i nes . 



7 9  

The s u rv i v i ng pigle t s  f rom the early and l a t e r  weaned groups w e r e  

r e d i s t r i bu t ed i n t o  four pens wi t h i n  t h e  same wean e r  r o o m  acco r d i n g  t o  

t he i r  s i z e s  a t  4 0  days o f  age . 

1 x x x 2 3 4 5 

C A 

J I 1 • 

D B 

F i g .  3-2 . The rela t ive loca t ion o f  the f ive s ows i n  t he far rowi ng uni t .  

X are l i t ters  n o t included i n  t h i s  s tudy . P i glets  i n  r ooms B 

and D were n o t s tudied . 

Samp l i ng p rocedure s : Faeces f rom sows were co l l e c t ed dai ly f rom the 

t i me when t hey were t rans ferred i n t o  the farrow i ng un i t  to  the t i me o f  

wean i ng .  

Faeces o r  faecal swabs were t aken f rom all  the p i gle t s  every day 

f ro m  b i r t h to  60  days of age . Faeces as wel l  as i leal con t e n t s  wer e  

t aken f rom p i g l e t s  k i l l ed a t  33 days o f  age . A l l  these samp les we r e  

s t o re d  a t  -70o e un t i l  exam i ned . 

De t e c t ion  o f  g roup A r o t avi rus : All t h e  faecal samples were 

e xanii ned for  group A r o t avi ral an t igen by the Dakopa t t s ELI SA k i t ( see 

s e c t i on 2 . 2 ) .  Selec ted samples were also compared f o r  the i r  genomi c 

p a t t e rn s  by PAGE as des c r i bed also i n  sec t i on 2 . 2 . 

De t ec t ion o f  haemoly t i c  E . coli : Faeces f rom a l l  p i gs f rom the  day 



8 0  

o f  wean i ng t o  1 5  days a f t e r  wean ing we re exami ned f o r  t h e  she d d i ng o f  

haemo ly t i c  E . co l i  as d e s c r i bed i n  se c t i on 3 . 2 . 2 .  

3 . 3 . 3 Resul t s  

All the pigle t s  bec ame i n fec ted wi th group A rotav i rus b e f o r e  35 

days o f  age ( t able 3 -6 ) . The age at wh i ch p i g l e t s  f i r s t  shed r o t a v i rus 

was 1 9  t o  34 days w i t h  a mean o f  27  days . The average dura t i o n  o f  

shed d i ng in  ind i v i dual p i g l e t s  was e i gh t days rangi ng f rom t w o  t o  1 3  

days . 

Table 3-6 : Pa t tern o f  shed d i ng o f  ro t avi rus i n  five l i t t e r s  o f  pigle t s  

Li t t e r  No . No . o f  p igs Ave rage age a t  Ave rage Du r a t i o n  

f i rs t  d e t e c t i on o f  shed d ing 
• 

( d ays )  ( Range )  ( days )  ( Ra nge )  

1 1 1  22 ( 1 9- 2 4 )  8 . 5  ( 5 - 1 3 )  

2 9 26 ( 2 2-2 8 )  9 . 0  . ( 6 - 1 3 )  

3 9 27  ( 26- 2 9 )  7 . 1  ( 5 - 1 1  ) 

4 1 1  30 ( 25-3 4 )  6 . 8  ( 2 - 1 0 )  

5 1 0  3 1  ( 2 7-34 ) 8 . 3  ( 7 - 1 1 )  

To t al 5 0  27  ( 19-34 ) 8 . 0  ( 2 - 1 3 )  

• Dur i ng the f i rs t  e p i sode o f  shedding . 

Pigle ts born o f  s ow No . 1 ,  whi ch was housed in  farrow i ng r o om C ,  

were the f i rs t  among the f i ve l i t t e rs t o  shed group A ro t av i r u s  ( a t  

1 9-24 days of age ) . Two days l a t e r ,  pigle t s  f rom sow No . 2 ,  housed 

closes t to  the d o o r  i n  farrow i ng room A s t ar t ed to shed t he v i r u s . The 

rema i n i ng three li t t e r s  ( sows No . 3 , 4 , 5 ) s t a r ted to shed ro t av i r u s  a t  

abo u t  the same t i me , three to four days a f ter the second l i t t e r .  A t  

t h i s  s t age , the p i g l e t s  were a t  the po i n t  o f  being weaned ( ea r l y  weaned 

group ) or of  be ing m i xed w i t h  o t her l i t t e rs of p igle ts  ( unweaned g r o up ) . 
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One pi gle t from l i t te r  4 shed ro tavi rus o n  the day o f  being weaned . Tvo 

pigle t s  from l i t ter  3 and one from l i t ter 4 began t o  shed the vi rus one 

day a f ter  weaning . All piglets in li t ter 3 shed ro tavi rus wi thin t hree 

days o f  wean ing . In the o ther two l i t t ers ( 4  and 5 ) , pigle t s  f rom t he 

weaned group shed group A rotavi rus earl ier ( 28 � 1 . 4  days of  age ) t han 

those le f t  unweaned ( 3 2 . 6 � 2 . 88 days of age ) ( P <O . 005 ) . The number of 

new cases occur r i ng each day is shown in Fig . 3-3 for the f i ve l i t t ers 

bo th ind i v i dually and as a group . In each of the l i t ters , one or t vo 

pigl e t s  were always infected earlier than the res t ,  and then infec t i o n  

s p read to o ther pigle t s .  I t  took four to t e n  days f o r  r o t av i ra l  

in fec t ion to  spread t o  a l l  pigle ts  i n  each l i t t e r  and 16  days t o  i n f e c t  

the whole pig popula t i on inves tigated . 

; 1  0 BR � 
I ; 1 0 0 �RR 
I � l R�DD 

! ; 1 0 D�RD 0 0 

� 1  oRooo � 

R O��QDD�OD� � 0 
1 8  2 2  28 30 34 

AGE � DAYS 

Pig.  3-3 . New cases of ro t avi ral infec t ion in each o f  the f ive li t ters 

and i n  the coho r t .  Prom top t o  bo t t o. a re l i t ters 1 , 2 , 3 , 4 , 5  

and the coho r t . 

The preva lence o f  ro tavi ral infect ion is depi c ted in  Fig . 3-4 f o r  

the f i ve ind ivi dual l i t ters and i n  F i g .  3-5 for the t o t a l  p i g  

popula t i on s t ud ied . A s econd peak of rotaviral shedd ing was observed i n  

. 18 of  the 38 surv i v i ng pigle t s  ( 47%)  a t  around 4 7  days of  age , r angi ng 

f rom 43 to S 2  days . The second per iod of  shedding was f i r s t  recorded i n  
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one p i gle t three days a f t e r  a l l  p igle t s  were mi xed and r ed i s t r i bu t ed i n  

four pens of a weaner house a t  40 days o f  age . At this  t i me , t wo 

p igle t s , one each from li t ters 4 and 5 were s t i ll i n  t he i r  f i rs t  epi sode 

o f  i n fec t i on . Among the 18 an i mals wh i ch shed rotavi rus for a s econd 

t i me , five ,  th ree , one , two and s even were from l i t ters 1 ,  2 ,  3 ,  4 and 

5 ,  r e s pec t i vely . Th is  second shedd i ng occurred in i nd i v i dual pigle t s  6 

to  20 days ( mean 12 . 6  days ) a f t e r  the f i r s t  shedd i ng had ceased . The 

dura t i on of  shedd ing of  group A ro tavi rus was 34 days in to tal for these 

f i ve l i t ters of p iglets . By 53 days of age , rotavi ral an t i gen was no 

longe r de tected in  any of t hese animals . 

110 
110 
40 
20 

o 110 
� eo 
o 40 
� 20 
� 
U) 110 
S2 110 � "" 40 
0 20 
W � 110 
i llO � 
W 40 � 20 
w 

L l�l O:J!\ 
�;-1I-2�2�2-11--3-' �3�e�4�1--4�e�5�0�5�3 

AGE IN DAYS 

F i g .  3-4 . Pa t te rn o f  ro t av i ral shedd i ng i n  the f ive l i t ters . 

From top to  bo t tom are l i t ters  1 , 2 , 3 , 4  and 5 .  

Among the 1 2  piglets  k i lled at 3 3  days of age , f i ve were s t i l l  

shedd i ng rotav i rus in the i r  faeces , and ro tav i ral an t i gen was also 

d e t ec ted in  the i r  in tes t inal con t en t s . Ro tav i ral ant igen was no t 

d e t e c ted in t he in tes t inal contents  of  t he rema i n i ng seven pigle ts  wh i ch 

were not shedding ro tavi rus in the i r  faeces a t  t h i s  t i me . 

Ten ELISA pos i t i ve samples from the f i ve l i t ters dur i ng the two 

pe r i od of  shedd ing at 19-35 and 4 3-48 days of  age were selec ted and 

exam i ned by PAGE . All of the samples showed iden t i cal elec t rophore t i c  

pa t t erns ( F i g .  3-6 ) . 
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80 Q W ..... 70 0 W "- eo � 
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AGE IN DAYS 

Fig .  3-5 . Pa t te rn of ro tavi ral shedd i ng i n  the coho r t . 

Haemoly t i c  E . c o l i  ( near pure growth ) were d e tec t ed i n  all  ( 24 )  o f  

the  early weaned p igle ts  three t o  e i g h t  days ( mean 5 . 3  day s ) a f t e r  

wean i ng . Haemo ly t i c  E . col i were also d e t ec t ed i n  e igh t o f  t h e  2 6  

unweaned p i gle t s  a t  2 6  t o  34 days o f  age . These unweaned p i g l e t s  s he d  

haemo ly t i c  E . co l i  a t  a l ower level ( 25-75% o f  the aerob i c  f aecal f l o ra ) . 

When t h e  surv i v i ng p i gs ( 2 2 )  f rom t he unweaned group we r e  weaned a t  3 7  

days o f  age , a l l  s hed haemo ly t i c  E . co li ( near pure grow t h ) . Those wh i ch 

shed haemoly t i c  E . c o l i  before wean i ng , e i ther  cont i nued t o  shed o r  

re-s hed a t  abou t t en days a f t e r  wean i ng .  For those wh i ch d i d  n o t  s he d  

haemoly t i c  E . co l i  be f o re wean i ng ,  haemo ly t i c  E . co l i  w e r e  f i rs t  d e t e c t ed 

a t  an average o f  6 days a f t e r  wean i ng .  

Du r i ng the s t udy p e r i od , 4 4  e p i sodes o f  d i arrhoea we r e  obse rved i n  

3 9  ( 7 8 % )  o f  t he 5 0  p i gle t s .  Seven teen p igle ts  developed d i a r rhoea i n  

t he sucking per iod soon a f t e r  ro t av i rus was f i r s t  d e t e c t ed . Two p i g l e t s  

concu r r en t ly shed haemoly t i c  E . co l i . Twenty  one ou t ' o f  t he 2 4  p i g l e t s  

weaned a t  2 6  days o f  age developed d i a r rhoea a f t e r  wean i ng . Among 

thes e , seven p i gle t s  were shedd i ng r o t av i rus , 1 1  were shed d i ng 

haemoly t i c E . co l i , t wo were concur r en t ly shedd i ng r o tav i rus and 

haem'o ly t i c  E . co l i , and one d i d  not  shed e i ther . When those p i g l e t s  w e r e  

weaned a t  37  days o f  age , s i x o f  t h e  2 2  developed d i ar rhoea a t  t hree  

days a f t e r  wean i ng .  At  t h i s  t i me ,  the s e  p i gs were shedd i ng haemo ly t i c  

E . c o l i  i n  the i r faeces . The dura t ion o f  d i ar rhoea i n  i nd i v idual p i g l e t s  

was f rom one t o  e igh t days wi th  a n  ave rage o f  three days . Diar rhoea 
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F i g .  3-6 . Elec t rophore t i c  pa t te rns o f  two represen t a t ive group A 

ro tavi ruses d e t ec ted dur i ng the two peaks o f  shedd i ng 

a t  1 9-35 (A)  and 43-48 ( B )  days o f  age . 
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obse rved i n  p i gle ts  before wean i ng w�s much m i lder  than t h a t  seen i n  

weaned p iglets . Depres s i on and dehyd ra t i on was gene rally as s oc i a t ed 

wi th  d i a r rhoea i n  weane r ,  bu t no t i n  sucking p igle ts . 

Ne i t he r  ro tavi rus nor d i ar rhoea was observed in any o f  t he s ows 

tha t were sampled d a i ly th roughou t the  p e r i od of i nves t iga t i on .  

3 . 3 . 4  Discuss i on 

Resul ts  f rom this  s t udy con f i rm t h e  pa t t ern o f  rotav i ral shedd i ng 

i n  p i gs observed i n  the p revi ous s t udy ( se c t ion 3 . 2 ) .  All p i gle t s  

became i n fec t ed w i th  group A r o t av i rus be fore 40 days of  age and ceased 

shedd i ng by t wo mon ths of age . The dura t i on of shedding in i nd i v i dual 

p igle t s  was abou t e i gh t days . 

The age d i s t r i bu t i on o f  r o t a v i ral i n f ec t i on i n  p igs obse rved i n  

both  t h i s  s t udy and t h e  p re v i ou s  s t udy descri bed i n  sec t i on 3 . 2  i s  i n  

agreeme n t  wi th mos t o t her wo rkers ( Askaa e t  al . 1 983 , Bohl e t  al . 

1 9 78 , Li p rand i e t  al . 1 98 7 , U t rera e t  al . 198 4 ) . Ro t av i ral shedd i ng 

occu r red mainly i n  p igle ts  b e t ween t h r ee and e i gh t  weeks o f  age . 

Younge r p i gle t s  are occas i onally r e p o r ted to  be infected  ( Debouck and 

Pensae r t ,  1 983 , M cNul ty e t  al . 1 9 7 6 c ) .  Ro tav i ral an t i gen was no t 

detec t ed i n  p i gle t s  under  t en d ays o f  age i n  t he p i gge r y  under s t udy , 

poss i b ly as a resul t o f  p r o t e c t i on by an t i body presen t in colos t rum and 

m i lk .  

A t  Mas sey P i ggery , group A r o tavi rus was n o t  d e t e c ted i n  p igs ove r 

two mon ths o f  age . None o f  t he s ows i nve s t igated shed r o tavi rus as 

de tec t ed by ELI SA or developed d i a r rhoea . Th i s  was desp i t e the fac t 

that faeces f rom t hese sows were collec ted and examined d a i ly f rom a 

week b e f o r e  farrow i ng un t i l  wean i ng . These resul ts  are in con t ras t t o  

those repo r ted by o t her workers . Grom e t  al . ( 1 984 ) found t h a t  1 5 %  o f  

f a t tener p i gs and 10- 33% o f  s ows were shedd i ng group A r o tavi rus . 

Co r t h i e r  e t  al . ( 1 980)  and McNu l t y e t  al . ( 19 7 6 c )  detec ted r o t av i ral 

an t igen f rom d i ar rhoe i c  g i l t s and s ows , and Ben f i eld et  a l . ( 1 982 ) 

d emons t ra t ed ro tavi rus i n  faeces f r o m  sows both  before and a f t e r  

par tu r i t i on . The d i scre pancy be tween t h e  resul ts  o f  the p resent  s t udy 

and those of o t hers  could be due to the follow ing reasons . F i rs t ly ,  the  

ELISA t e s t used i n  our  s t ud i es may be less  sens i t i ve than t e s t s  used by 

o t hers and the r e f o r e  fai led t o  d e t e c t  low amoun ts  o f  r o t av i rus shed by 

older  an i mals . Th i s ,  howeve r ,  i s  unl i kely  s i nce Co r t h i e r  e t  a l . ( 1 980) 

also employed an ELISA tes t f o r  de t e c t i ng r o tav i ral an t i gen . Bo th  
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B en f i e ld e t  a l .  ( 1 982 ) and McNu l t y  e t  al . ( 1 9 7 6 c )  iden t i f i ed r o t av i rus 

by elec t ron m i c ros copy ( EM ) . The sens i t i vi ty o f  the  ELI SA t e s t 

( Dakopa t t s ,  Copenhagen ) has been repo r ted t o  be more sens i t i ve t han EM 

( G rauballe e t  al . 1 9 8 1 ) .  The e a r l i e r  work in this  s tudy also revealed 

that the ELISA tes t was app r o x i ma t e ly ten t i mes more sens i t i ve t han EM 

( sec t i on 2 . 2 ) .  Secondly , r o t a v i rus d e t e c ted i n  this p i ggery und e r  

i nves t iga t i on may b e  less vi rulen t t han t h a t  repo r ted b y  o t he r s . 

Var i a t i on i n  vi rulence has been repo r t ed among bov i n e  group A 

r o tav i ruses by B r i dger and Pocock ( 1 9 8 6 )  and Cap r i o  e t  al . ( 1 9 8 1 ) .  

Th i s  var i a t i on could also exi s t  among porc ine r o tavi rus es . Th i rdly , the 

s ows and gi l t s that  were s t ud i ed in the p resen t s t udy m igh t have had 

s u f f i c i en t  i mmun i ty to p ro t ec t  t hem from fur the r  infec t i on .  Th i s  could 

be par t ia lly suppo r t ed by the f i nd i ngs of the wo rk desc r i bed in s e c t i on 

3 . 2  and t h i s  sec t i on i n  t h i s  t h es i s ,  i n  wh i c h  i t  was shown tha t p i g l e t s  

unde r  t en days o f  age were p r o t ec t ed f rom r o tav i ral i n f ec t i on , 

presumably by an t i ro t avi ral an t i body i n  colos t rum and m i l k .  Thus , the i r  

dams would have had h igh levels o f  an t i body . Th i s  has been f u r t h e r  

i nves t i ga ted and t h e  resul t s  w i l l  be des c r i bed in  chap t e r  f ou r .  The 

fou r t h  poss i b i l i t y  could be t h a t  in o t her  s tud i es , d i f fe ren t s e r o t ypes 

o r  s t ra i ns were i n t roduced , i n fec t ing sows and gi l t s  wh i ch lacked 

i mmun i t y  to the new sero t ypes o r  s t ra i ns . I t  has been repo r t ed in man 

that i n f e c t ion w i th one s e r o ty p e  may n o t  necessar i ly p r o t e c t  agains t 

i n f ec t i o n  w i th ano ther s e r o t y p e  (Yolken e t  al . 1978c ) .  To d a t e  more 

than t hree sero types have been r e po r t ed t o  i n f e c t  pigs ( Bohl e t  al . 

1 98 4 , Nagesha and Holmes 1 988 , P aul e t  al . 1988 ) . 

B i phas ic  shedd i ng o f  ro t av i rus among l i t t e rs o f  p igle t s  a t  

i n t e rvals o f  t h ree to  four  weeks was repo r t ed by Debouck and Pensae r t  

( 1 9 83 ) . I n  t h e  prev i ous c ohor t ( s ec t i on 3 . 2 ) ,  f i ve o u t  o f  1 2  p igl� ts  

developed a s econd p e r i od o f  s hedd i ng o f  ro tavi rus a t  i n t e rvals of  one 

t o  11  days . I n  t he p resen t s tudy , abou t half the p igle t s  ( 1 8 o u t  of  38 ) 

shed group A ro tavi rus for a second t i me s i x t o  20 days a f t e r  the f i r s t  

shedd i ng had ceased . Th i s  i s  possi bly a feature o f  ro t avi ral i n fe c t i on 

i n  p i gs , whi ch may ar i se due to  a weak i mmune res ponse to  the  f i rs t  

i n fec t i on . B i shop e t  al . ( 1 98 3 )  have also repor ted that  neonatal 

r o t avi ral i n fe c t i on did no t con f e r  immun i ty agains t r e i n fec t i on a l t hough 

i t  d i d  p ro t e c t  agains t the d evelopmen t of severe d i sease d u r i ng 

subsequen t i n fec t i on . The second p e r i od o f  shedd i ng o bserved i n  t h i s  

s t udy p robably represen ts  a r e i n fe c t ion rather t han a p e r s i s ten t 

i n f ec t i on , even t hough the v i ruses d e t e c t ed d u r i ng the t wo phases showed 

i d en t i cal elec t rophoretypes . Th is s eems l i kely because ( 1 )  r o t av i rus 

could no t be d e t e c ted in  the i n t e s t i nal con ten t s  of s even p igle t s  wh i c h  
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had p revi ously shed r o t av i rus , bu t wh i ch 

t he i r  faeces when they were s laugh te red a t  

were n o  l onger shedd i ng i n  

33 days o f  age , ( 2 )  t h e  

i d en t i c a l  elec t rophore types may n o t  necessar i ly have iden t i cal 

nucleo t i d e  s equences ( Clarke and - McCrae 198 2 ) ; fur t h e rmo r e , an t i gen i c  

d r i f t  has been d e tec ted by monoclonal an t i body s t ud i es o f  ro t av i ru s  

s t ra i ns i so la ted t h ree mon ths apar t even t hough t h e  s t rains s howed 

i den t i ca l  e l e c t ropho re t i c  pat tern  by PAGE ( Coulson e t  a l . 1985 ) , ( 3 )  

the second s hedd i ng began three days a f t e r  red i s t r i bu t i on o f  a l l  t he 

p i g l e t s  and a t  t h i s  s tage , t wo p i gle t s  we r e  s t i l l  shedd i ng dur ing t he i r  

f i rs t  e p i sode o f  i n fec t i on . These two p i g l e t s  migh t  have s erved as t he 

source o f  r o tav i rus for  the r e i n fec t i on o f  the  o t h e r  p i gs in  the m i xed 

group . 

Agai n  i n  t h i s  s t udy the associ a t i on b e t ween t he occurrence o f  

d i a r rhoea and the shedd i ng o f  r o t av i rus was o bserved i n  p i gle ts b e f o r e  

wean i ng .  D i a r rhoe� a f t e r  wean i ng ( PWD ) was mo r e  rela t e d  t o  t h e  shedd i ng 

o f  haemo ly t i c  E . co l i  than to  ro t av i rus . 

Group A r o t av i ral i n fec t i on 

b reed i ng herds ( Boh l , 1 9 7 9 ) . 

i s  ub i qu i t ous and enzoo t i c  i n  p i g  

V i r t ually a l l  o f  t he p i gle t s  tha t were 

f o l lowed in  this  s t udy became i n fec ted early in  the i r  l i fe .  Howeve r ,  

t he dura t i o n  o f  s hedd i ng o f  g roup A r o tavi rus i n  i n f e c t ed animals was 

only abou t e i gh t days and r o t av i ruses we r e  no t demons t ra t ed in pigs over  

two mon ths o ld . None o f  the s ows i nves t i ga t ed shed r o t av i rus during the 

p e r i od of  farrow i ng . Th i s  raises  tne ques t i on o f  how r o tavi rus i s  

mai n t a i ne d  i n  the p i ggery . The natural pa t t e rn o f  t rans m i s s i on obse rved 

in t h i s  s t udy th rows l i gh t on  the problem . · The l i t t e r  of p igle t s  w h i c h  

f i rs t  became i n f ec t ed was housed i n  farrow i ng r o o m  C w i t h  three o lder  

l i t t e rs wh i ch were  no t i nc luded i n  this  s t udy . Four  days before the 

f i rs t  l i t t e r  be came i n f e c ted , d i arrhoea was observed i n  the o l d e r  

p ig l e t s  a n d  r o tav i ral 

t hem ( da t a  no t shown ) .  

an t igen was d e t e c t ed i n  d i a r rhoe i c  faeces f rom 

Two days a f t e r  the  f i rs t  l i t t e r  was in fec t ed , 

t he second l i t t e r , wh i ch was the closes t t o  the  door  i n  farrowing room 

A ,  began shedd i ng r o t av i rus and then i n fe c t ion occurred in o t her l i t t e rs 

i n  t he same room . The mechan i s m  o f  r o t av i ra l  t ransmi s s i on f rom one room 

t o  ano t h e r  may have been by aeroso l , by  movemen t o f  p e rsonne l ,  or  bo t h . 

The f a r r ow i ng house i n  the p iggery unde r i nves t i ga t i on i s  cleaned every 

day by hos i ng w i th  h igh p ressure wa t e r  and t h i s  could c r e a t e  aerosols  o f  

dus t and faeces . Aerosols could con tain  i n fec t i ous par t i c les a t  the 

t ime when p i gs are shedd ing ro tav i rus in the i r  faeces . The ai rborne 

i n f ec t i on could also exp lain the s i mul t aneous s hed d i ng of r o t avi rus i n  

t h e  rema i n i ng t h ree l i t t e rs four  days a f t e r  r o t av i rus was f i rs t  d e t e c t ed 
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i n  l i t t e r  2 .  The s i mul taneous shedd i ng o f  rotavirus i n  these t h r e e  

l i t t ers o f  p i gle ts  may also have been due t o  t he mix ing o f  p igle t s  a t  

t h e  po i n t  o f  wean i ng .  S i nce t he f o u r  farrowing rooms a r e  adj ace n t t o  

one ano ther , t he con t i nuous far row i ng i n  t h e  un i t  p rovi des a con t i n uous 

s u p p ly of susce p t i b le young p i gle t s  and hence ma i n t a i n s  the cyc l e  o f  

r o t av i ral i n fec t i on . Usual ly , i n  each o f  t he l i t t ers , one o r  two 

p i g l e t s  began to  shed ro tav i rus ear l i e r  than t he rest  and t hen i n f ec t i o n  

s p read among o t hers i n  the same l i t t e r , and f i nally spread to  pigle t s  o f  

o t her  l i t ters . From t hese observa t i on s , i t  i s  conc luded t h a t  con t i nuous 

t ransm i s s i on o f  r o t av i rus from p i gle t to p i gle t :  from l i t t e r  to l i t t e r  

and f r om room t o  room i s  a maj o r  fac t o r  i n  ma int aining the cyc l e  o f  

r o t av i ral i n fec t i on i n  this p i gge ry . 

3 . 3 . 5  Conclus i ons 

1. The resul ts  f r o m  this  s t udy con f i rm t he pa t t ern of shedd i ng o f  group 

A r o t av i rus observed in the prev i ous s t udy ( s ec t i on 3 . 2 ) . P igle t s  less 

t han ten days of  age did n o t  shed g roup A r o tav i rus . All  p i gle t s  s hed 

t he v i rus bef ore 40 days of age , wi t h  the  age at f i rs t d e t e c t i on r ang i ng 

f rom 1 9  t o  37 days . P i gle t s  ceased s hedd i ng before two mon t hs o f  age . 

Ro t av i ral an t igen was not  d e t e c t ed i n  faeces o f  any o f  the  f i ve s ows . 

2 .  The dura t ion o f  sheddi ng i n  i nd i v idual p i gle ts was t wo to  1 3  days 

w i t h  a mean dura t i on o f  e i gh t days . The duration of  shedd i ng i n  the 

coho r t  was 34 days . These resul ts  a r e  also  s i m i lar t o  those obse rved in 

the p r ev i ous s t udy ( sec t i on 3 . 2 ) .  

3 .  Nearly hal f o f  the pigl e t s  i nves t i ga t ed shed group A r o tav i rus f o r  a 

second t i me s t a r t i ng a t  s i x  t o  20 days a f t e r  the f i r s t  shedd i ng had 

ceased . The dura t i on was abou t three d ays in ind i v i dual p i gle t s  dur ing 

t h e  second episode . This was poss i bly due t o  a weak i mmune res ponse to  

t h e  f i rs t  epi sode o f  infec t i on .  

4 .  The se cond per i od o f  shedd ing represen ted re i n f ec t i on ra t h e r  t han 

p e r s i s t e n t  infec t i on .  

S .  The s ource o f  ro tav i rus f o r  the s e c ond i n fect i on was f rom p i g l e t s  

wh i c h  w e r e  s t i l l shedd ing ro tavi rus d u r i ng the i r  f i rs t  e p i sode o f  

i n fe c t i on .  

6 .  T rans mis s i on o f  rotav i rus occur red f rom room to  room by a i rborne 
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i n fe c t i o n  o r  b y  movement o f  personne l .  Ro tavi rus was f i r s t  d e t e c t ed i n  

l i t t e r  No . 1 housed i n  r o o m  C ,  and t h e n  i n  l i t t e r No . 2 housed c l oses t 

t o  t he door i n  room A .  

7 .  Trans miss i on o f  ro tav i rus occurred from l i t t e r  t o  l i t t e r .  P i gle ts  

in  l i t t e r  No . 1 shed r o t av i rus four days a f t e r  r o t a v i rus was d e t ec t ed 

f rom o t her  p i gs i n  t he same room . P i gl e t s  i n  l i t ters  No . 3 ,  4 and 5 

b egan to  shed r o t av i rus four  t o  f i ve days a f t e r  r o t a v i rus was d e t e c ted 

i n  p i gle ts i n  l i t t e r  No . 2 .  

8 .  Transmiss i on o f  ro tav i rus occurred f rom p i gle t t o  p igle t .  I n  each 

l i t t e r ,  usual ly one or t wo p i gle t s  became i n fe c t ed wi th group A 

r o tavi rus ear l i e r  than the r es t ,  infe c t i on t hen s pread t o  o t her p i g l e t s  

w i t h i n  t he same l i t t e r . 

9 .  The s i mul t aneous shedd i ng o f  rotavi rus i n  l i t t e rs No . 3 ,  4 and 5 

w e r e  due t o  e i ther  ai rborne i n f e c t i on o r  due t o  t he e f fe c t s  o f  m i x i ng a t  

t h e  p o i n t  o f  wean i ng . 

. 1 0 .  All p i gle ts  weaned a t  2 6  and 37 days o f  age shed haemoly t i c  E . coli  

t h ree to  e i ght days a f ter wean i ng .  

1 1 .  Fo r ty- four e p i sodes o f  d i a r rhoea was obse rved i n  3 9  ( 78 % )  o f  t h e  50 

p i gle ts  d u r i ng the s t udy . D i a r rhoea whi ch occur red i n  s ucking p i g l e t s  

was assoc iated w i t h  t he shed d i ng o f  ro tavi rus wh i l e d i arrhoea wh i ch 

o c c u r red i n  weaner p i g l e t s  was assoc i a ted wi th shedd i ng o f  haemoly t i c  

E . co l i .  

1 2 . The con t i nuous t ransmi s s i on o f  r o tav i rus f rom p i gl e t t o  p i gl e t , 

f rom l i t t e r  to  l i t t e r  and f rom room to room i s  be l i eved to  be a maj o r  

f a c t o r  i n  mai n t a i n i ng the cycle o f  ro t av i ral i n fec t i on i n  t h i s  p i gge ry . 

I 
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3 . 4  DETECTION AND SURVIVAL OF GROUP A ROTAVIRUS IN THE PIGGERY 

ENVIRONMENT 

3 . 4 . 1 In t rod uc t i on 

�a t e r bo rne o u t b reaks o f  gas t roen t e r i t i s  as sociated w i t h  group A 

ro tav i rus have been repo r t ed i n  man ( F re i j  e t  al . 1 9 7 8 , Lycke e t  al . 

1978 , Morens e t  al . 1 9 7 9 )  and the v i rus  has been d e t ec t e d  i n  d r inking 

wa ter  ( G e r ba e t  al . 1 984 , Smi t h  and Gerba 1 9 8 2 ) and i n  d omes t i c  s ewage 

( Hej kal e t  a l . 1 984 , Smi t h  and Gerba 1 982 , S t e i nmann , 1 98 1 ) . Human 

ro tavi rus has also been recovered f rom envi ronmen t a l  s u r faces o f  

day-care c e n t re s  ( Keswi ck e t  a l .  198 3 ) . These s t ud i es i nd i ca t e  that  

ro tavi rus in  the  env i ronme n t  may be  an i mpo r tant  source of  i n fec t i on f o r  

suscep t i b l e  popula t i ons . 

I n  t h e  p i g  popula t i on , ' ro tav i ral i n fec t i on i s  w i de s p r ead , but 

d i sease is l i m i ted t o  p i glets  up to  and i mmed i a t ely a f t e r  wean i ng .  I n  

s t ud i es o f  t he e p i d e m i o l ogy o f  group A ro tav i ral i n fec t i o n  i n  p i gs ( s ee 

sec t i on 3 . 2  and 3 . 3 ) , i t  was cons i s ten t ly found tha t a l l  p i gs b ecame 

i n f e c t ed b e f o r e  40 days of age and tha t the ave rage d u ra t i on o f  shedding 

in  indiv i dual p igle t s  was approximately  eigh t  days . V i rus  was never 

d e t ec t ed in f aeces of  p i gs over t wo mon ths old . I t  is  u n l i ke l y  t ha t ,  

d i rect  t rans m i s s i o n  v i a  faeces be tween in fec t ed and non- i n f e c t ed p ig l e t s  

i s  t h e  only way b y  whi ch r o t av i ral i n f ec t i on i s  ma i n t a i ned i n  a herd . 

The presen t s t udy was car r i ed ou t t o  det ermine wh� � h e r  o r  no t r o t av i rus 

was presen t in the envi ronmen t and t he reby show if fomi t e s  could serve 

as a poss i b l e  source o f  i n fe c t i on for new l i t t e rs of p i g l e t s . 

3 . 4 . 2  Ha t e r i als and me thods 

Envi ronmental samp l ing : Samples we re collec ted f r o m  t h e  p i gge ry 

descri bed in sec t i on 2 . 1 . 1 . Dus t and d ry faeces we r e  c o l l e c t ed f rom a 

farrow i ng house , a weaner house , a d i sused weaner hous e , a f a t tener 

house and a sow house . A f t e r  the farrowing house had been r o u t i ne ly 

cleaned and d i s i n f e c t ed , d ry faeces were collec ted f rom t he f l o o r  s pace 

be tween t he far rowing pen and the wall . Dry faeces were  a l s o  c o l l ec t ed 

f rom t he f l o o r  o f  a d i sused weane r house whi ch had been f re e  o f  p i gle t s  

f o r  t h r e e  mon ths a t  t h e  t i me o f  sampling.  Faecal ma t e r i a l  was c o l lec t ed 

f rom t h e  f l oor o f  o t h e r  houses . Du s t  f rom all  the houses was c o l lec t ed 

by s c r a p i ng the s u r faces o f  the wa �l , and me tal and wooden f i t t i ngs . 
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Samples  o f  sewage ( faecal s ludge ) were collec ted f rom the d ra i n  i n  t he 

f a r r ow i ng hous e .  Sewage f rom o ther houses was no t ava i la b l e  f o r  

co l l e c t i on . Faeces were a l s o  taken f rom n i n e s ows a t  around the  t i me o f  

farrowing . A l l  samples w e r e  s t ored a t  -70° C un t i l  exam i ned . 

P rocess i ng o f  s ample s : Fo r t y  grams each of  d ry fae ces o r  dus t we r e  

d i lu t ed i n  P B S  ( pH 7 . 2 )  t o  a f i nal volume o f  100 m I . Each o f  these 

d i l u t e d  samples and 1 00 ml  of  sewage were processed by t h e  Freon 

ex t rac t i on me thod d e s c r i bed by B rashear and Ward ( 1 9 8 1 ) .  Samples were 

m i xe d  w i t h  an equal v o l ume o f  chi l led F reon ( F2 2 ) by con t i nuous s t i r r i ng 

and cen t r i fuged at 1 000 g f o r  30 min . A f t e r  the supe rna tan t had been 

removed , the samples we r e  re-ex t rac ted wi t h  PB S .  The comb i ned aqueous 

phases were then cen t r i fuged at 6 0 , 000 g for 2 h and t he f i nal  pelle t 

was resus pended i n  5 ml  o f  Earle ' S  balanced sal t solu t i on .  The samples 

were t re a t ed w i t h  5 m l  of e t her  for  30 mi n ,  cen t r i fuged at 1 000 g for 15 

m i n , and f i nally s t o red aga i n  at  -70° C un t i l  assayed . 

S t ock v i rus : Two s t ock group A rotavi ruses were used as pos i t i ve 

con t rols : a cy t o pa t h i c  p o r c i ne rotav i rus SW20/ 2 1  ( Woode e t  a l . 1 9 7 6 a )  

a n d  a non-cy topa t h i c  porc i ne r o t av i rus ( PRV ) 

p igs i n f e c ted w i t h  group A r o t avi rus from 

pu r i f i ed f rom faeces o f  

Massey P iggery . F o r  PRV 

pur i f i ca t i on ,  faeces were collec ted f rom pigle t s  whi ch were shedd i ng 

ro t a v i rus as d e t ec t ed by t h e  E LI SA tes t and were ex t rac t ed w i t h  PBS a t  a 

r a t i o  o f  1 / 4 . A f t e r  c en t r i fuga t i on a t  5000 g f o r  30 m i n , the 

supe rna tan t was harves t ed and passed t hrough a 0 . 45 �m m i l l i pore  f i l t e r  

( MF S , Dub l i n ,  CA , USA ) . 

Cul ture and neu t ral i za t i on o f  rotav i rus . i n  samples : P r o cessed 

samples ( 0 . 2 ml ) were i nocula ted on to  MA- I04 cell  monolay e r s  i n  

quad rupl i ca t e .  Two i nocula f rom each samp le were mi xed w i t h  serum f r om 

a s ow wh i ch had p reviou s ly been shown to  have a neu t ra l i z i ng an t i body 

t i t re o f  1 : 64 aga i ns t SW20 / 2 1  s t rain of rotav i rus . The m i x t u r e  o f  

sam pl es and an t i s e r um was i ncuba ted at  37 ° C for 1 h before i no cu l a t i on 

on t o  cells . Samples were a l lowed to  adsorb t o  the cells  for  one and a 

hal f  hou r s  be fore  b e i ng de can ted and d i scarded . Ma i n t enance med i um 

wi t h o u t  s e rum , bu t w i t h  0 . 5  �g t ryps in per ml , was added t o  the 

mon o l aye rs . The cul t ures in roller  tubes we re ma i n t a i ned at 37 ° C f o r  3 

days and t hen ha rves t ed .  A f t e r  being f rozen and t hawed t h ree t i me s , the 

cu l t u r e  f luids  we re e xam i ned by the ELI SA tes t  as descri bed b e l ow .  

Mono l ay e r  cul tures o f  PRV and SW20/21  grown i n  the s ame mann e r  were 

i n c luded as con t r o ls . 
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De tect ion o f  rotavi rus : All the samples , be fore and a f t e r  c u l t u r e , 

were exam i ned by the Dako pa t t s ELISA ki t ( se e  se c t i on 2 . 2 ) and o r i g i na l  

samples w e r e  exami ned b y  EM . 

Survival o f  porci ne rotavirus ( SV20/ 2 1 )  in cul ture med ium and i n  

p i g  faeces : One m l  o f  r o t av i rus S�2 0 / 2 1  cul tured in  MEM was d i s pe n s ed 

i n t o  each o f  ten  s t er i le p las t i c  con t a i ne rs which were t hen l e f t  o n  a 

s he l f  a t  room t empera ture ( 2 0-25 0 C ) . Two con tai ners we r e  t aken f ro m  t h e  

s he l f  to a -70° C freezer a t  day one and a t  every mon t h  therea f t e r  u p  t o  

f o u r  mon t hs . All  t h e  samples were l a t e r  t i t rated on MA- 104  c e l l s  i n  

. m i c ro t i t re p l a t e s  as des c r i bed i n  2 . 1 . 6 .  

For the de termina t i o n  o f  survival o f  ro t avi rus i n  p ig faece s , 1 00 g 

o f  s ow faeces wh i ch were free from ro tav i rus as detec t ed by t h e  ELI SA 

test were collec ted and seeded wi th  1QO ml S�20/ 2 1  i n  MEM . A f t e r 

m i x i ng ,  the faecal p repara t i on was d i spensed equally i n t o  t en g l ass 

b i j ous bo t t le s  and kep t  on a she lf as for  t h e  sus pens i on of t h e  v i rus  i n  

MEM � Two samples were t aken a t  day one and each mon t h  therea f t e r  u p  t o  

f o u r  mon ths and s t o red a t  - 7 0° C .  F o r  assay o f  t he v i ral  i n fec t i v i ty i n  

these samples , a 25% ( w / v ) suspens i on waS mad e i n  MEM . A f t e r  m i x i n g ,  

t h e  samples were cen t r i fuged at 3000 g for  3 0  m i n .  The superna t a n t was 

passed th rough a 0 . 45 �m m i l l i pore f i l t e r  and � hen t i t ra t ed as d e s c r i bed 

in s ec t i on 2 . 1 . 6 . 

3 . 4 . 3  Resu l t s  

De tec t i on of  ro tavi rus i n  the envi ronmen t : Table 3 - 7  summa r i z e s  the 

resu l t s of t he dete c t i on o f  ro tavi ru� f rom the samples by the ELISA 

t es t . Ro t av i ral an t i gen was detec t ed only from rooms whe r e  y oung 

p i glets we r e  kep t ( i . e .  far rowing and wean e r  rooms ) bu t n o t f rom 

f a t t ener and sow houses . Fresh faeces f r om s ows were also nega t i v e  i n  

the ELISA t es t .  

Under EM , rotavi ral par t i cles were observed from two  o f  the 

o r i g inal samples wh i ch were pos i t i ve i n  t he ELISA tes t ( s ewage f rom the 

far rowing house and dus t f r om the d i s us ed weaner house ) .  



Table 3-7 . De tec t i on ( + )  o f  ro tavi rus by ELISA in samples 

collec ted f rom various s i tes at Hassey Piggery 

House Dus t D ry faeces 

Far rowing " 
+ + 

Veaner + 

D i sused wean e r  + + 

Fat tener 

Sow 

" Ro tav i rai an t igen was also d e t e c t e d  in the sewage 

sample c o l le c t ed f r om the farrowing house . 

9 3  

Repl i cat ion and neu t ralizat i on of  rotavirus f rom the samples : Af t e r  

i ncuba t i on for 3 days , CPE was o bserved in cells i nocula t ed w i t h  SV2 0 / 2 1  

b u t  no t i n  any o f  the  monol ayers inocula ted wi th the · samples o r  w i t h  

. PRV . Vhen the c u l t u r e  f l u i d s  were examined by t h e  ELI SA t es t , f o u r  ou t 

o f  the  s i x  samples c lass i f i ed as pos i t i ve be fore cul ture were also  s hown 

to be pos i t i ve a f t e r  c u l t u r e , w i th  the cul t u re fluids g i v i ng E SA values  

o f  the  same order  as  those  o f  t he original samples ( t able 3-8 ) . The  ESA 

values o f  the o th e r  t wo samples whi ch were
. 
pos i t i ve be fore cul t u r e  f e l l  

below the c r i t e r i on f o r  pos i t i ves a f t e r  cul tur e . The t wo p os i t i v e  

con t rols  ( PRV and SV20 / 2 1 )  also showed pos i t i ve reac t i ons b o t h  b e f o r e  

and a f t e r  cul ture . All the pos i t ive reac t i ons on cells were n eu t r a l i z e d  

by an t i ro tav i ral an t i body . None of t h e  samples wi th nega t i v e  reac t i on s  

be f o r e  cul ture showed pos i t i ve  reac t i ons in the  ELI SA t es t  a f t e r  

cul t u r e . 
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Table 3- 8 .  ESA values given by environmen tal samples be fore and a f t e r  

culture on HA-I04 cells wi th o r  w i thou t an t i ro t avi ral s erum 

Sample Before Cul tured Cu l t ured 

cul ture wi t h  serum w i thou t s erum 

Dry faeces/Far row i ng 0 . 242 0 . 001 0 . 03 9  

Dus t / Farrowi ng 0 . 160 0 . 000 0 . 208 

Sewag e / Farrowi ng 0 . 7 35 0 . 002 0 . 6 1 9  --. 

Dry faeces /Veaner 0 . 023 0 . 005 0 . 0 1 5  

Dus t lVeaner 0 . 2 1 3  0 . 003 0 . 201  

Dry faeces/Disused wean e r  0 . 1 1 2  0 . 003 0 . 03 6  

Dus t /Di sused weaner 0 . 508 0 . 002 0 . 2 1 1  

Dry faeces/Fat tener 0 . 005 0 . 000 0 . 00 1  

Dus t / Fa t t ener 0 . 007 0 . 001 0 . 00 2  

Dry faeces /Sow 0 . 008 0 . 002 0 . 004 

Dus t / Sow 0 . 001 0 . 004 0 . 000 

PRV 1 . 680 0 . 004 1 . 06 1  

SV201 2 1  1 .  229 0 . 000 1 .  200 

No t e : ESA values equal t o  or grea ter than 0 . 100 were regarded as 

pos i t ive ( under l i ned ) .  
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Vi ral survival i n  med i um and i n  faeces : F i g .  3-7 shows the res u l t s  

o f  t h e  survi val o f  SY20/ 2 1  i n  med ium and i n ' faeces . Ro tav i rus i n  bo t h  

p r e pa ra t i ons survi ved for  t he four mon th per i od wi th  a reduc t i o n  i n  

t i t re o f  abou t 2 10gl O TCIDs o ' V i rus i n  these two prepara t i ons s howed a 

s i m i lar rate  o f  decl i ne i n  t i t re wi t h  0 . 5  log l o each mon t h  . 
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M o n t h s  

F i g .  3-7 . Porcine ro t avi rus ( SY20/ 2 1 )  survi val in medi um (�-- ) and 

i n  faeces (---' ) held a t  room t emperature ( 20-2So C ) . 

3 . 4 . 4  Discus s i on 

S i nce ro tav i ruses are no t read i ly adap t ed t o  , grow th i n  cells , w i t h  

CPE , many techn i ques such a s  E M  and ELISA have been developed t o  d e t e c t 

r o t av i ral an t i gen f rom f i eld  s amples . Howev e r , ne i t her o f  these t e s t s  

can d i s t i ngu i s h  v i rus wh i ch i s  infec t i ous f rom that wh i c h  i s  

non- i n f e c t i ous . Fu r t hermore , Agbal i ka e t  a l . ( 1 985 ) claimed tha t t h e  

E L I SA tes t alone could lead t o  false-po s i t i ve resu l t s , espec i a l ly i n  

d e t e c t i ng ro tav i rus from s l udge . To overcome these d i f f i cu l t ies , t h e  

comb i na t i ons o f  c e l l  cu l t ure , neu t ral i za t ion  and ELISA t es t s we r e  used  

in  this  s t udy . The pos i t i v e  reac t i on found in  samples bo t h  before and 

a f t e r  cul ture , and the i nac t i va t i on o f  t he i n f ec t i v i ty on c e l l  

monolayers when i nocula were pre i n cuba ted wi t h  an t i ro tav i ral an t i body , 

d emons t ra t ed that the ELI SA reac t i v i ty de t e c t ed i n  the samp l e s  f r om t h e  

envi ronmen t of the p i ggery was , i n  mo s t  cases  ( 4/6 ) , due t o  the p r e s en c e  
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o f  i n fec t i ous ro tavi rus . 

The survival o f  human r o tavi rus has been inves t igated i n  d i f f e r en t  

types  o f  waters (Raphael e t  al . 1985 ) . I t  was found tha t t h e  t i t r e  o f  

r o t av i rus was reduced by 2 1 0gi O  i n  raw wa t e r  a f t e r  1 0  days , and i n  tap  

wa t e r  after  64  days , when held a t  20° C .  No  s i gn i f ican t d r o p  in  t i t re 

was found dur ing a 64 day per iod i n  f i l tered wa t e r . In  t he p r esen t 

s t udy , s t rain S�20 / 2 1  o f  porcine rotavi rus was found to surv i ve a t  abou t 

20° C for a �e riod o f  a t  leas t four mon ths wi th  a reduc t i on i n  t i t re o f  2 

10g 1 0 ' The longer survi val t i me o f  the po r c i ne ro tav i ru s  i n  med i u m  and 

faeces i n  this  s t udy ; compared wi th tha t of human rotav i rus i n  t a p  and 

raw wa t e r  ( Raphae l e t  al . 1985 ) may be due t o  the pro t e c t i v e  e f f e c t s  o f  

p r o t ei n s  presen t i n  the medium and faeces . Bov i n e  ro tav i rus ( NCDV ) has 

a l s o  been found to survive for a long t i me ( s even mon t hs )  i n  the  

labora t o ry a t  an  ave rage tempera ture o f  1 8  t o  20° C' ( Voode and B r i dger 

1 9 7 5 ) �  

Group A rotav i ral i n f e c t i on i s  enzoo t i c  i n  p i g  breed i ng herds . In  

s t udies  descri bed i n  sec t ion 3 . 2 and 3 . 3 ,  i t  was shown tha t a l l  o f  the  

p i gl e t s  became naturally i n fe c t ed w i th  the  v i rus by the age of  4 0  day s , 

w i t h  mos t becom i ng i n fec t ed before weaning . The way in  wh i ch r o t av i ral 

i n fec t i o n  is  ma i n t a i ned i n  the  pig herd has no t been fully eluc i d a ted . 

There are a few repo r t s  in  the l i t e rature o f  ro tavi rus be i ng recovered 

f r om adu l t  p igs ( s ows ) ( Benfi e ld et a l . 1 9 8 2 , Co r thier  et al . 1 9 80 ) . 

I f  t h i s  was a common o ccur rence , such in fec ted sows c ould a c t as a 

s ource o f  infec t i on for  young p i gs . However , i n  ligh t o f  the p resent  

work , this  now appears unlikely a t  leas t i n  the  New Zealand s i t ua t i on .  

P revi ous s t ud i es ( s e c t i ons 3 . 2  and 3 . 3 ) showed that . p i gl e t s  were  all  

na turally i n fec ted wi th  ro tav i rus before s ix weeks of  age and had 

e l i m i na t ed infec t i on before they were two �on t hs old . No i n f e c t ed adu l t  

p i gs ( i ncluding s ows ) were detec ted i n  the herd exami ned . Debouck and 

Pens ear t ( 1 983 ) also fai led to d e t e c t  r o t av i ral an t igen i n  faeces  f rom 

sows . Transmi s s i on of ro tavi rus from p i g l e t  to piglet and from l i t t er  

t o  l i t t e r  has been observed . Th i s  sugge s t s  that  con t i nuous t rans m i s s i on 

o f  v i rus from one group o f  young p igle t s  t o  ano ther i s  i m po r t an t  i n  

mai n t a i n i ng the cycle  o f  ro tavi ral i n fec t i on i n  a p i ggery . I n  the 

presen t s t udy , ro t av i ral an t i gen was read i ly demons t ra t ed i n  d u s t and 

d ry faeces from the farrowing house wh i ch had been cleaned and 

d i s in fec ted , and f rom a d i sused weane r  house wh ich had been free  o f  

pigle t s  f o r  three mon t hs . Ro tavi rus was only recovered f r o m  those 

env i ronmen t s  ( s ucking · and weaner hous es ) in wh i ch r o t a v i ral i n fe c t i on 

was also  d e t e c t ed i n  p igs . Fur the rmore , porcine ro tavi rus can survive  
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i n  faeces f o r  a l ong p e r i od ( more than f o u r  mon ths ) . The envi ronmen t a l  

p e rs i s t ence o f  ro t av i rus appea rs to  b e  ano t her impo r tan t f a c t o r  i n  

ma i n t a i n ing the c y c l e  o f  ro tav i ral i n f e c t i on i n  a p i ggery . Young , 

suscep t i b le p i gle t s  could become i n fec t ed w i th  ro tavi rus f rom t he i r  

envi ronment when t he i r  ma ternal an t i body wanes t o  an unpro tec t i ve leve l . 

They may then t ransmi t the v i rus to  o t h e r  p i g l e ts . 

Thus any fu t u re c o n t rol p rograms f o r  group. A ro t avi ral i n fec t i on 

mus t  t ake much grea t e r  cogn i z ance o f  t he po ten t i a l  impo r t an c e  o f  

envi ronmental  s ou r ce s  o f  v i rus . 

3 . 4 . S · Conclusions 

1 .  Group A ro t av i rus is present in the envi ronmen t ( farrow i ng and 

weaner houses ) whe r e  p i gs are f ound to shed ro tav i rus . Ro t av i ra l  

a n t i gen was n o t  de t e c t ed in  fat tener and s o w  houses , wh i ch c o i n c i des 

w i t h  t he fact that  rotav i rus was no t demons t ra t ed i n  fa t t ener  p i gs o r  

s ows . 

2 .  The v i rus d e t e c t ed i n  the samples c o l l e c t ed from the env i ronmen t o f  

M a s s ey P i ggery was i n fec t i ous as repl i ca t i o n  occurred i n  MA- 104 c e l l s . 

3 .  The me t hod devel o p ed for recovering i n d i genous v i ruses . f r om raw 

was t ewa t e r  sl udge ( B rashear and Yard 1 98 1 ) ap peared to be e f f i c i en t  f o r  

recove r i ng ro tavi rus f rom env i ronmen tal samp l e s . 

4 .  Group A ro t avi rus can survive i n  the  env i r onmen� for a l ong t i me .  

The SV2 0 / 2 1  s t rai n o f  po r c i ne rotav i rus survi ved for � t  leas t four 

months  w i t h a reduc t i on in  t i t re of 2 1 0g1 0 • 

5 .  The d e t ec t i on o f  r o tavi rus i n  the envi ronmen t o f  Mas sey P i ggery and 

t h e  survival o f  porc ine ro tavi rus ( SV20/ 2 1 ) in MEM and faeces f o r  a t  

l eas t f our mon ths  s ugges t s  that env i ronmen tal pers i s t ence o f  ro t av i rus 

i s  ano t her impo r t an t  fac tor  in mai n t a i n i ng the cycle of ro t av i ral 

i n f ec t i on i n  p i gge r i es . 
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Chap ter Four 

TRANSFER OF MATERNAL ANTI BODY AGAINST ROTAVIRUS FROM SOliS 

TO PIGLETS AND SEROLOGICAL RESPONSES FOLLOVING NATURAL INFECTION 

4 . 1  INTRODUCTION 

S i nc e  ro tavi rus i s  a maj or cause o f  diarrhoea in the young o f  many 

s pe c i es o f  an i mals i nclud i ng man , e f f o r t s  have been made to i nves t i ga te  

both  pas s i ve and ac t ive i mmun i ty aga i ns t  ro t av i ral i n f e c t i on . H uman 

i n fan t s  acqu i re ma te rnal an t i bod i es in u t ero and via colo s t rum and m i lk 

f rom the i r  mo thers ( McLean and Bolmes 1980 ) . An t i ro t av i ral an t i b ody 

l eve l s  i n  bab i e s ' sera r e f le c t  those of colos t rum and t he i r  mo t he r s ' 

s e ra . S pe c i f i c  an t i ro t av i r a l  an t i bod i es are also  presen t i n  the  faeces 

o f  b r eas t - fed babies two days af t e r  b i r t h. A f t e r  natural i n f e c t i o n  w i t h 

r o t av i rus , an t i body responses , w i th four- fold or  grea t e r  i n c reas e s  i n  

an t i body t i t res , are usua l l y  d e t e c ted in  sera and s i mi lar responses a r e  

a l s o  obs e r ved i n  faeces o f  i n fec t ed subj e c t s  ( B ishop e t  al . 1 984 , 

G r i mwood e t  al e 1988 , Son�a and Holmes 1980 ) . 

Tran s fer o f  ma te rnal a n t i r o t av i ral an t i body f rom s ow t o  p i g l e t  has 

also  been i nves t i ga t ed d u r ing the f i rs t  14 - days after  farrow i ng ( Hess  

and  Bachmann 198 1 ) . An t i body res pons es in sera and in  faeces have a l s o  

b e e n  s t ud i ed i n  exp e r i men tally infec ted pigle t s  (ear t h i e r  and Van n i e r  

1 9 8 3 ) . I n  chap ter  three , t he pat t erns o f  shedd i ng and - t ransmi s s i o n  o f  

ro tavi ral i n fec t i on were s t udied by follow i ng p i glets  from b i r t h  t h ro ugh 

the pe r i o d  o f  greates t sus c ep t i b i l i ty .  In t h i s  chapter , the  dynam i c s  o f  

an t i ro t av i ral an t i body r e sponses o f  these an imals , i nclud i ng the 

t ransfer  and pers i s tence of  ma te rnal an t i body and the d evelopmen t o f  

ac t i ve i mmun i ty fol low i ng natural infe c t i on , was inves t i ga t ed us i ng the 

s t andard i z ed ELI SA t e s t ( s e c t i on 2 . 3 ) .  At t emp t s  were also made t o  

c o r rela t e  the l evels o f  an t i body i n  t he se rum and/or i n  t h e  faeces w i t h  

t he occur rence o f  na tural and experimen tal i n fec t i ons wi th  ro tavi r u s . 

4 . 2  MATERIALS AND METHODS 

Animals : Th ree groups o f  an i mals were used for this  s t udy and a l l  

p i gs were from the Massey P i ggery des c r i bed i n  2 . 1 . 1 .  G r o u p  1 comp r i s e d  

four  s ows ( t wo g i l t s  and t w o  mUl t i parous sows ) and 16 p igle t s  ( fo u r  f r o m  

e a c h  sow ) des c r i bed i n  s ec t i on 3 . 2 .  Group 2 compr ised f i ve s ow s  ( on e  
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g i l t  and four mul t i pa rous s ows ) and 2 0  p i gle ts ( four f rom each sow)  

des c r i bed i n  s e c t i on 3 . 3 .  The management o f  these an i mals i s  d e s c r i bed 

in d e t a i l i n  s e c t i on s  3 . 2  and 3 . 3 ,  respec t i vely . 

Group 3 comp r i s ed two s ows ( mu l t i parous ) and the i r  p i g l e t s  ( t o t al 

1 8 ) . Sow No . 1 had 10  and sow No . 2 had 8 pigle t s .  These p i gl e t s  

w e r e  weaned a t  3 2  days o f  age . Fae cal samples were c o l l e c t e d  f rom sows 

i n t h i s  group f ro m  3 days before farrowing unt i l  wean i ng and from 

p i g l e t s  f rom 4 to 80 days of age . All these samples were ex t rac t ed w i th 

PBS as descr i bed in s e c t i on 2 . 1 . 2 .  

Na tural infec t ion wi th rotavi rus : Shedd ing of ro t av i rus i n  p i gl e t s  

o f  groups 1 and 2 was summari zed in sec t i on 3 . 2  and 3 . 3 , r e s p e c t i ve ly . 

Shedd i ng o f  r o t av i rus i n  p igle t s  o f  group 3 was also exami ned by the 

Dakopa t t s ELI SA ki t ( s ec t i on 2 . 2 ) .  Shed d i ng of haemoly t i c  E . c o l i  was 

also  d e t e c t ed as des c r i bed i n  3 . 2 . 2 .  

Experimental i n fect ion wi th rotavi rus : Four pigle t s  from g r oup 3 

were exp e r i men t a l ly i nocula ted  a t  66 days o f  age wi th ro tavi rus p u r i f i ed 

f rom faeces co l l e c t ed i n  the piggery . For vi rus pu r i f i ca t i on ,  100 g o f  

faecal ma t e r i al f ro m  p i gs shedd ing ro tavi rus was col lec t ed a n d  d i lu t ed 

to 25% in PBS . A f t e r homogen i z a t i on ,  the sample was cen t r i f uged a t  5000 

g f o r  30 m i n . The supe rna tan t  was harves ted and pas s ed t h rough a 0 . 45 

�m m i l l i pore f i l t e r  ( MFS , Dublin , CA , USA) . The final prepara t i on was 

used as the i noculum . Each p igle t was inoculated int ranas ally w i t h  1 ml 

of the v i rus p r e pa ra t i on .  

To con f i rm the i n fec t i v i ty o f  the vi rus prepara t i on ,  four  p igle t s  

a t  three weeks o f  age , whi ch were f r e e  from rotav i ral i n fe c t i on , were 

also inocu l a t ed i n t ranas ally wi th 1 ml  of the prepara t i on .  Fae c e s  from 

these four p i g l e t s  and t h e i r  li t t erma tes ( t ot al n i ne p i gle t s )  were 

collec t ed d a i ly f o r  e i gh t days af ter i noculat ion . The faec e s  were 

exam i ned for g roup  A ro t av i rus by the Dakopa t t s ELI SA ki t . ' The genom i c  

pa t t ern o f  t h e  v i ru s  prepar a t i on was compared wi th t h a t  o f  the  v i rus 

shed by these younge r p i gle ts , af ter infe c t ion , us i ng PAGE as d e s c r i bed 

in sec t i on 2 . 2 .  

Samples : Colos t rum was collec ted from the n i ne sows wi t h i n  2 4  hours 

pos t partum ( pp ) . Samples were adj us ted t o  pH 4 . 6  wi t h  0 . 1  M HC l and 

then cen t r i fuged a t  3000 g for 30 min . The whey was c o l l e c t ed and 

s t ored a t  - 20° C un t i l  us e .  M i lk samples were collec t ed from one sow i n  

group 1 a t  1 0  and 18 days p p  and from four o f  f i ve sows i n  g r o u p  2 a t  1 8  

: �: . . . . .. � . .  '/ ; ; : . � . , . " . ; . " 
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days p p . 

colos t rum . 

These mi lk samp les were processed in  the same way a s  f o r  

Blood samples w e r e  co l le c t ed from p igle t s  in  group 1 a t  5 ,  1 4 , 2 1  

and 30 days of age , f rom p i g l e t s  i n  group 2 a t  9 ,  1 7 , 25 , 3 3  and 5 5  days 

of age , and from p igle t s  in g roup 3 a t  8 ,  30 , 52 , 66 and 80 days o f  age . 

Blood samp les were co l le c t ed from sows i n  group 1 a t  2 ,  8 ,  1 4  and 

2 4  days p p , from sows in group 2 a t  1 ,  16  and 30 days p p , and f rom sows 

i n  group 3 at 8 and 21  days p p .  

De tect ion o f  ant i ro tavi ral ant i bod i es : The levels o f  an t i r o t av i ral 

an t i body were measured i n  colos t rum , m i lk ,  s e rum and faeces f ro m  p i gle t s  

o f  t h e  above three groups by t he ELI SA tes t des c r i bed i n  sec t i on 2 . 3 ,  

us i ng the sheep an t i -p i g  IgG , IgM and IgA ( whole molecu l e )  conj uga t e . 

Colo s t rum , m i lk and se rum was doubly d i lu t ed f rom 1 / 50 t o  1 / 6400 , and 

faecal ex t rac ts f rom 1 1 10 t o  1 1 1 280 . I f  a sample a t  the  h i ghes t 

d i lu t i on s t ill  y i e lded an E SA value over 0 . 100 , this  s ample was f u r t h e r  

d i lu t ed and re t es t ed . C l a s s  s pe c i f i c  an t i bod i es ( i e ,  IgA , IgG a n d  IgM ) 

were also  detec ted by the ELI SA t e s t s  us i ng conj uga tes o f  sheep an t i - p i g  

IgA ( �-chain only ) , IgG ( y- chain only ) and IgM ( �-cha i n  o n ly ) , 

res pec t i ve ly conj uga t ed 

Labora t o r i es ) . These 

w i t h  ho rse-rad i s h  peroxidase ( E i va i  

conj uga t e s  we re used a t  d i lu t i ons o f  1 / 1000 . 

B i os 

A l l  

sera f rom an i mals i n  group 1 and group 3 were a l s o  t i t ra t ed f o r  

neu t ral i z ing an t i bod i e s  by t h e  S N  tes t a s  des c r i bed in  2 . 1 . 7 .  

4 . 3  RESULTS 

Transfer of ma ternal ant ibody f rom s ow to pigle t :  F i g .  4 - 1  shows 

the mean reci p rocal ELISA an t i body t i t res agai ns t ro t av i rus i n  

colos t rum , sows ' sera and p i g le t s '  sera . E i gh t o f  the n i ne s ows had 

an t i ro tavi ral an t i body t i t res  be tween 1 / 1 600 and 1 / 1 2800 in c o lo s t rum , 

wh i le the  o t her one had only 1 / 200 .  All the sows had serum an t i body 

t i t res of 1 / 1 600 to  1 / 1 2 800 at 1 to 3 days pp . All the p igl e t s  acq u i red 

ma t e rnal an t i body and had serum an t i body t i t res  of 1 /800 to 1 / 1 2800 a t  

the  age o f  3 t o  9 days . Compari son o f  the an t i body t i t res i n  c o lo s t rum , 

sows ' s e ra and pigle ts ' s e ra revealed that the an t i body levels i n  

p i g le t s '  sera we re more closely corre l a t ed to  those i n  colos t rum ( w i th  a 

corre l a t ion coe f f i c i en t  o f  0 . 7 9 )  than t o  those i n  sows ' sera ( 0 . 50 ) . 
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Fig . 4-1 .  Compari son of an t ibody t i t res in colos t rum , s ows ' 

and pigle t s '  sera . Ver t i cal bars represen t SO . 

F i g .  4-2 dep i c t s the  d e c l ine of an t i ro t av i ral an t i body i n  mainmary 

s e c r e t i ons wi th  the change f rom colos t rum to  m i l k ,  and i n  s ow ' s sera . 

An t i body t i t res  in  mi lk c o l l e c t ed at  1 8  days pp were 8 t o  3 2  fold  lower 

t han those  in  colos t rum . There was l i  t t Ie change i n  s e rum 

t i t res  in sows dur i ng the p e r i od of i nves t i ga t i on ( one mon t h ) . 
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Fig . 4-2 . Decline of an t i body t i tres in m i lk ( --- ) from one to 18 days 

pp and in sows ' sera (--- ) from par turi t ion to one mon t h  pp . 

Ver t i cal bars represent SO . 
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A f t e r  consum p t ion  of colos t rum , p i g le t s  had an t i body l evels i n  

t he i r  s e ra c omparable t o  those i n  c o l o s t rum . These ma t ernal ly-de r i ved 

an t i body t i t res  dec l i ned rapidly , and in p i g l e t s  of all groups , had 

reached the lowe s t  l evel a t  abou t one mon t h  of age ( F i g .  4- 3 ) .  

...... 3 . 8  
� CI 0 ..... 3 . 8  

• 
CI � -

... 3 . "  
>-" 0 .0 - 3 . 2  c: 

� 
III (J 0 3.0 � 
.9-(J CI 
a: 2 . 8  

1 0  2 0  3 0  .. 0 6 0  8 0  7 0  e o  
A g e  In D a y s  

Fig . 4-3 . The p ro f i le o f  an t i rotav i ral an t i body t i t res i n  sera of 

pigle t s . (A  .) group 1 ,  ( . .) group 2 ,  (. . )  

group 3 .  Arrow i nd i cates average age a t  wh i ch shedding 

of ro tavi rus was f i rs t  detected i n  the par t i cular group . 

An t i ro t av i ral an t i bod i e s  were also d e t e c t ed in the  faeces 

p i gle t s  soon a f t e r  b i r t h . The levels and the decl ine o f  

copro-an t i body i n  the two li  t ters  o f  p i g l e t s  i n  group 3 a re shown 

F i g .  4 - 4 . H i gh l evels o f  an t i body we re d e t ec t ed a t  s i x  and e i gh t  

o f  

the 

in  

days 

of age bu t the copro-an t i body leve l s  d e c l ined rap i d ly and copro-an t i body 

was no t de t ec t ed at 18 day s  of age . 



11 
a 3.0 � 
• • 
.... 
,.. .., 0 
� 2.0 
c 
< 
.. u 0 
.E. u .. 1 .0 
a: 5 

• q\ 
\\� 0" " , � 

" 
."" b" .. ' 

. '0 _ _ _ _ "'" 0 _ _ _  -e _ _  
1 0  1 5  

A g e  in D a y s  

103 

2 0  

Fig.  4-4 . Decline o f  maternally-derived an t i body i n  faeces o f  pigle t s  

. in l i t ter No . 1  ( --- ) and t hose i n  li t ter No . 2  ( --- ) 

i n  group 3 .  

Class spec i f i c  an t i bodies i n  colos t rum and i n  m i lk :  Tabl e 4 - 1  

s ummar i z es t he resul t s  f o r  class spec i f i c  an t i bod i es i n  c o l o s t rum and 

m i lk in f i ve s ows ( one f rom group 1 and fou r f rom grou p  2 ) . 

An t i ro tav i ral an t i bod i e s  o f  IgA and IgG classes were de t ec t e d  i n  a l l  o f  

t he colos t rum s amples b u t  IgM was n o t  d e t e c t ed i n  any o f  them . 

An t i r o t avi ral I gA an t i body levels we re s l igh t ly h i gher than t hose  o f  t he 

I gG c lass . In m i l k  s amp les , bo th  IgA and IgG were d e t ec t ed a t  a low 

l e ve l .  IgM was no t de t e c t ed . 

Tabl e  4-1 Reci procal t i t res o f  clas s  s pec i f i c  an t i ro tav i ral 

an t i bodies i n  colos t rum and milk samples of  f i ve s ows 

Sow No . Colos t rum M i lk ( 1 8 dal':s EE) 

IgA IgG IgM IgA IgG IgM 

1 2 5 600 1 2800 <50 200 50 <50 

2 1600 1600 <50 100 100 <50 

3 2 5600 25600 <50 200 200 <50 

4 3200 800 <50 200 <50 <50 

5 6400 3200 <50 800 800 <50 
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Produc t ion of  an t i body af ter natural i nfec t ion : 

Group 1 :  As summari zed in table 3-3 , 14 o f  the 1 6  p i g l e t s  i n  group 

1 were n a t urally i n fec ted wi th  r o t av i rus be tween 1 3  and 2 4  d ay s  of  age 

( the o t her two shed ro tavi rus for the f i rs t t i me at 27  and 39 days o f  

age , r e s pe c t i vely ) . N o  an t i body i nc rease was detec ted i n  any o f  these  

p igle t s  at  30 days o f  age by  e i ther t he ELI SA ( t able 4-2 ) o r  the SN 

tes t s  ( t able  4 -3 ) . 

Table 4-2 Reci p rocal ELISA an t i body t i t res in sera o f  1 6  p igle t s  

i n  g roup 1 

P i gle t No . Age i n  da�s 

5 1 4  2 1  3 0  

1 1 2800 6400 3200 1 600 

2 6400 3200 1600 800 

3 1 2800 6400 3200 1 600 

4 1 2800 6400 3200 3 2 00 

5 1 600 800 400 200 

6 NT NT NT NT 

7 800 400 400 200 

8 1 600 1600 NT 400 

9 3200 1 600 800 800 

10 3200 1 600 800 400 

1 1  3200 1 600 800 800 

12 3200 1 600 800 400 

13  1 2800 6400 3200 1 600 

14 6400 NT NT 800 

15 1 2800 NT 3200 1600 

16 6400 1 600 800 800 

NT Not tes ted . 
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Table 4-3 Rec iprocal SN an t i body t i tres i n  sera o f  1 6  pigle t s  

i n  group 1 

P igle t No . Age i n  daz:s 

5 14  2 1  3 0  

1 128  32  8 4 

2 64 3 2  1 6  8 

3 128  3 2  8 4 

4 3 2  1 6  8 4 

5 <2 <2  <2  <2  

6 <2 <2  <2  <2  

7 4 <2  <2  <2 

8 <2 <2 <2 <2 

9 1 6  4 <2 <2 

10 64 16 4 4 

1 1  3 2  8 4 <2 

12 32 8 <2 <2 

1 3  32  16  8 8 

14  1 6  8 NT 8 

15  3 2  NT 4 .  4 

16  1 6  4 2 <2  

NT No t tes ted . 

Du r i ng the pe r i od o f  i nves t i g� t i on , no i n c reas e i n  an t i b6dy t i t res 

was d e tec ted by the ELISA t e s  t i n  any o f  t h e  four s ows i n  t h i s  group 

( t able 4-4 ) , bu t in the two gi l t s ( sows No . 2 and 4 ) ,  r i s i ng t i t re s  o f  

an t i body aga i ns t ro tavi rus were de tec ted by the SN tes t ( t a b l e  4-5 ) . 

An t i body t i t res did no t increase in t he two mul t i parous s ows d u r i ng the 

s ame pe r i od . 

I 
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Table 4-4 Rec i p rocal ELISA an t i b ody t i t res  i n  s e r a  o f  four 

sovs i n  group 1 

Sow No . Days pos t pa r tum 

2 8 14 24 

1 3 200 3200 3 200 3200 

2 1 600 1 600 1 600 1 600 

3 6 400 6400 3 200 3 200 

4 6 400 6400 6 400 6400 

Table 4-5 Reci p rocal SN an t i body t i t res  in s e ra of four 

s ovs i n  group 1 

Sow No . Days pos t par tum 

2 8 14 24 

1 3 2  32 3 2  32 

2 <2 <2  4 8 

3 16 1 6  1 6  1 6  

4 4 8 8 16 

Group 2 :  All p i gle t s  in group 2 were i n fe c t ed a t  ages f rom 19 to 34 

days ( see table 3- 6 ) , bu t r i s i ng an t i body t i t res were no t d e t e c ted  in 

any of these p i gle t s  at 33 days of  age us ing ELISA ( see F i g .  4- 3 ) . A t  

55 days of  age , 70% of  these piglets  had r i s i ng an ti body t i t res wi th  a 2 

to 1 6  fold i ncrease . None o f  the sows had r i s i ng ELI SA an t i body t i t re s  

d u r i ng the p e r i od o f  inves t iga t i on .  

Group 3 :  None o f  the p i gle t s  i n  g roup 3 shed ro t av i rus before b e i ng 
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weaned a t  3 2  days o f  age . I mmed i a tely a f t e r  wean ing ( 3-5 d ays ) ,  a l l  o f  

thes e pigle ts  shed r o t av i rus ( be tween 35 and 3 8  days o f  age ) . P i gle t s  

born  o f  sow No . 2 shed group A ro tavi rus one  t o  three days e a r l i e r  than 

d i d  those born o f  s ow N o . 1 .  The duia t i on of shed d i ng i n  these p i gle t s  

was f rom 4 to  6 d ays . N i ne piglets  deve l o ped d i arrhoea f o r  one t o  two  

d ay s  soon  a f t e r  ro t av i rus was  de tec ted . Fou r  o f  the 18 p i g l e t s  shed  

haemo ly t i c  E . co l i  t wo t o  t h ree days a f t e r  wean i ng and ano t h e r  f i v e  shed 

the bac t e r i a  18 t o  21  d ays a f t e r  weaning .  The d u ra t i on o f  shedd i ng o f  

haemo ly t i c  E . col i was abou t two days . None o f  the faecal s amples  f rom 

t h e s e  piglets  showed a pure  grow th of haemo ly t i c  E . coli  and none o f  the  

p i g l e t s  d evelo ped d i a r rhoea ass ociated wi t h  the  infec t i on of  haemo ly t i c  

E . co l i . 

Fig . 4-5 d ep i c t s  t he p r o f i l e  of an t i ro t av i ral an t i body i n  p i gl e t s  

o f  group 3 as d e t e c ted  by ELI SA and SN t e s t s . From the res u l t s  o f  t h e  

S N  t es t ,  increases i n  an t i body t i t res were  de tec ted i n  t h e  s e r a  

c o ll e c t ed a t  52  d ays o f  a g e  ( 1 4 to 17  days a f t e r  shedd i ng o f  r o t a v i rus ) 

f r o m  all  the · p i gle t s  o f  t h i s  group . The i n c rease was be tween f o u r  and 

e i gh t fold in ind i v i dual pigle t s .  No f u r ther  inc reases in an t i body  

t i t re s  were d e t e c t ed i n  these an i mals a t  6 6  and 80 days of age by the SN 

t es t .  From the resu l t s  o f  the ELI SA t es t ,  n o  r i s ing an t i body t i t re s  

we r e  d e t e c ted in s e r a  c o l lec ted , at  52  days of  age f rom any o f  these 

p i g le t s .  Th i r t een ( 7 2 % )  o f  the 1 8  pi g l e t s  h ad r i s ing ELISA an t i body  

t i t re s , wi th  a two to  e igh t fold increase i n  t i t re in the s e r a  col l ec t ed 

a t  6 6  d ays o f  age . I n  e i gh t p i gle� s t he a n t i body t i t res con t i nued t o  

r i s e by 8 0  days o f  age w i t h  a further two t o  e i gh t fold  i n c reas e .  

Dur i ng the p e r i o d  f rom 5 2  t o  80 days o f  age ,  1 4  ( 78% ) o f  the  1 8  p i gle t s  

had r i s i ng an t i ro t avi ral  an t i body t i t r e s  as d e t ec ted by the ELI SA t e s t 

w i t h  a two to  1 6  fold  i n c rease ( mean o f  7 . 3 f o ld ) . All the  p i gl e t s  i n  

l i t t e r  No . 2 ,  and four  o f  the 1 0  p igl e t s  i n  l i t ter  No . 1 ,  had r i s i ng 

ELI SA an t i body t i t res d u r i ng the peri o d  o f  i nves t iga t i on . 

Fo l l owing na tur.al i n f ec t i on wi th r o t av i rus , none o f  t h e  p i gle t s  

f ro m  these three groups had ris i ng fae cal a n t i body t i t res a s  de t ec ted  b y  

t h e  E LI SA t es t .  
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Fig . 4-5 . An t i ro tavi ral an t i body profile in  p igle ts of  group 3 as 

d e tec ted by ELISA ( upper l ine ) and SN ( lower l ine) . 

Ver t i cal bars represent SD . Arrows i nd i cate age a t  whi ch 

shedding o f  group A ro tav i rus was f i rs t  de tec t ed . 

Class spec i f i c  an t i bo d i es aga i ns t ro tavi rus wer e  also measured i n  

the  s e ra o f  f i ve p igle t s  i n  group 3 f rom b i r th t o  80 days o f  age ( F i g . 

4 - 6 ) . IgA and IgG were d e t ec t ed i n  all o f  t he s e ru m  samp l e s , bu t IgM 

was not  d e t e c t ed i n  any of these samples . IgA an t i b ody levels w e r e  

s l i gh t ly h i ghe r than those o f  IgG in samp les co l l e c t ed 9 d ay s  a f t e r  

b i r t h .  Howeve r , fol lowing na t u ral i n fec t i on ,  i nc reases i n  an t i body 

t i t res o c cur red more i n  the IgG f rac t i on than in  t h e  IgA f r a c t i o n . 
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Fig . 4-6 . Pro f i le of class spec i f ic an t i bod i es agains t ro tavi rus 

in  sera of  five pigle ts in  group 3 from b i r th t o  80 days 

of  age . ( L.J ) IgA , ( L.....t ) IgG , ( - ) IgH . Ver t i cal bars 

represen t SD . 
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Exper imen tal i n fe c t ion : Four p i g s  ( t wo f rom each l i t t e r )  f ro m  g roup 

3 were i n f e c t ed at 66 days of age wi t h  one ml of v i rus p repara t i o n  as 

des c r i bed i n  the ma t e r i als and me thod s .  U p  t o  80 d ays o f  age , none o f  

these p i gs deve loped d i a rrhoea o r  shed t h e  v i rus , o r  had a n  i nc rease  i n  

S N  an t i body t i t r e  ( t able 4-6 ) . Two p ig l e t s  had four and e igh t f o ld 

i n c reases i n  an t i body t i t res aga i ns t r o tav i rus as d e t ec t ed by t he ELI SA 

tes t .  Nei ther o f  t he p i gle t s  had r i s i ng an t i body t i t res  at  6 6  d ay s  o f  

age f o l l ow i ng na t u r a l  i n fe c t i on a t  abo u t  38 d ays o f  age . Non e  o f  the 

o ther  1 4  l i t t e rma t e s , wh i ch were not i nocula ted , dev e l o ped d i a r rhoea or 

shed the v i rus . S i x  o f  these 14 l i t t e r ma t es , howeve r ,  had r i s i ng 

an t i body t i t res  w i t h  t wo t o  four fold i nc reases  by the ELI SA t e s t  d u r i ng 

the 1 4  d ay p e r i od , b u t  no increases i n  an t i body t i t re we r e  d e t e c t ed b y  

t h e  S N  t es t .  

Table 4-6 Rec i procal o f  an t ibody t i tres i n  s era o f  four pigs before and 

after i n t ranasal inoculat ion o f  ro t av i rus at 66 days of  age 

P i gl e t  No . SN ELISA 

66 ' 8 0  6 6  80 

1 32 3 2  400 3 200 

2 64 32 400 400 

3 256 256  1 600 6 400 

4 256 256 6400 6 400 

, Age i n  d ays . 

When four young p i g l e t s  ( t hree weeks o f  age ) were i nocula t ed w i th  

the  s ame v i rus p repara t i on ,  all  s hed t he v i rus in the i r  faeces three  

days a f t e r  i nocula t i on . O t her l i t te rma t e s  also  shed the v i rus f o u r  t o  

s i x  days a f t e r  t h e  f o u r  p igle t s  were i n o cul a t ed . The v i rus recovered 

f rom these p i gle t s  s howed the same pat tern by PAGE as t h a t  o f  t he v i rus 

i n  the i noculum ( F i g .  4 - 7 ) . Sera from these p i gle t s  we re no t t e s t ed 

f o r  ant i ro t av i ral  an t i bo d i es . 
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Fig . 4-7 . RNA pat t erns o f  r o tavi rus i n  the i no culum and i n  the faeces 

o f  expe r i mentally infec t ed p igle t s . Lane A:  v i rus i n  the 

inocu lum ; Lane B :  co-elec t rophores i s  of  samples i n  Lanes A 

and C ;  Lane C :  v i rus recovered f rom the faeces o f  i nf e c t ed 

animals . E l e c t rophores i s  was from top  t o  bo t tom . 
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Cor re la t i on b e tween levels o f  an t i body and r o tav i r a l  i nfec t ion : The 

shed d i ng of r o tavi rus in a l l  p i gle t s ,  inc lud i ng the s e cond epi sode  o f  

shed d i ng in some p i gle t s  i n  group 2 ,  occurred when t he ave rage ELISA 

an t i body t i tres i n  the  sera were below 1 / 1 600 ( reci procal t i t re 3 . 2  x 

10g 1 0 ) ( see F i g .  4 - 3 ) . 

In group 1 ,  r o t av i ral s hedd ing occur red ear l i e r  i n  p i gle t s  f ro m  the 

t wo g i l t s  than in those f rom the two m u l t i parous sows ( s e e  t ab l e  3-5 ) . 

P i g l e t s  f rom one o f  t he g i l t s had v e ry low levels o f  ma t ernal an t i body 

( se e  table 4 - 2  and 4 - 3 )  ass o c i a ted wi t h  the l ow an t i body l ev e ls i n  the 

colos t rum o f  t he i r  dam ( 1 / 200 ) , wh i le p i gle ts f rom t h e  o t h e r  g i l t  had 

ELISA and SN an t i body level s  comparab l e  to those f rom mul t i p arous sows . 

P i g l e t s  ( No .  9 - 1 2 ) f rom one mul t i parous s ow (No . 3 )  shed r o t av i rus 

l a t e r  ( see table 3 - 3 ) , bu t t hey did no t have h igher ELI SA or SN an t i body 

t i t re s  t han those f ro m  the o t her mul t i parous s ow (No . 1 )  ( s ee t ables 

4-2  and 4-3 ) . 

I n  group 2 ,  p i g l e ts  f ro m  all the f i ve l i t ters had s i m i la r  levels o f  

ma t e rnal an t i body , as meas u red b y  the ELI SA t es t , wi th  t i t res r angi ng 

f ro m  1 / 3 2 00 t o  1 / 1 2800 . Ro tavi ral shed d i ng occurred f i rs t  i n  p i gle ts  

f ro m  sow No . 1  wh i ch was housed in one farrow i ng room w i t h  o t her  o lder  

p i g le t s , t hen in  p igle t s  f rom sow No . 2  whi ch was hous ed closes t to  the  

door  o f  ano the r farrowing room . F i nal ly , p igle t s  from sows No . 3 ,  4 

and 5 s t a r t ed t o  shed the v i rus . Thes e  p i gle t s  were housed  w i t h p i gle ts  

o f  s ow No . 2 .  The r e f o re , the shedd i ng of  r o t av i rus i n  p ig l e t s  of  this  

coho r t  occurred d e pend i ng on where they  were  s i tuated i n  the  f a r r owing 

un i t  ( s ee sec t i on 3 . 3 ) . 

I n  group 3 ,  r o t a v i ral s hedd i ng d i d  no t occur un t i l  p i gle t s  w e r e  3S 

days of age . Serum an t i body t i t res in these p i gle ts  a t  30 days o f  age 

we r e  be tween 1 / 800 and 1 / 1 600 as d e t e c t ed by the ELISA t es t  and b e tween 

1 / 8  and 1 / 3 2 as d e t ec t ed by the SN t es t , wh i le faecal an t i body had 

decl i ned t o  l evels unde tec t able in the ELI SA t es t  by 18 d ays o f  age ; 'At  

6 6  d ays o f  age , f o u r  p i gle t s  were inocula t ed wi th ro t av i ru s  p u r i f i ed 

f ro m  faeces f rom p i gs i n  the same p i gge ry , but none o f  them be came 

i n f e c t ed as j udged by the shedd ing of t he vi rus , developme n t  o f  

d i a r rhoea or  inc reases i n  SN an t i body t i t res . Howev e r , r i s e s  i n  

an t i body t i t re s  w e r e  d e t e c t ed in two p i gle ts b y  the ELI SA t e s t .  
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4 . 4  DISCUSSION 

I nves t i ga t i ons have been conduc ted to d e t e c t  an t i ro t av i ra l  

an t i bo d i es i n  sow ' s colos t rum and m i lk ( Askaa e t  al . 1983 , Co r t h i e r  and 

F ranz 1 9 8 1 ) ,  and to s t udy the t rans fer of an t i body f rom s ows t o  p i gle t s  

( Hess  and Bachmann 1 98 1 ) .  These inves t i ga t i ons are  further  extended i n  

t h e  present  s t udy by measu r i ng the levels o f  an t i ro tav i ra l  an t i body i n  

s ow ' s  colos t rum , m i l k  and s e ra , and i n  pigle t ' s  s e r a  and faeces , and by 

compa r i ng the levels of an t i body to epi s odes o f  na t u ra l  r o t av i ra l  

i n fec t i on th r oughout t h e  p e r i od o f  grea tes t suscep t i b i l i ty .  

The resul t s  f rom this  s t udy on the levels o f  an t i ro t av i ra l  an t i body. 

i n  colos t rum and milk  and on the trans fer of an t i body f rom s ows t o  

p igle t s  a re i n  agreemen t w i th those �epo r t ed b y  Hess and Bachmann 

( 1 98 1 ) .  The t i t res of an t i ro tav i ral an t i body in c o l o s t rum and sera f rom 

s ows , and pigle ts ' sera are comparable , bu t serum an t i body t i t re s  i n  

p i gle t s  are more closely c o r rela ted t o  those i n  colos t rum ( 0 . 7 9 )  t han t o  

t hose i n  sow ' s sera ( 0 . 50 ) . M i lk samples con t a i ned very l ow levels o f  

an t i body . 

Class s p e c i f i c  an t i ro t a v i ral an t i bod ies have also been s t ud i ed i n  

colos t rum.  Hess and Bachmann ( 1 98 1 )  obse rved tha t the l eve ls o f  I gA and 

IgG were very h i gh and s i mi lar , bu t IgH was e i the r n o t  d e t ec t e d  o r  

d e t ec t ed at  a very low leve l . However , Co r t h i e r  and F ranz ( 1 98 3 )  f ound 

tha t the t i t res o f  a l l  t hree classes o f  an t i bod ies were h igh i n  

colos t rum , bu t IgG was the p redomi nan t frac t i on .  I n  the p resen t s t udy , 

b o t h  IgA and IgG t i t res we re very high wi th  IgA t i t res s l igh t ly h i gh e r  

t han I gG ,  wh i l e lgH was no t de tec ted . These resul t s  are m o r e  s i m i la r  t o  

those o f  Hess and Bachmann ( 1 98 1 )  than to those o f  Co r t h i e r  and F ranz 

( 1 98 1 ) . 

A f ter consump t i on o f  colos t rum,  an t i ro t av i ral an t i bod i es w e r e  

de t ec t ed , no t only in t h e  s e rum , bu t also i n  t h e  faeces o f  p i gle t s . The 

levels of ma t e rnal an t i body i n  faeces dec l i ned more qui ckly than t ho s e  

i n  serum and b y  1 8  days a f t e r  b i r t h , n o  faecal an t i body was d e t e c t e d . 

Faecal an t i body has also been de tec t ed in breas t - fed i n fan t s  two d ays 

a f t e r  birth  ( McLean and Holmes 1980) . 

T he pro t e c t i ve e f fec t s  o f  ma te rnal ly-d eri ved an t i ro t av i ra l  an t i body 

aga i n s t rotavi ral infec ti ons have not been fully elucida ted . In man , 

ro t av i ral i n f e c t i on occurs mos tly in young ch i ld ren between s i x and 2 4  
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mon ths o f  age bu t v e ry ra rely i n  neona t es ( l ess than s i x  mon t hs o f  age ) 

( see sec t i on 1 . 3 ) .  This  phenomenon has been a t t r i bu t ed t o  

ma t e rnally -d e r i ve d  a n t i body e i the r acqui red in u t ero o r  f rom colos t rum , 

the p resence o f  enzyme i nh i b i t o rs in human co los t rum and m i lk ( McLean 

and Ho lmes 1980 , 1 9 8 1 ) and the low concen t ra t i on of p r o t e o ly t i c  enzymes 

in t he neona t a l  gu t ( Vo l f  et al . 1981 ) .  B reas t- fed bab i es were found 

to b e  i n fec ted w i t h  r o t av i rus much less f requen t ly t han were b o t t le- fed 

bab i es ( Ch rys t i e  e t  a l . 1 9 7 5 , To t terdell  et al . 1 9 7 6 ) .  These au tho rs , 

howeve r ,  l a t e r  f ound no correla t i on be tween the levels o f  a n t i ro tav i ra l  

an t i body i n  mothe r s ' c o l o s t rum and milk and prot e c t i on o f  t he i r  bab i es 

f rom i n f e c t i on by r o tavi rus (Tot terdell e t  al . 198 2 ,  1983 ) .  A 

c o r r e l a t i on between p r o t e c t i on and the p resence o f  en zyme i nh i b i t o r s  i n  

c o l o s t rum and m i lk w a s  n o t  found in those s t ud ies  e i the r . Fu r thermore , 

no s igni f i can t d i f f e r ences were observed by o t her wo rke rs ( Ve i nberg e t  

a l . 1 984 ) be tween b reas t - and bo t t le- fed bab ies  i n  e i t he r  the  numbers 

of babies i n f e c t e d  wi t h r o t avi rus or the ave rage age at  i n fe c t i on .  

In p i gs , ro t av i ra l  i n fec t i on occurs mos t ly i n  t h ree 

o l d  p i gle t s , bu t r a r e l y  in pigle t s  unde r  ten days of age . 

t o  s i x  weeks 

T h i s  has also  

been a t t r i bu t ed to  t h e  p resence of ma t e rnally-deri ved an t i bo d i es ( Bohl 

1 9 7 9 , Debouck and P e n s ae r t  1983 , U t rera et  al .  198 4 ) . I t  has been 

r e po r t ed t h a t  c o l o s t ru m  f rom g i l t s had lower levels o f  an t i ro t avi ral 

an t i body t han t h a t f rom mul t i pa rous s ows . P igle ts  born of g i l t s 

cont r a c t ed ro t av i ra l  i n f ec t i on " ea r l i e r  i han those botn o f  mu l t fparous 

s ows ( Askaa e t  a l . 1 98 3 ) . In the presen t s t udy , i t  was f ound t h a t  

mate rnally-de r i v e d  a n t i body i n  s erum , as de tec ted b y  bo t h  ELISA and SN 

t es t s , decl ined t o  a l ow l evel at three to f i ve weeks of age and faecal 

an t i body was no t d e t e c t ed a t  18  days of age . Th i s  co i n c i ded w i t h  the 

o ccu r r ence o f  i n f e c t i on by ro tavi rus obse rved in this s t udy and r e po r t ed 

by o t he rs ( Bohl e t  a l . 1 9 7 8 . Debouck and Pensae r t  1 983 , U t r e ra e t  a l . 

1 9 84 ) . All  the p i gl e t s  i n  t h i s  s tudy shed ro tav i rus when t h e  mean ELI SA 

an t i b ody t i t e r s  f e l l  below 1 / 1 600 ( equ i valent to SN an t i body t i t res o f  

1 / 8  t o  1 / 1 6 ) i n  t h e  r e s pe c t i ve groups . A l l  these resul ts i nd i ca t e  tha t 

ma t ernally-de r i ve d  an t i body i s  protec t i ve agains t  natu r a l  ro tavi ral 

i n fe c t i on d u r i ng t h e  neona t al pe r i od .  Howeve r ,  a corre l a t i on be tween 

the levels of m a t e rnal  an t i body and the occurrence of r o t av i ral 

i n fe c t i on was no t o b s e rved i n  i nd i v idual l i t ters o f  p i g l e t s  i n  the  

p resent  s t udy . P i g l e t s  born o f  the two g i l t s  i n  group 1 s hed r o tavi rus 

e ar l i e r than t h o s e  o f  the mul t i parous sows . Pigle ts  f rom one of the 

g i l t s  had low a n t i body  t i t res i n  se rum , as d e t e c ted by b o t h  the ELI SA 

and SN tes t s .  An t i body  levels o f  p i gle t s  f rom the o t her g i l t  were h i gh 

and were c ompar a b l e  t o  those o f  p i gle t s  f rom the mUl t i parous sows . 
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P i g l e t s  from one mul t i parous sow had t h e  h i ghes t level o f  E LI SA and SN 

an t i bod i es , bu t they shed ro t avi rus only 3-4 days af ter p i gle t s  f ro m  the  

g i l t s  commenced shedd i ng the  v i rus . The p igle ts f rom the o th e r  

mUl t i parous sow d i d  not  have such h i gh an t i body levels , y e t  t h e y  shed 

t he v i rus much l a t e r  than p i gle t s  f rom any o t her l i t t e r . I n  group  3 ,  

p i g l e t s  f ro m  sow No . 1 had l owe r an t i body levels than those f rom s ow 

No . 2 ,  bu t p i gle t s  f rom s ow No . 2 shed r o t av i rus ear l i e r than t hose  

f rom sow  No . 1 .  I n  each o f  these three groups o f  pigle t s , usua l l y  one 

or t wo p i g l e t s  f rom a l i t ter  s t ar t ed t o  shed r o t a v i rus , then  t he 

i n f e c t i on s p read to  o t her  p i glets  i n  the same l i t ter  and f i na l l y  t o  

p i g l e t s  i n  o t h e r  l i t ters . The pa t t ern  o f  t ransmi s s i on o f  r o t a v i ral  

i n f e c t i on was  rela ted t o  the loca t i on o f  the  pigle t s  w i t h i n  t he 

far r ow i ng house bu t n o t  t o  the leve l s  o f  an t i rotav i ral an t i body i n  

i nd i v i dual l i t t e r s . The only exce p t i on was wi th  p igle ts  f rom s o w  No . 3  

i n  group 1 .  Two o f  the four  p igle ts  i nves t iga t ed shed the v i rus f o r  t he 

f i r s t  t i me a t  2 7  and 39  days o f  age ; t h i s  was much l a t e r  than o th e r  

p i g l e t s  i n  the s ame group . Howeve r ,  p i g l e t s  f rom this  l i t t e r  d i d  n o t 

have the h i ghes t level o f  an t i body for that  groups . 

From these resul ts , i t  i s ,  there f o r e , p o s t u l a t ed tha t young p i gle t s  

a r e  usually pro tec t ed aga i ns t r o t av i ra l  i n fe c t ion dur i ng the f i rs t  one 

or t wo weeks of l i fe .  As the an t i bo d i es f rom some p i gle ts  wane to a 

l ow , unpro t ec t i ve l evel , these p i g le t s  could become i n f e c t e d  f rom o th e r  

i n f e c t ed animals o r  f rom a con t ami na ted env i ronmen t .  These i n i t i al ly 

i n f e c ted animals are capab l e  o f  ampl i fy i ng the infe c t i o n .  The l arge 

amoun t of ro tavi rus shed by these i n i t i a l ly infec t ed anima l s  w i l l  

eve n t ua l ly ove rcome the p r o t e c t i ve e f f e c t s  o f  even qu i t e  h i gh levels  o f  

ma t e rnally-d e r i ved an t i body i n  o t her p i gle t s  o f  the same grou p . Th i s  

pos t ula t e  i s  suppo r t ed b y  the experimen t car r i ed out by Lecce e t  a l . 

( 1 9 7 8 ) , i n  wh i ch a s t eady bu i ld up o f  r o t avi ral i n fec t i on o f  i nc reas i ng 

c l i n i cal seve r i ty was obse rved i n  pigl e t s  when t hey were weaned a t  one 

day of age and i n t roduced con t inuous ly to a nursery w i thou t i t  b e i ng 

fur t he r  fumiga t ed .  Subs t an t ial  evidence t o  s ugges t  t ha t  the  pro t e c t ive  

e f f e c t  o f  ma t e rnally-de r i ved an t i body agains t ro tav i rus depends on the  

level  o f  the  chal lenge dose  has been repo r ted in o ther s pe c i es o f  

an i mals . H i gh levels o f  an t i body i n  colo s t rum and mi lk fed t o  calves 

d i d  no t p reven t i n fe c t i on when t hey were challenged wi th  a h i gh dose of 

ro t av i rus ( 10 1 1  par t i cles/g ) ( Snodgrass et a l . 1 980 ) . Fahey e t  a l . 

( 1 98 1 )  found that  pas s i ve an t i body p r o t ec ted l ambs f rom expe r i men tal  

i n f e c t i on wi th  a smal l e r  dose o f  r o t a v i rus ( 10 7 par t i cles/ ml ) .  Conner 

and Darl i ng t on ( 1 980 ) also sugges t ed that  a bu i ldup of r o t av i rus t o  a 

level exceed i ng the pro t e c t ive e f f e c t s  o f  colos t ral an t i body a c c ou n t ed 
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f o r  t he e p i d emics  o f  r o t avi ral i n f e� t i on among f oals i n  nurse r i es i n  

Ken tucky . 

I n  the s t anda rd i z a t i on of the  ELI SA t es t used in the p resen t s t udy 

( see s e c t ion 2 . 3 ) , a correla t i on coef f i c i en t  of  0 . 8 2 was achieved  

be tween the  r esul t s  o b t a i ned by  this  ELI SA test  and a SN  tes t .  I n  t he 

p resen t s t udy , i t  a ppeared t h a t  t he ELI SA ant i body t i tres  correla t ed 

w i t h  SN t i t r e s  in samples f rom an i mals w i th pas t i n fe c t i on and f ro m  

young animals wi t h  pas s i ve ly-acqui red an t i body . The ELI SA tes t fai l e d  

t o  d e t e c t a n  immed i a t e  an t i body response i n  two g i l t s w i th subcl i n i c a l  

r o tav i ra l  i n f e c t i on and d i d  n o t  de tec t r i s i ng an t i body t i t res  in an i m a l s  

t wo t o  t h ree weeks a f t e r  na tural i n fec t i on as  d i d  the S N  tes t .  Howeve r ,  

t h e  ELISA tes t d e t e c ted such a response i n  70% of an i mal s , abou t one 

mon th a f t e r  SN an t i body was f i rs t  � e t e c ted . As d i scussed i n  s e c t i on 

3 . 3 ,  t he s e  d i f ferences be tween the  ELI SA and the SN tes t s  may be  due t o  

t h e  fac t tha t t he two tes t s  d e tec t d i f fe ren t an t i bod i e s . Serum 

neu t ra l i z i ng an t i body has been r egarded t rad i t i onally as t h e  i nd i ca t o r  

o f  exposur� t o  v i rus and res i s tance agains t i n fe c t i on . Serum 

neu t ra l i za t i on ,  i n  the case of  ro t av i ru s , d e t e c t s  an t i bod ies  aga i n s t t h e  

o u t e r  caps id  prot eins ( i . e .  VP7 and VP3 ) whi ch are res pons i bl e  f o r  

neu t ra l i za t i on speci f i c i t i es  (Gree nberg e t  al . 1 983a , c ,  Ka l i ca e t  a l . 

1 98 1 b ,  O f f i t and Blava t 1986 ) . ELI SA , on the o ther hand , d e tec t s  any 

a n t i bod i es r eac t i ve t o  the an t i gens coa ted on to t he pla tes , i nclud i ng 

t h e  i nner  caps id  as we l l  as t he o u t e r  caps i d  pro t e ins . Ano t h e r  

explana t i on could b e  t ha t  anima l s , a f t e r  i n fe c t i on , �es pond t o  t h e  ou t e r  

caps i d  p ro t e i ns f i rs t  and then t o  o t her  v i ral componen t s  such a s  t he 

i nn e r  caps i d  prot e i ns o f  the v i rus . I t  i s  also poss i b l e  t ha t , due t o  

t he me thod o f  p repara t i on ,  the ELI SA an t i gen may have cons i s t ed 

p redom i nan t ly o f  s i ngle shelled par t i c les  and thus d i d  no t p ar t i cularly  

d e t e c t  an t i bod ies aga i ns t the o u t e r  caps i d  proteins  wh i ch were ' i nvolved 

i n  neu t r al i z a t i on .  Poor a f f i n i t y  of the an t i body produced early a f t e r  

i n fe c t i on may also accoun t for the fai lure  o f  the ELI SA t o  d e t e c t an 

i mmed i a t e an t i body response ( Bul ter  e t  al . 197 8 ) , howeve r t h i s should 

also a p p ly to  the det e c t i on of  SN an t i bod i e s . 

Repea ted i n fec t i ons w i th r o t av i rus have o f ten been repo r t ed e a r ly 

i n  l i fe i n  c h i ld ren ( B i shop e t  a l . 1 98 3 , Chiba e t  a l . 1986 , Ma t a  e t  

a l . 1 9 8 3 ) and in o t her an i mals ( De bouck and Pensaert  1983 ) . I n  t h e  

p re s e n t  s t udy , re pea ted in fec t i on wi t h  ro tavi rus at  i n t e rvals o f  abou t 

1 0  days was observed i n  f i ve o f  1 6  an i mals i n  group 1 and nea r ly hal f  o f  

t he surv iv i ng p i gle t s  i n  Jroup 2 during the f i r s t  two mon ths o f  t he i r  

l i f e .  This  i s  poss i b ly due t o  the weak i mmuni ty induced by the f i rs t 



l I b  

e p i sode o f  i n f ec t i on s i nce at  t h e  second t i me o f  shedd i ng ,  the mean 

ELISA an t i body t i t res we re s t i l l unde r  1 / 1600 . Yeak i mmun i ty produced 

by ro tavi rus has also been des c r i bed in ch i ld ren . Ch i ld r en w i t h  e a r l y  

i n fec t i on wi th  ro t av i rus du r i ng t h e  f i rs t  s i x mon ths o f  t he i r  l i f e had 

f u r t h e r  ro tavi ral i n fec t i ons dur i ng the subs equen t three years al t hough 

t he seve r i ty of d i ar rhoea was reduced dur i ng subsequen t i n fe c t i ons when 

compared w i th  those chi ldren who did not expe r i ence infec t i on early i n  

t h e i r  l i fe ( B i shop e t  a l . 198 3 ) . 

I n  the  p r esent s t udy , none o f  the pi gs exami ned shed ro t av i rus over  

t wo mon ths  o f  age e i ther under n a t u ral cond i t i ons or a f t e r  experi men t a l  

i nocula t i on w i th pur i f i ed ro tav i rus from faeces . The res i s t ance o f  

t hese o lder p i gs t o  i n f ec t i on b y  rotav i rus cont ras t s  w i t h  repo r t s  b y  

o t her workers . Grom e t  al . ( 1 984 ) de t e c t ed ro tav i rus i n  abou t 1 5% o f  

f a t tener p igs ( over two mon th s  o f  age ) b y  ELI SA . Jes t in ( 1 984 ) 

succe s s fully i n fec ted s pec i f i c  pat hogen f ree ( SPF ) fa t t ener p igs ( ov e r  

7 0  kg ) b y  plac ing t h e s e  p igs i n  con tac t w i th ro tavi rus i n fe c t ed p i gl e t s  

f rom a non- SPF herd . Bernard e t  a l .  ( 1 984 ) also success fu l ly i n f e c t ed 

c onven t i onally- reared fat tener p i gs by expe r i men t al inocu la t i on wi t h  the 

O SU s t ra i n  o f  ro tavi rus . These d i scre pancies  may have been d ue t o  the 

i mmune s t a t us o f  an i mals s t ud i ed . I t  is no t surp r i s i ng tha t older SPF 

p igs became i n fe c t e d  w i th ro tavi rus when they we re put in con tac t w i t h  

r o t av i rus i n f e c t ed pigle t s  (Jes t i n 1984 ) , s i nce these S P F  p igs d i d  n o t  

h ave any spec i f i c  res i s tance t o  ro tav i rus . The sus cep t i b i l i t y  t o  

i n fec t i on o f  conven t i onally-rea red f a t t ener p igs i n  France w i t h  t h e  OSU 

s t rain of porc ine r o t av i rus ( Be rnard e t  al . 1984 ) may have been due t o  

the fac t tha t t h e  v i rus c i rcula t i ng i n  the p ig popu l a t i o n  i n  F rance 

belonged t o  a d i f ferent  sero type from tha t of the OSU s t ra i n ,  wh i ch 

o r i g i n a t ed i n  the USA ( Bohl e t  a l . 1984 ) . There f o r e , any i mmun i ty 

i nduced by pr i or exposure t o  the French s t rain o f  rotav i rus may no t have 

been s u f f i c ient  to pro tect  aga i n s t i n fec t i on by the OSU s t r a i n . I n  the  

presen t s t udy , ro tavi ruses i n f e c t i ng p i gle ts a t  Massey P i gge ry appear  

rela t i vely s t able . A s i ngle e l e c t rophore type o f  r o t av i rus has  been 

found to pers i s t  at Mas s ey P i ggery for two years ( se e  chap t e r  f i ve ) . 

Immun i ty res u l t ing from i n fe c t i on wi th  t h i s  ele c t ropho re type o f  

ro t av i rus would t herefore b e  expec t ed t o  p r o t e c t  aga ins t reexposur e . I n  

add i t i o n ,  a l l  t h e  p i gle t s  had b e e n  i n fec ted once or  twice  w i th ro t av i rus 

before t wo mon ths o f  age and might  there fore have been s u f f i c i en t ly 

i mmune t o  res i s t  ro tavi ral i n fec t i on up to  the t i me o f  s laugh t e r  a t  four 

or  f i v e  mon t hs o f  age . Debouck and Pensae r t  ( 1983) , who s tud i e d  t he 

shedd i ng pa t tern o f  group A ro tavi rus i n  p i gs from b i r th t o  2 3  weeks o f  

age , a l s o  reported that de t e c t i on o f  group A rotav i rus i n  p i gs two weeks 
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a f t e r  wean i ng was a n  excep t i on . Thus , the s t udy by Grom e t  a l . ( 1 984 ) 

should b e  t reated cau t i ously . The mo re i n t en s i ve farming sys tem ( abou t  

3000 breed i ng sows i n  each p i gge ry ) repo r ted by Crom e t  a l . ( 1 9 8 4 ) 

compared wi th  tha t d e s c r i bed i n  the present  s t udy ( abou t 6 0  breed i ng 

sow)  may expla i n  t he d i f fe rence i n  the d e t ec t i on of group A r o t avi rus i n  

f a t t ener  p igs . M o r e  i n t en s i v e  sys tems o f  farming n o t only fac i l i t a t e  

t h e  t ransm i s s i on o f  r o t a v i rus i n f e c t ion b u t  also  lead po t en t i a lly t o  t h e  

rap i d  eme rgence o f  new types o f  r o t av i ruses due t o  mu t a t i on and / o r  

reas s o r t men t .  

Recen t ly ,  ro t a v i ral  i n fe c t i on has been demons t r a ted i n  f i ve mon t h  

o l d  p igs i n  Papua New G u i nea ( D .  Alpers , personal c ommun i ca t i on 1 9 88 ) . 

I n  these places , pigs  and man l i ve wi t h i n  the s ame ecosys tem and 

c ross-species  t rans m i s s i on may occur . The low s t anda r d  of hygi ene i n  

t hese commun i t i ei would f ac i l i t a t e  such t ransm i s s ion . 

As d es c r i bed i n  s e c t i on 3 . 2  and 3 . 3 ,  r o t av i ral shedd i ng i n  p i gl e t s  

o f  group 1 and group 2 was closely asso c i a t ed wi t h  the  m i ld d i a r rhoea 

synd r ome ( m i lk scou r s ) in  p reweani ng pigs . Mos t o f  those piglets  also  

developed d i ar rhoea f i ve t o  s even days a f t e r  weaning i n  assoc i a t i on w i t h  

i n f e c t ion  b y  haemoly t i c  E . co l i . In p igle t s  o f  group 3 ,  n o  r o t av i ra l  

s hedd i ng was de tec t ed be fore wean ing .  All o f  these p i g l e ts , shed 

r o tavi rus th ree to f i ve days a f t e r  wean i ng .  Haemoly t i c  E . co l i  was only 

sporad i c a l ly de tec t ed i n  s ome o f  t hese animals . No severe d i a r rhoea , a s  

observed i n  p i gle t s  o f  groups 1 a n d  2 a f t e r  wean ing ,  w a s  o b s e rved i n  

p igle t s  i n  group 3 .  Th i s  m igh t have been because pigle t s  i n  groups 1 

and 2 we r e  weaned e a r l i e r  ( 24 - 2 6  days o f  age )  t han those i n  groups 3 ( 3 2 

d ays o f  age ) and t hus p i g l e t s  i n  the fo rmer group we re more p rone t o  

i n fec t i on w i th  haemo l y t i c  E . co l i  than t he l a t t e r . A l s o , p i gle t s  i n  

group 3 were no t i n f e c t e d  wi th r o t av i rus before wean i ng ,  s o  i t  i s  

pos s i b l e  tha t the gu t e p i the l i um had not  been damaged and there fore  d i d  

n o t  favour colon i z a t i o n  b y  haemo ly t i c  E . co l i ,  as sugges t e d  by Lecce e t  

a l . ( 1 9 8 2 ) .  

4 . 5  CONCLUSIONS 

1 .  All  p i g l e t s  acq u i red an t i r o t a v i ral an t i body by sucking colo s t rum 

f rom t he i r  d ams . The levels o f  an t i body i n  sera of these an i mals a f t e r  

sucking were more c lo s e l y  c o r rela t ed to those i n  the i r  dams ' colo s t rum 

t han t o  those i n  t he i r  d ams ' sera . 
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2 .  The levels o f  an t i ro t av i ral an t i body i n  sows ' m i lk dec l i ned r a p i d ly 

pos t par tum ( p p )  and were e ight to  32 fold less i n  s amples collec t ed a t  

1 8  d ays p p  t han in samples col lec ted w i t h i n  24 hour s  p p .  

3 .  The levels o f  an t i r o t a v i ral an t i body i n  p igle t s ' sera also d e c l i n e d  

r a p idly  a n d  f e l l  to  t h e  lowes t leve ls a t  abou t one month o f  age . 

4 .  An t i ro t av i ral an t i body was also detec t ed i n  the faeces o f  p i gle t s  

s oon a f t e r  b i r t h .  The levels o f  faecal an t i body f e l l rap i dly  and were  

und e t e c t a b l e  by 18 days of  age . 

5 .  Ant i ro t av i ral an t i bod i es o f  b o t h  IgA and I gG classes we r e  d e t e c t ed 

i n  colos t rum and milk  wh i le I gM was no t d e tec t ed i n  e i ther . 

6 .  P i gl e t s  d eveloped an t i body response f ollowing na tural i n fec t i on by 

r o t av i rus . Ris i ng i n  s e rum neu t ral i z i ng an t i body was d e t ec t ed at abou t 

t wo weeks a f t e r  na tural i n fe c t i on ,  bu t no r i s i ng ELI SA an t i body was 

d e t e c ted u n t i l  one mon ths a f ter  nat ural i n f e c t i on . Th i s  d i f ference i s  

p r esumably rela t ed t o  the  two tes ts  det e c t i ng an t i bod i e s  aga i ns t 

d i f ferent v i ral ant igens r a t her than i nd i ca t i ng tha t the SN t e s t i s  m o r e  

sens i t i ve t han the ELI SA t es t .  

7 .  An t i ro t av i ral an t i bod i es of b o t h  IgA and IgG c l asses were d e t e c t ed 

i n  pigle t s '  sera collec t ed a f t e r  sucki ng and following n a t u r a l  

i n f ec t i on . An t i rotavi ral I g M  was no t de tec ted i n  any sample . A f t e r  

consump t i on o f  colos t rum , the levels o f  an t i ro tavi ral an t i body o f  t h e  

IgA class we re h ighe r  than t hose o f  t h e  IgG class i n  p ig le t s '  s e ra . 

Fol l owing nat ural i n fe c t i o n , the levels o f  IgG was h i gher  t han t h a t  o f  

IgA . 

8 .  Increas i ng an t i body t i t res i n  the sera o f  the t wo g i l t s  we r e  

d e t e c t ed by the S N  t es t in t h i s  s t udy . However , n e i t h e r  ro t av i r a l  

a n t igen n o r  d i ar rhoea was o bse rved i n  t hese t wo g i lts . Th i s  sugge s t s  

t h a t  the two g i l t s  had subclini cal i n fec t i on du r i ng t he far rowi ng 

p e r i od . 

9 .  No c hange i n  an t i body t i t res were d e t e c ted i n  sera f rom any o f  t h e  

o t her s ows i nves t i ga ted . 

1 0 . P i gs over two mon ths o f  age d i d  not  become i n fec t ed w i t h  ro t av i rus  

a f t e r  i n t ranasal i nocul a t ion as j udged by the  shed d i ng of  v i ru s , the  

d evelopmen t o f  d i ar rhoea or  by  serologi cal res pons e .  This  is  though t t o  
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b e  due t o  the p r o t e c t i on confer red by an t i bod i es produced f o l l ow i ng 

early na tural i n fe c t i on .  

1 1 .  Correl a t i on b e t ween the levels o f  ma te rnal ly-d e r i ved an t i ro t av i ra l  

an t i body i n  pigle t s  a n d  suscep t i b i l i t y  to  ro tavi rus was obse rved i n  e a c h  

o f  the coho r t s  s t ud i ed .  Na t u ra l  i n f e c t i on by ro tav i rus occu r red i n  each 

of t hese coho r t s  when t he i r  geome t r i cal mean ELISA an t i body t i t re s  f e l l  

be low 1 / 1 600 ( eq u i va l en t t o  a t i t re o f  1/8  t o  1 / 1 6  i n  t h e  S N  t es t ) . I t  

i s  b e l i eved tha t ma t e rnal an t i body p ro t e c t s  aga i ns t  r o t av i r a l  i n f e c t i on 

i n  p i g l e t s  a t  leas t f o r  the  f i rs t  one week o f  l i fe .  

1 2 .  No correla t i on was obse rved be tween the 

of 

levels o f  ma t e rnal  

ro tavi ral  i n fec t i o n  in  an t i ro tavi ral an t i bo d y  and  the  

i n d i v idual l i t t e r s  o f  p igle t s . 

p igle ts  wh i ch began t o  shed 

occurrence 

I n  eac h  of the cohor t s , t h e r e  were  s o me 

rotav i rus f i rs t  and t hen t h e  i n fe c t i on 

s pread t o  o t her p i g l e t s  i n  t he s ame cohor t regard less o f  the leve l s  o f  

an t i body . I t  i s  t h us sugges t ed that the bui ld up o f  t h e  chal l enge d o s e  

o f  ro tavi rus b y  t h e s e  i n i t i a l ly i n fec ted pigle t s  ove r comes t he 

pro t e c t ive e f fec t s  o f  even h i gh l evels o f  an t i body i n  t he o t h e r  p i g l e t s . 
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Chap t e r  Five 

EPIDEMIOLOGY OF ROTAVIRAL INFECTIONS 

IN OTHER NEV ZEALAND PIGGERIES 

5 . 1  INTRODUCTION 

Previous s t ud i es on t he pa t terns o f  shed d i ng and t ransmi s s i on o f  

g roup A ro tavi rus i n  p i gs a t  Mas s ey Piggery demons t ra t ed that  p i gs 

became i n fec ted w i t h the v i rus a t  two t o  three weeks of age . I n f ec t i on 

r a t e s  reached a p eak a t  f i ve weeks and shed d i ng o f  ro t av i ru s  ceased 

b e fore 60 days of  age . No group  A ro t av i rus an t igen was d e t e c t ed i n  the  

faeces o f  p i gs over two mon t hs old . G r oup A ro tav i ral an t i gen was neve r  

d e tec ted in faeces from s ows th roughout t h e  farrowing per i od ( see 

chap t e r s  three and four ) .  

PAGE has been w i d e ly used for  d i agno s i s  and e p i demi ologi cal 

i nves t i ga t i ons o f  infec t i ons by ro tavi rus i n  var i ous spec i es of animals 

( Gerna e t  al . 1987a , H e r r i ng et  a l . 1 98 2 , Konno e t  al . 1 984 , Li p rand i  

e t  al . 1987 , Lourenco e t  a l . 1 98 1 ,  Todd et  al . 1984 ) . By  employ i ng 

t h i s  t echn i que , 
.
genom i c  var i a t i on s  among the 1 1  segmen t s  o f  the RNA o f  

g roup A ro tavi ruses have been f requen t ly de tected i n  d i f ferent  

i n d i v i duals dur ing the  same out b r eak ( Lourenco e t  al . 1 98 1 ,  Konno et  

a l . 1 984 ) , and i n  the  s ame pa t i en t  dur i ng one  episode of  i n f ec t i on 

( Spencer e t  a l . 1983 b ) . Va r i a t i ons have also been d e t e c t ed i n  v i ruses 

recovered from both long i tud i nal ( Ge rna e t  al . 1987 a ,  Rodger e t  al . 

198 1 ) , and cross-sec t i onal i nves t iga t i ons ( De San Juan e t  a l . 198 6 ) . 

In the presen t i nves t i ga t i on ,  faecal samples were c o l l e c ted f rom 

f i ve o t her New Zealand p i gge r i e s  to exam ine the pa t tern o f  shedd i ng o f  

group A ro tavi rus i n  d i f f eren t age groups of piglets t o  s e e  whe ther  o r  

n o t  t he pa t t ern observed a t  Massey P i ggery i s  typical o f  t hose i n  o t her 

p i ggeries i n  New Zealand . These s amples were also exam i ne d  us i ng the 

PAGE techni que t o  d e t e rm i ne the genomi c var i a t i ons o f  group A 

ro t av i ruses i n  these p i gge r i es .  A t t en t i on was also paid t o  t he presence 

of non-g roup A rotav i ruses . 
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5 . 2  MATERIALS AND METHODS 

Pigge r i e s : F i ve New Zealand p i gge r i es were selec t ed f o r  t h i s  

i nves t iga t i on and these were deno ted by the numbers 1 ,  2 ,  3 ,  4 and 5 ,  

respec t i ve ly . Thes e  pigge r i es were loca t ed in bo th  the No r t h I s land and 

the Sou t h  I s land of New Zealand . Dis tances between t hese p i gge r i es we re 

f rom 30 t o  800 Km . P i gs a t  all these p igge r i es we r e  reared 

conven t i onally w i th  each p i ggery hav i ng 200 t o  400 breed i ng sows . 

P ig l e t s  were  weaned a t  th ree t o  four weeks o f  age . 

Samples : Faecal samples f rom three age groups o f  p igs ( i . e .  15-2 0 ,  

30-35 and 70-90 days o f  age ) were co llec t ed f rom the f ive p igger i es . In 

each of t h e  p i gger ies , faecal samples we re taken from ten l i t t e r s  

( sucki ng ) o r  groups ( weaned ) o f  p i gs for  each o f  the  three age g roups . 

Two ex t ra samples we re colle c t ed from t wo l i t t e r s  o f  p i gle t s  wi t h  

d i a r rhoea a t  t h e  age o f  t wo t o  four days i n  piggery No . 4 .  C o l l e c t i on 

o f  faeces f rom mos t an i mals wi t h i n  a l i t t e r  or  group was a t t em p t ed and 

samples f r om each l i t t er or group were pooled . All the faecal s p e c i mens 

were t ranspor t ed to the labora tory wi thin  24 hours of samp l i ng .  I n  t h e  

labo ra t o ry , faecal samples w e r e  pro cessed as descri bed in 2 . 1 . 2 .  

De t e c t i o n  o f  ro t av i ruse s : All the samples collec t ed were examined 

for  g roup A ro tav i rus by the Dako pa t t s ELISA ki t s ,  and by PAGE . 

Selec ted s amp les were also exami ned by EM . The d e ta i ls o f  these 

procedures have been des c r i bed i n  s ec t i on 2 . 2 .  

In add i t i on , selec ted ELI SA- pos i t ive samples from Hassey P i ggery 

o b t a i ned in 1 985 ( s ec t i on 3 . 2 ) , 1986 ( s e c t ion 3 . 3 ) and 1 98 7  w e r e  also 

subj e c t ed t o  PAGE analys i s .  

5 . 3  RESULTS 

Pa t te r n  o f  shedd i ng o f  g roup A ro t av i rus as d e t e c t ed by the ELISA 

t e s t :  The s i z es of t he f i v e  p igge r i es in t e rms of b reed i ng s ows , t h e  age 

o f  wean i ng o f  pigle t s , and t he p revalence ra tes of faecal shedd i ng o f  

group A r o t av i rus among d i f fe ren t age groups are summar i z ed i n  t able 

5 - 1 . Ro t av i r�l an t i gen was d e t e c t ed i n  faeces from all  t h e s e  five 

p i gge r i e s . Abo u t  30% o f  the l i t t e rs a t  1 5- 20 days of  age , and 60% o f  

the l i t t e rs ( g roups ) a t  30- 3 5  days o f  age were shed d i ng ro tavi rus , bu t 

ro t av i ra l  an t igen was not d emons t ra t ed i n  p i gs o f  70-90 days o f  age . 

The pa t t e r n  o f  shedd i ng o f  group A r o t av i rus was s i mila r  i n  a l l  f i ve 

p igge r i es i nve s t iga t ed . 
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De tect ion o f  ro tavi ruses from samples by PAGE : Among t h e  1 5 2  

s amples exami ned , o n l y  28 ( 1 8 . 4% )  samples 

pat t e r  character i s t i c  o f  group A ro tavi rus . 

also pos i t ive by the ELI SA t es t .  

shoved an elec t roph o r e t i c  

All of these samples w e r e  

Table 5 - 1  Prevalence rates o f  shedding o f  group A ro tavi rus i n  t he 

five p i ggeries as determined by the ELISA tes t 

P i ggery 

No . 

1 

2 

3 

4 

5 

M ean 

Number 

of s ows 

360 

280 

200 

275  

400 

Age in days . 
• • 

No ro t av i ri.ls was 

Age ( weeks ) 

o f  vean i ng 

4 

4 

3 . 5  

4 

3 

d e t e c t ed . 

Genomic variation o f  ro tavi rus detec t ed 

P revalence ( pe rcen t age ) o f  

shedding o f  group A r o t a v i r u s  

15-20 · 30-35 · 70-90 · 

60 40 
• •  

30 70 

20 60 

30 60 

10 100 

30 6 6  

i n  the five piggeries : 

Piggery No . 1 :  Eleven o f  the 3 0  samples collec ted i n  t h i s  p i gge ry 

vere pos i t i ve for r o t av i ral RNA by PAGE . Eight  had pa t t e rns t y p i cal o f  

group A ,  tvo o f  group C and one resembled group B rotavi rus . Among t h e  

e igh t group A ro t av i ruses , tvo e l e c t rophore types vere observed and t he 

two group C rotav i rus s t ra i ns also s howed d i f ferences i n  m o b i l i t y .  A 

t o t al o f  f i ve d i f feren t elec t ro ph o r e t ypes o f  ro tav i rus , be long i ng t o  

t h ree groups , were detec t ed i n  t h i s  p i gge ry . These pat terns a r e  

dep i c ted in F i g .  5-1 . The tvo e l e c t r opho re types o f  group A r o t av i rus 

were found i n  f i ve and three samples , respect ively . These t wo 

elec t ropho re types ( lanes D and E )  d i f f ered i n  segmen ts  2 ,  4 ,  5 ,  8 ,  and 
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9 .  The two e l e c t rophor e t ypes o f  group C ro tavirus ( lanes B and C )  

d i f fered i n  segmen t s  3 ,  4 and 7 .  The RNA pat tern shown i n  lane A i s  

s i mi lar t o  that o f  group B r o t av i rus repo r t ed i n  man ( Hung e t  a l . 

1984 ) , cat tle  ( Chasey and Davies , 1 984 ) , lambs (Chasey and Banks , 1 984 ) 

and p igs ( B r i dger e t  a l . 1982 ; De San Juan e t  al . 1986 ) . Segme n t s  5 

and 6 o f  previou s ly repor ted group B r o t av i rus ran toge th e r  o r  as a 

d ouble t , and segmen ts  7 and 8 ran as a doub l e t .  Howeve r ,  segme n t s  5 and 

6 o f  the v i rus i n  lane A ran as a doublet wh i le segmen t s  7 and 8 ran 

toge ther . Yhe ther t h i s  v i rus be longs to group  B ro tav i rus or to a new 

g roup of ro tavi rus is not known . Iden t i f i ca t ion of t h i s  v i rus b� 

serology is requi red . 

Piggery No . 2 :  I n  t h i s  p i ggery , f i ve s amples were pos i t i ve fot  

ro t av i ral RNA by  PAGE , and showed one  single e l e c t ro phore type o f  g roup A 
ro tavi rus . One o f  these f i ve samples was f ound to  con t a i n  b o t h  g roup

"
A 

d 
. I 

an group C ro tav l ruses . 

I . I 
Piggery No . 3 :  F i ve samples from this  p i ggery were also s hown t o  

con tain ro tav i rus by PAGE . Four o f  these were found t o  con t a i n  bo t h  

g roup A and C r o t av i rus e s . However , there was i nsu f f i c i e n t  o f  o n e  o f  

t hese samples for fur t he r  analys i s .  The RNA pat terns o f  ro t av i r u s es i n  

the o ther three samp les , t oge ther w i t h  tha t o f  only group A r o t a v i rus i n  

o ne sapmle ,  are shown i n  F i g .  5-2 . Lane A i s  a group C ro t av i ru s  whi c h  

was d e t e c ted i n  p igge ry No . 4 ( s ee below ) . T w o  o f  t h e  three s am pl e s  

c on t a i n i ng bo t h  group A and C ro tav i ruses ( lanes C and D )  appeared t o  

have s i mi lar RNA pa t t erns . The pa t tern o f  group A ro tavi rus i n  t hese 

two samples i s  iden t i ca l  to that o f  t he sample con t a i n i ng g roup A 

ro tavi rus only ( lane E ) . The o t her sample ( lane B )  appeared t o  have a 

g roup C r o t av i rus pat t e rn s i m i lar t o  the o t her two samples , wh i le t h e  

pat t e rn o f  group A r o t a v i rus was d i f fe ren t from  t h a t  o f  o t her s amples  

f rom the  same p i gge ry . Segmen ts  5 and 6 i n  the sample ran more s lovl y  

t han those i n  o t her samples and segmen t 10 was m i s s i ng .  Th i s  sample vas 

pos i t ive for group A ro t av i rus i n  the ELI SA t es t .  Therefore , t h e r e  wer e  

a t  leas t two e l e c t ropho re types o f  group A ro tavi rus c i rculat i ng i n  t h i s  

p i ggery . The pat tern o f  group C rotav i rus from t h i s  p i gge ry i s  

d i f ferent  f rom that  f rom p i ggery No . 4 a t  leas t i n  segments  4 ,  7 ,  8 and 

9 .  
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F i g . 5- 1 .  Ro tavi ruses d e t ec ted i n  piggery No . 1 .  Lane A :  Group 

B-like ro tavi rus . Lane B and C:  G roup C ro tavi ruses 

Lanes 0 and E :  G roup A r o tavi ruses . M igra t ion  was 

f rom top to bo t t om . 
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F i g .  5-2 . Ro t av i ruses d e t e c ted i n  piggery No . 3 .  Lane A :  Group C 

ro tavi rus . Lane B ,  C and 0 :  M i xed i n fe c t i ons be tween group 

C and group A . ro t av i ruses . Lane E :  G roup A r o t av i rus . 

M i grat i on was f rom top t o  bo t tom . 



1 2 5  

P iggery No . 4 :  I n  t h i s  p i ggery f i ve o u t  o f  the 3 0  sampl e s  w e r e  

found t o  con tain  ro tavi rus RNA a s  j udged by PAGE , wi t h  o n e  s ample  

con t a i n i ng bo th group A and group C r o tavi ruses . The g r o u p  A 

r o tavi ruses i n  the f i ve samples had iden t i cal elec t rophore t i c  pa t t e rn s . 

I n  t h i s  pigge ry , t wo l i t t e r s  o f  pigl ets , a t  two to  four days o f  age , had 

d i a r rhoea at the t i me when samples were col lec ted f rom the o t her  p igs . 

D i a r rhoea i n  these an i mals was ye llowish and wa t e ry . Affec t ed p ig l e t s  

were depressed b u t  n o t  dehyd ra t ed . Faeces were colle c t ed f rom t h e s e  t wo 

l i t ters  and group A ro tav i ral an t i gen was no t d e t e c t ed by the · ELI SA 

t es t .  Howeve r ,  v i rus par t i c les wi th  charac t e r i s t i c  r o t av i ral mo r p h o logy 

were obse rved i n  one of the samples under  the elec t ron m i c roscope ( F i g . 

5- 3 ) . Vhen analysed by PAGE , the sample showed ah elec t ropho r e t i c  

pa t t ern typi cal o f  group C ro tavi rus . The pa t t e rn o f  t h i s  v i rus 

t oge ther  w i th  those o f  a group A ro tav i rus and the m i xed i n f ec t i o n  i s  

s hown i n  F i g .  5-4 . The sample wh i ch con ta ined both group A and C 

r o t av i ruses was d e t ec ted f rom p i gs at 30-35 days o f  age . The pa t te rn o f  

group C r o t av i rus i n  t h i s  sample i s  i den t i cal t o  that o f  the group C 

r o t av i rus i n f e c t i ng the younger pigle ts  wh i ch had d i a r rhoea . 

P igge ry No . 5 :  Only group A r o t av i rus was d e t e c t ed i n  t h i s  

p igge r y . Two ele c t ropho re types o f  group A ro t av i rus were pos s i bly  

c i rcula t i ng , s i nce one  o f  the  samples had e x t ra bands between s egme n t  4 

and 5 and i n  the  t r i p l e t  r eg i on .  Th i s  usually i nd i ca t es a m i xe d  

i n f e c t i on o f  two o r  m o r e  s t rains o f  group A ro t av i rus . T h e  

represent a t i ve pa t t e rn o f  group A ro t av i rus i n  this  piggery i s  s hown i n  

F i g .  5-5 t oge ther wi th  the  m i xed pa t t e rn o f  poss i bly t w o  group  A 

ro tavi ruses . 

RNA pa t te rns o f  group A ro t av i ruses a t  Hass ey Piggery over a p e r i o d  

o f  three years : Samp les col lec ted from Massey P i ggery over a pe r i od o f  

th ree years w e r e  analysed b y  PAGE , and the resu l t s  a r e  shown i n  F i g . 

5-6 . Ro tavi ruses d e t e c t ed i n  this  p i ggery i n  1 985 and 1 9 8 6  had 

iden t i cal elec t rophore types but  d i f fered f rom the pa t t e rn of v i rus  

recovered i n  1987 . Co-ele c t ropho res i s  o f  these  v i ruses i n d i ca t ed that  

the d i f ferences i n  mob i l i ty were  in band s 1 ,  4 ,  5 ,  7 o r  8 ,  and 1 0 . The 

changes i n  migra t i on rates of the RNA segmen t s  were rela t i vely m i ho r .  
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F i g .  5-3 . Elec t ron m i crograph o f  ro t av i ral par t i cles i n  samples f rom 

two to four day old p igle t s  w i t h  d i ar rhoea i n  p i ggery No . 4 .  

( x162 , 400 ) . 
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F i g .  5-4 . Ro t av i ruses d e t e c t ed i n  piggery No . 4 .  Lane A :  Group A 

r o t av i rus de tec ted  i n  piggery No . 4 .  Lane B :  M ixed 

i n fe c t i ons be tween group A and group C ro t av i ruses . Lane 

C :  G roup C ro t avi rus d e t e c ted in d ia rrhoeal p igs a t  2 t o  

4 days o f  age . Migra t i on was f rom t o p  t o  bo t t om . 
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F i g .  5 - 5 . Ro tavi ruses d e t ec ted i n  piggery No . 5 .  Lane A :  Group A 

ro t av i rus . Lane B :  M i xed i n f e c t i on between two g roup A 

ro t av i ruses . M i gr a t ion was f rom t op t o  bo t tom . 
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F i g .  5 - 6 . Co-elec t rophores i s  o f  ro t av i ruses d e t e c ted a t  Mas s ey p i gge ry .  

A :  V i rus de tec t ed i n  1985 , B :  Co-ele c t rophores i s  o f  v i r u s es 

i n  1985  and 1986 , C :  Vi rus d e t e c ted i n  1 98 6 , D :  Co-ele c t ro­

phore s i s  of vi ruses of 1986 and 1987 , E:  V i rus d e t e c t e d  i n  

1 98 7 . M igra t ion was f rom t op t o  bo t t om . 
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Ele c t rophore types o f  Group A ro tav i ruses detected i n  p igs i n  New 

Zealand : Yhen the ro tavi ruses from t h e  f i ve pi gger ies were compared by 

PAGE wi t h  t hose fro� Mass ey P igge ry , they all showed d i f feren t 

mo b i l i  t i es o f  the i r  genomic  RNA . The re fore , a t  leas t e i g h t  

elec t ropho re t ypes ( s i x  f rom t h e  f i ve p igge r ies and t wo f ro m  Mas s ey 

P i ggery ) were demons t ra t ed i n  the s t udy . These e i gh t elec t ro phore types 

are  represen t ed diagramma t i cally in  F i g . 5-7 and shown i n  F i g . 5-8 on  

a gel . D i f ferences i n  mob i l i ty were d e t e c t ed i n  mos t  o f  the  segmen t s  

exce p t  i n  s egmen t 1 1 .  Four t o  seven s egmen t  mobi l i ty d i f f e r ences were 

f ound b e t ween each o f  the  e igh t elec t ro phore t ypes . 

.A  B c o E F G H 

Fig.  5-7 . Diagram of  the e ight ele c t rophore types iden t i fied  i n  New 

Zealand pigs . Lanes A and B :  Vi ruses from piggery no . 1 .  Lane 

c :  Virus from p i ggery No . 2 .  Lane 0 :  Vi rus f rom piggery No . 3 .  

Lanes E and F :  Vi ruses f rom Hassey Piggery . Lane G :  Vi rus 

from piggery No . 4 .  Lane H :  Virus from piggery No . 5 .  



P revalence o f  shedding of  group C ro tavi rus in  pigs and variat i on 

between the group C ro tavi ruses d e te�ted : I n  the f ive p i gge r i es  s t ud i ed , 

group C r o t av i rus was d e t e c t e d  in n i ne ( 6% )  sample s , t he s econd mos t 

f requen t a f t e r  i nfec t i on by group A r o t avi rus . All  the  group C 

r o t av i ruses , exce p t  the one de t ec ted i n  the two t o  four day old p i g l e t s  

wh i ch had d i a rrhoea , were d e t e c t ed i n  p igs a t  30- 35 days o f  age . By 

t h i s  t i me ,  all the p igs had been weaned . No group C r o t av i rus was 

d e t ec ted i n  p igs at 1 5-20 and 70-90 days of age . The d i f fe rence in RNA 

mobi l i t i e s  be tween the two group C ro tavi ruses i n  p i gge ry No . 1 and 

b e t ween group C ro tavi ruses d e t e c t ed i n  p i gge r i es No . 3 and 4 have 

a l ready been d i s cussed . The group C r o t av i rus in p i gge ry No . 1 was 

compared w i t h  that  de tec ted in p iggery No . 4 ( F i g .  5-9 ) and i t  s howed 

d i f f e rences in mob i l i t ies  o f  s egme n t s  3 ,  5 ,  6 and 8 .  Therefore no 

common e l e c t rophore types o f  group C r o t av i rus were d e t ec t ed i n  these 

p i gge r i e s . 

5 . 4  DISCUSSION 

The resul t s  o f  the present s t udy i nd i c a t e  tha t the  pa t tern o f  

shedd i ng o f  porc ine group A r o tavi rus obse rved a t  Massey P i gge ry 

( chap t e r s  t hree and fou r )  is typi cal o f  that  in o ther p igge r i es  in New 

Zealand a t  leas t in age groups of 1 5-20 , 30-35 and 70-90 days . The 

p revalence o f  i n fec t ion i nc reased w i t h  age and was grea t es t in 28 to 35 

day old p i gs . In t h i s  s t udy , the  p revalence rates o f  shed d i ng o f  group 

A r o t av i rus in the t h ree and f i ve week-old p igs were 30 and 6 6% , 

res pec t i vely . These rates are comparable to  those observed a t  Massey 

P i gge ry i n  a c ross-sec t i onal su rvey ( 8 . 3  and 56 . 7% )  ( se c t i on 3 . 2 ) and i n  

a coho r t  s t udy ( 20 and 65% ) ( see s e c t i o n  3 . 3 ) . At  Mass ey P i ggery , all 

p i gs ceased shed d i ng group A r o t av i rus by t wo mon ths of age , and in t he 

o th e r  f i ve New Zealand pigge r ies , r o t a v i ral an t i gen was no t d e tec ted i n  I 

p igs aged f rom 70 to  90 days e i the r . S i m i lar pat terns o f  shedd i ng o f  

p o r c i n e  g r o u p  A ro tavi rus have a l s o  been repo r t ed in o t h e r  coun t r i es 

( Debouck and Pensae� t 1 983 , L i p rand i e t  al . 1987 , Svensmark 1 983 ) . 

Marked var i a t i ons i n  genomi c  pat t e rns have been wi dely de tec ted in 

human group A ro t av i rus by PAGE (Gerna et al . 1987a , Lourenco et al . 

1 9 8 1 , Rodge r e t  al . 198 1 ) . In a survey car r i ed out i n  a paed i a t r i c  

hos p i t a l  i n  F rance , Lourenco e t  al . ( 1 98 1 )  no t i ced that  mo re than one 

e l e c t r o pho re type was always found whenever  more than four v i ral samples 

f rom one ward were analysed by PAGE . H e t e r ogene i ty o f  RNA segmen t s  has 

also been des c r i bed i n  porc i ne group A r o t av i ruses by De San Juan et al . 

( 1 986 ) and L i p rand i e t O al . ( 1 987 ) .  The lat t e r  au thors iden t i f i ed 
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F i g . 5-8 . Eigh t  ele c t rophoretypes d e t e c t ed by PAGE . Lanes A ,  B ,  C ,  D ,  

E ,  F ,  G and H :  V i ruses as i n  Fig . 5-7 . Migra t i on was f ro m  

t o p  t o  bo t tom . 
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F i g .  5-9 . Comparison between group C r o t av i ruses detected i n  pigge r i es 

No'. 1 and No . 4 .  Lanes A and B :  G roup C ro tavi  ruses f r o m  

p iggery No . 1 .  Lane C :  Group C r o t av i rus de t e c ted i n  young 

p igle t s  i n  piggery No ; ' 4 . Migra t i on was f rom t o p , t o bo t tom . 
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e leven e l e c t rophore types f r o m  samples selec t ed from nine herds . Among 

those samples analysed , n o  t wo elec t rophore types were found t o  be 

iden t i ca l . In the pres ent  s t udy , at leas t e i gh t  elect rophore types we re 

d emons t ra t ed in s i x  p i gge r i es and more t han t wo elec t rophore types we re 

found to be s i mul t aneous ly c i r cula t i ng in at leas t three of t hese  

p i gge r i e s . 

I n  long i tud i nal i nves t i ga t i ons o f  ro t av i ra l  infec t i ons i n  man over 

p e r i ods o f  up to  four years , one o r  two elec t rophore types were a lways 

found t o  be predomi nan t ,  w i t h  o t hers appea r i ng and d i sappear i ng d u r i ng 

the per i od o f  i nves t iga t i o n  ( Ch i ba e t  al . 1 98 4 , D i mi t rov e t  al . 1 9 8 4 , 

Rodger e t  al . 198 1 ) .  Howe ve r , i n  the prese n t  inves t iga t ion , only a 

s i ngle e l e c t rophore type was i den t i f i ed d ur i ng 1985 and 1986 a t  Mas s ey 

P i ggery . This  s i tua t i on resembled that repo r t ed by Todd e t  al . ( 1 9 8 4 ) 

i n  a " c losed"  dai ry herd , i n  wh i ch one s i ngle ele c t rophore type was 

de t ec t ed over a pe r i od of 16 mon ths . The r e l a t ive s ta b i l i ty o f  t he 

ro tav i ra l  RNA a t  Massey P i ggery during 1985 and 1986 was i n  con t ras t t o  

t h e  obs e r va t i on that more than o n e  pa t t ern was iden t i f i ed i n  thre e  o f  

the  o th e r  f i ve pigge r i es . T h e  d i f ference may b e  a t t r i bu table t o  t he 

large r s i zes o f  these p i gge r i es ( 200 to  400 breed ing sows ) , compared t o  

Massey P i ggery ( only 6 0  b reed i ng sows ) . T h e  oppo r tuni ty f o r  p o i n t  

mu t a t i o n  and reassor t me n t  was p resumab ly much less a t  Massey P i ggery 

t han i n  the o t her pigge r i es . Bo th mu t a t i on and reasso r t ment  have been 

repo r t ed to  be mechan i sms for rap i d  gene t i c  evolut i on o f  ro t av i ruses 

( G reenberg et  al . 1981 , Konno e t  al . 1984 ) . The co.ns i s t en t  pa t t e rn a t  

Massey P i gge ry even tually changed . Th i s  was presumably due t o  po i n t  

mu t a t i ons and /or . reas s o r t me n t s i nce f i ve s egmen t s  were s l i gh t ly 

d i f feren t i n  mob i l i t y  be t ween t he isolate  i n  1 987 and those d e t e c t ed i n  

1 985 and 1 986 . Int roduc t i on o f  s t rains f rom o u t s ide the piggery could 

no t be e x c luded . However , t he new elec t r ophore type i s  so s i m i lar t o  t h e  

previ ous o n e s  at t h i s  p i ggery t hat i t  i s  l i ke ly t h a t  t h i s  was d e r i ved 

f rom t he p revious ones . I t  w i l l  be i n teres t i ng to d e t ermine whe t h e r , 

and f o r  how long , the v i rus w i t h  the new pa t t e rn w i l l  s t ay unchanged i n  

the  p i gge ry . 

Common elect rophore types o f  human ro tav i ruses have been d e t e c t e d  i n  

d i f feren t geograph ical loca t i ons ( Dimi t rov e t  a l . 1984 , Lourenco e t  al . 

1 98 1 ,  N i c o las e t  al . 1984 ) . Chiba e t  al . ( 1 984 )  d emons t ra t ed one 

common e l e c t rophore type i n  t wo d i s t r i c t s  of Kenya wh i ch are 480 Km 

apar t .  Howeve r ,  no common e l e c t rophoretypes we re found i n  d i f feren t p i g  

herds w i t h i n  a s i x-mi le ( 10 Km ) rad ius i n  Venezue l a  ( L i p rand i  e t  al . 

1987 ) .  I n  t h i s  presen t � tudy , no common ele c t rophore t ypes o f  group A 
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ro t av i rus were found i n  the s i x  New Zealand p i gger i e s  be t ween 3 0  and 8 00 

Km apar t . Th i s  d i scre pancy obse rved b e t ween human and p o r c i n e  ro t av i ra l  

i n f ec t i ons may reflec t the ex t en t  o f  the movemen t s  o f  the  spec i es 

conce rned . 

The e p i demiology o f  infe c t i on by r o t av i rus i s  com pl i ca t ed by a 

numbe r o f  fac tors . One o f  these i s  t he fac t tha t the genus cons i s t s  o f  

a large number o f  vi ruses wi th d i f fe ren t an t igen i c  compos i t i ons . To 

date , t wo subgroups ( YHO 1 984 ) , seven sero types ( Hoshino  e t  al . 1984 ) 

and nume rous elect rophore types ( Es t e s  e t  a l .  1984 , Lourenco e t  a l . 

1 98 1 )  have been we ll es tablished i n  g roup A ro tav i rus alone , w i th  more  

and more  emerg i ng ( Clark et  al . 1987 , Gerna e t  al . 1 9 8 7 a , Lambe r t  e t  

al . 1984 , Ma t suno e t  al . 1985 ) . Fur t her compl i ca t i ng t he s i t ua t ion  i s  

the d i s covery o f  a typ i cal r o tavi ruses which are morphologi cal l y  

iden t i ca l  t o ,  but an t i genically d i s t i n c t from , group A r o tavi rus ( Bo h l  

e t  al . 1 98 2 , Bridge r e t  al . 1 9 8 2 , Rodger e t  a l . 1 9 8 2 ) .  The s e  

a typ i ca l  ro t av i ruses have been d e t ec t ed i n  a w i de range o f  animals 

i nclud i ng man (Hung e t  al . 1 984 , Rodger et  al . 1 98 2 ) , calves ( Chasey 

and Dav i es 1984 ) ,  p i gs ( Bohl et a l . 1 982 , Br idger e t  a l . 1 98 2 , Chas ey 

e t  al . 1986 ) , ferre ts  ( Torres -Med i na 1987 ) ,  rats  ( Vonder fecht  et  a l . 

1984 ) , lambs ( Chasey and Bank 1984 ) and b i rds (McNul t y  e t  al . 198 1 ) .  

The a t y p i cal rotav i ruses have been clas s i f i ed as groups B ,  C ,  D ,  E ,  F 

and G on the basis  o f  serologi cal cross-reac t i v i ty and genom i c  p r o f i le 

by PAGE ( B r i dge r 1987 , Ped ley e t  al . 1983 , 1986 ) . T h r ee groups ( B ,  C 

and E )  o f  these atypical ro tavi ruses have been recove red f rom p igs , w i t h  

or  wi thou t d i arrhoea ( Br i dger 1 9 8 7 ) .  

Resu l t s  from this  i nves t iga t i on i nd i ca t e  that  the  e p i d emiology o f  

infec t i o n  by ro tavi rus i s  even more compl i ca t ed . No t only d i f fe r e n t  

elec t ro phore types o f  group A ro t av i rus , but  also d i f f e r e n t  groups ( as 

many as three)  o f  ro t avi ruses were d e t ec t ed a t  t h e  same t i me i n  one  

p iggery . M i xed i n fec t i ons o f  group  A ro t av i ruses h ave been we l l  

documen t e d  ( Es t es e t  al . 1984 , Lourenco e t  al . 1 98 1 , Spencer e t  a l . 

1983b ) . Th i s  provides t he oppo r t un i ty for  gene t i c  reas s o r t men t , wh i ch 

i s  one o f  the mechan i sms res pon s i ble for the  eme rgence o f  new s t ra i ns 

( elec t rophore types ) o f  group A ro t av i rus ( Gombold and Ramig 1 986 ) . 

M ixed i n fec t ions between a g roup A and a group B r o t av i rus was a l s o  

repo r t ed b y  De San Juan e t  al . ( 1 986 ) . In t h e  p r e s e n t  s t udy , s i x 

samples were found to con tain  both  group A and g r o u p  C ro tavi rus e s . 

A l t h ough t hese samples were pooled from p igl e t s  o f  a l i t t e r  o r  group , i t  

was poss i ble that i nd i v idual p i gle t s  we re concurren t ly i n fe c t e d  w i t h  

ro t av i ruses o f  more than one group . Yhe ther o r  not  t h e  m i xed i n fec t i ons 



be tween d i f ferent  g roups o f  ro tav i ruses w i l l  lead t o  emergence o f  new 

s t ra i n s  .o r  new groups of ro tav i ruses is no t known and should be 

i nves t iga t ed in t he fu ture . 

I n fec t i ons o f  p i gs w i t h  

ass o c i a ted wi th  d i arrhoea 

group B 

( B r idger 

and 

1980 , 

C ro t av i ruses 

Sa i f  e t  a l .  

have been 

1 980 ) . 
Exp e r i men tal i n fe c t i on o f  gno tob i o t i c  p i gle t s  wi th group C r o t av i rus has 

resu l t e d  in d i arrhoea , and p igle t s  under f i ve days o f  age were s everely 

a f fec t ed ( Bohl e t  a l . 1982 ) . I n  t he present s t udy , whe ther o r  not  

t h e r e  was an as s o c i a t ion be tween i n fec t i on wi th  group B and C 

r o t av i ruses i n  t h e  p igle ts  a t  30-35 days o f  age and d i ar rhoea , i s  not  

known . This  is  be cause the samp les we re collec ted and pooled f rom 

l i t t e rs or groups . Howeve r , an as soc ia t i on b e tween d i a r rhoea and 

i n f e c t i on w i th group C ro t av i rus in p i gle ts  a t  two to four days o f  age 

i s  i nd i ca t ed . I t  i s  i n t e res t i ng , tha t i n  the p resen t s t udy , g roup A 

ro t av i rus was n o t  d e t ec t ed i n  p igle ts  under ten days o f  age , wh i le group 

C r o t av i rus was as s o c i a ted w i th d i ar rhoea in p igle t s  at t wo to  four days 

o f  age . The role o f  group B and C ro t av i rus in d i a r rhoea in young 

p i gle t s  needs to be c lari f i ed .  

Group C ro t av i rus has so far been 

( Rodger et al . 198 2 ) ,  p i gs . ( Bohl 

( To r res -Med i na 1 9 8 7 ) .  The epidem i o l ogy 

repo r t ed t o  only i n fec t man 

e t  al . 1 98 2 ) and ferre ts 

o f  t h i s  vi ral i n f e c t ion has been
l 

p o o r ly eluc i da t ed in these spec ies . In the human popula t i on , 

p r e l i m i nary i nve s t i ga t i ons have sugges ted tha t group C ro t av i ral 

i n f e c t i on is sporad i c  ( Br i dger et al . 1 986 , Es pej o et al . 1 984 ) , yet 

i t  has been d e t ec t ed in Aus t ralia ( Rodger e t  al . 1 982 ) , Braz i l  ( Pere i ra 

e t  a l . 1 98 3 ) , Bu lga r i a  ( Dimi t rov e t  al . 198 3 ) , F rance ( Ni colas e t  al . 

1 9 8 3 ) , Hungary ( Sz ucs e t  al . 1987 ) ,  Mex i co ( Es pej o e t  al . 198 4 )  and 

t h e  UK ( B r i dge r e t  al . 1986 ) . In p igs , howeve r ,  7 7% of p i gs were 

r e po r t ed to  have an t i bod i es agains t group C ro tavi rus in a su rvey 

conduc t ed in the UK ( B r i dger and Brown 1 985 ) , bu t i n f ec t i ons w i t h  group 

C r o tav i rus i n  p igs have only been recorded in Aus t ralia ( Br i dger 
I 

p e r s onal commun i ca t i on ) , Belg ium ( Pedley e t  al . 198 3 ) , the UK ( Chasey 

and Dav i es 1 984 ) , t he USA ( Bohl et al . 1 982 ) , and now i n  New Zealand . 

I n  the  p resen t s t udy , group C ro tav i rus was d e tected i n  f our o f  the  f i ve 

p i gge r i e s  and i n  n i n e  ( 6% )  o f  t he 1 5 2  samp les exam i ned . I t  was the 

s e cond mos t frequen t l y  d e t ec ted ro tavi rus 

These resul t s , toge t he r  wi th  the 

sugges t tha t group C ro tavi ruses 

r o t a v i rus in p i gs , d espi t e  the 

r o t av i rus by PAGE . 

su rvey 

may be 

low rate 

af t�r group A ro tavi rus . 

o f  Br i dger and Brown ( 1 985 ) 

as wides pread as group A 

o f  d e t e c t i on of group C 
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A n  even lower f r equency of detec t i on o f  group C ro t av i rus h a s  been 

repo r t ed by o t her au thors . Nicolas et a l . ( 1 983 ) de tec t e d  group C 

ro tavi rus i n  only one o f  350 isola t es o f  human ro tavi rus i n  F rance . In 

a s t udy carried  out in Mexico Ci ty , only one out of 658 samples f rom 

i n fan t s  and chi ldren contai ned group C ro tav i rus ( Es pej o e t  al . 1 984 ) .  

A s i m i l a r  s i tua t i on was also found i n  p i gs . Chasey and Dav i es ( 1 9 8 4 )  

observed only o n e  s ample wi th a group C p a t t e rn a f t e r  analy s i ng 280 

faecal samples f rom p i gs by PAGE . Th� low r�te  o f  d e t e c t i on o f  group C 

ro t av i rus con t ras t s  w i th the serologi cal evi dence o f  group C ro t iv i ral 

i n fec t i on at leas t i n  pigs ( Br idger and B r own 1985 ) . Compared' w i th  t ha t  

o f  group A r o t av i rus , t h e  low frequency o f  d e t ec t i ng group C ro tavi rus 

may be due to the  fol lowing reasons . 

A sens i t i v e  t e s t such as the ELISA t e s t i s  not ava i lable f o r  the 

d e t e c t ion of group C ro tavi rus . Among the 152 samples exam i ned in t h i s  

s tudy , 4 6  ( 30% ) we r e  found to be pos i t i v e  for  group A ro tavi rus by 

ELI SA , but only 28 ( 1 8 . 4% )  of these c learly showed a charac t e r i s t i c  

pat t e rn o f  group A ro tav i rus by PAGE . Because o f  the lower sens i t i v i ty ,  

PAGE m i s sed nearly hal f o f  the group A r o t avi ruses d e t ec t ed by ELI SA . 

The re fore , a more sens i t i ve tes t , such as ELI SA , i s  u rgen t ly n eeded for  

t he d e t e c t i on of  group C ro tavi rus . 

Mi xed i n f ec t i ons be tween group A and group C ro tavi rus could b e  

m i s t aken for  g r o u p  A ro tavi rus only . Since  samples w i t h  s uch m i xe d  

i n f ec t i ons are also  pos i t iye by t h e  E LI SA tes t f o r  g roup A r o t a v i rus , a 

pos i t ive resu l t  c ould be taken as group A ro tavial i n f ec t i on only . I n  

t h i s  s t udy , s i x  o f  the n i ne samp les con t a i n i ng grou p C ro t av i rus were 

also con t a i ned group A ro tavirus and were pos i t ive for group A r o t avi rus 

by ELI SA . Even when the samples are analysed by PAGE , they could s t i l l  

be taken as group A r o t avi rus only , s i n ce mixed i nfec t i ons be tween two 

or more group A ro tavi ruses are very common ( Lourenco e t  al . 1 98 1 , 

Spencer e t  al . 1 983b ) . In the present  inves t i ga t i on ,  t h e  group C 

ro tav i rus i n  the  mi xed infe ct ions could be recogn i zed  only a f t e r  

compa r i s o n  w i t h  o t her group A and C ro tavi rus es run o n  t he same gel . 

Careful check i ng and compari son o f  mixed elec t ropho re types i s  hence 

essen t i a l  to  ensure tha t  no o t her groups o f  ro tavi ruses are p resen t . 

In the present  s t udy , a non-group A and C r o tavi rus was also 

de tec t ed . Th i s  vi rus showed a pa t t ern s i m i l ar t o  that  o f  group B 

ro tav i rus but  d i f fered in the mob i l i t i es o f  s egmen ts  7 and 8 f rom the 

group B ro t av i ruses ' repor ted to  date ( B r i dge r et al . 1 9 8 2 , Chasey and 

Banks 1 9 8 4 , Hung et al . 1 984 ) . The re fore , i t  may be long to a new group 
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o f  ro tavi rus ye t t o  be classi f i ed . 

5 . 5  CONCLUSIONS 

1 .  The pa t t ern of shedd i ng of group A rotav i rus in t he o t her f i v e New 

Zealand p i gge r i es is s i mi lar to that observed at Massey P i gg e ry . 

P i g l e t s  aged 15-20 and 30-35 days shed group A r o tavi rus wi t h  prevalence 

ra t e s  of  30 and 60% , res pec t i vely . P i gle ts aged 70-90 days d i d  no t shed I 

t h e  v i rus . 

2 .  The ELI SA tes t d e t e c ted group A ro tav i rus i n  46 ( 30% ) o f  1 5 2  faecal 

samp les , wh i le PAGE showed charac t e r i s t i c  RNA pa t te rns of g r o u p  A 

r o t av i rus i n  only 28 ( 1 8 . 4% )  o f  these samp les . Those samples wh i ch 

s h owed RNA pat t erns o f  group A r o t av i rus by PAGE were all  po s i t i v e  by 

ELI SA . The resul t s  con f i rm the h i gh sens i t i v i ty of the ELI SA t e s t and 

t h e  low sens i t i v i t y  o f  t he PAGE t echn ique as d i scus sed in chap t e r  t wo . 

3 .  Va r i a t i ons o f  g r o u p  A rotavi rus 

d e t e c ted by PAGE . Among the s i x  

i n  elect rophore t i c  

pi gge r i es s t u d i ed , 

pa t t erns are 

no common 

e l ec t rophore type was d e tec ted , al though the d i s tance be t ween s ome of the  

p i gg e r i es was as sho r t  as  30 Km . This  i s  probably due t o  t he pig herds  

b e i ng relat i vely closed wi th  m i n i mal t ra f f i cking be t ween them . 

4 .  More than one e l e c t rophore type o f  group A ro t av i rus was found t o  be • 

c i r cu l a t i ng in three o f  the  f i ve p i gger i es . 

5 .  Group A r o t av i rus  d e t e c t ed a t  Mas sey P i ggery appeared t o  b e  

r e l a t i ve ly s t ab le , w i t h  a s i ngle elec t rophore t y pe d e tec t ed f o r  t w o  

consecu t ive years . A d i f ferent  e lec t ro phoie type was d e t e c t ed i n  t h e  

t h i r d  year of the s t udy . Th i s  may have ari sen b y  mu ta t i ons and / o r  

reas s o r t men t .  

6 .  A group B- l i ke r o t avi rus was d e t ec t ed by PAGE i n  one o f  the  1 5 2  

samples . I t s  RNA p a t tern was s i m i lar to  tha t o f  group B ro tavi rus 

a l r eady repo r t ed . There  were sl i g h t  d i f f erences i n  the  mob i l i t y  o f  

s egmen t s  7 and 8 .  There f o re , con f i rma t ion o f  t h i s  v i rus by s e rol o gy i s  

requ i red . 

7 .  A RNA pa t t e r n  typ i cal o f  group C rotavi rus was d e t e c t ed i n  n i n e  ( 6% )  

o f  t h e  1 5 2  samples f r o m  four o f  the s i x  p igge r i e s . Th i s  was t h e  s econd 

mos t f requen t pa t t e rn de tec ted af ter  group A ro t av i rus . Th i s  sugges t s  
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t h a t  i n fec t ion w i th  group C r o t av i rus may b e  a s  wi des p read as tha t w i th  

group A r o tav i rus , even t hough the ra t e  o f  d e tec t i on of  g roup C 

ro tavi rus is low . 

8 .  The low ra t e  o f  d e t ec t i on o f  group C ro tav i rus i s  due t o  t h e  low 

sens i t i v i t y o f  the PAGE t echni que and the presence o f  m i xe d  i n fe c t i on 

be tween group A and C ro t av i ruse s . Thus , a more sens i t i ve t e s t such as 

ELISA is urgen t ly needed for d i agnos i s  and e p i demi ologi cal i nves t i ga t i on 

o f  i n fe c t ion by group C r o tavi rus . Care ful checki ng and compa r i s on o f  

m i xed electropho re types i s  also essen t i al t o  ensure tha t , i f  o t h e r  

groups o f  r o t av i ruses are  present i n  samples , they w i l l n o t be 

over looked . 

9 .  M i xed i n f ec t i on between g roup A and C ro tavi rus i s  common . O f  t h e  

n i ne samples con tain ing g r o u p  C r o t av i rus , s i x  a l s o  con t a i ne d  g r o u p  A 

ro tavi rus . 

1 0 .  No common elec t ro pho r e types o f  group C r o t av i rus were d e t e c t ed 

among t hese p i gge r i es . More than one elec t ro phore type o f  group  C 

ro tavi rus was detec ted i n  a t  leas t one of these p igge r i es . 

1 1 .  E i gh t o f  the samp les con t a in i ng group C r o t av i rus were co l le c t ed 

f rom p i gs aged 30-35 days . One was colle c t ed f rom two t o  f our d ay o ld 

p i gle t s  wi t h  d i arrhoea . An assoc i a t i on be tween i n fec t i on by g r o u p  C 

ro t av i rus and the d i a rrhoea i n  two to  four day old pigle t s  i s  i nd i ca t ed ,  

wh i le any poss i b le associ a t ion o f  i n fe c t i on .by group C ro t av i rus w i t h  

d i ar rhoea i n  p igs aged 30-35 days i s  not  known . 

1 2 . The e p i demi ology o f  r o t av i ral i n fe c t i on i n  p i gs i s  comp l i c a t ed 

s i nce no t only d i f fe r e n t  e lec t ropho retypes o f  group A r o t av i ruses , bu t 

also d i f ferent  groups o f  ro t avi ruses are ci r cula t ing in one p i gge r y  a t  

the same t i me .  
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GENERAL DISCUSSION 

Througho u t  the wo rld , group A r o t av i rus i s  s t i l l  a maj o r  cause o f  

non-bac t e r ial gas t roen t e r i t i s i n  i n fan t s , c h i l d ren and the young o f  

o ther mamma l i an and av ian species . I n  p igs , i n fec t i on b y  group A 

r o t av i rus has been asso c i a t ed w i th  two common d i a r rhoeal synd rome s , 

r e f e r re d  t o  as m i lk scours i n  sucking p i gle t s ,  and pos t -weani ng 

d i a r rhoea ( P�D) i n  recen t ly weaned p igs . I n  the  presen t s tudy , 

i nfec t i on by ro tav i rus was closely assoc i a t ed wi t h  the synd rome o f  m i lk 

s cours i n  sucking p igle t s .  Thus , i n  both  the cross -sec t i onal and coho r t  

s tud i es , suck i ng p igle t s  wi t h  d i ar rhoea were s hedd i ng ro t av i rus , whi le 

d i arrhoea was not  observed i n  those wh i c h  d i d  no t shed r o t av i rus . 

D i a rrhoea usually occur red i n  sucking p igle t s  soon a f t e r  r o t av i ra l  

s hedd i ng was f i rs t  d e t ec ted . Howeve r , there was not  a n  obvi ous 

assoc i a t i on between rotav i ral shedding and P�D . Most  of  the p i g l e t s  

w i t h  P�D wh i ch were i nves t iga t ed i n  the present  s tudy d id no t shed group 

A r o t a v i rus at that  t ime . P�D occu r red i n  these p i g l e t s  soon a f t e r  t h e  

aerob i c  faecal flora changed t o  o n e  i n  wh i c h  haemo ly t i c  E . c o l i  

p redomi na ted . These obse rva t i ons suppor t those o f  Lecce e t  al . ( 1 982 ) 

and Tz i po r i  e t  a l .  ( 1980b ) . These au thors also  found that  p i gl e t s  shed 

p o t en t i al ly pa thogen ic  E . c o l i  s o o n  af t e r  wean i ng and that  t h i s  c o i n c i ded 

w i t h  t h e  o ccur rence o f  P�D . 

I n  t h e  present  s t udy , an i n t e rest i ng obeserva t i on was made i n  t h e  

t h i rd coho r t  o f  t w o  l i t ters  o f  p i gle ts  des c r i bed i n  chap t e r  four . None 

of the 18  pigle t s  shed group A r o t avi rus or developed d i a r rhoea b e f o r e  

wean i ng .  Howeve r , a l l  t h e s e  p igle ts  shed r o t av i rus w i t h i n  f i ve d ay s  

a f t e r  wean ing , and nine o f  these an imals devel o ped mi ld d i ar rhoea 

l as t i ng for one t o  two days only . Four o f  t he 1 8  p igle t s  shed 

haemoly t i c  E . c o l i  two to  t h ree days a f t e r  wean i ng and ano ther f i ve shed 

t h i s  bac t e r i um 18 to  2 1  days a f t e r  wean i ng .  None of  them s howed a 

p redomi nance o f  haemoly t i c  E . co l i  i n  t he i r  ae r o b i c  faecal f l o ra o r  

d eveloped diar rhoea i n  rela t i on t o  the infec t i on .  This  obse rva t i on was 

s i mi lar  to that made by Lecce et al . ( 1 982 ) .  These au thors  a l s o  

repo r t ed tha t weaner p igs w i t h  rotav i ral i n fec t i on o n l y  developed m i ld 

d i a r rhoea wh i le those infec t ed w i th both  ro t av i rus and pathogen i c  E . col i 

developed severe d i arrhoea . Fur thermore , severe d ia r rhoea could no t b e  

i nduced i n  p igs b y  ar t i f i c i a l  i nocula t i on o f  pa thogen i c  E . co l i  u n l e s s  

the p igs were i noculated w i th  the pa thogen i c  E . co l i  d u r i ng a m i ld 

. I 



ro t av i rus-as s oc i a ted d i ar rhoea . F rom 

pos t u la t ed t ha t  ro tav i rus damaged the 

these resul t s ,  

e p i thel i um o f  

the authors 

the  sma l l  

i n t es t i nes , there fore 

favoured colon i z a t i on 

a l t e r i ng the lumenal 

by pa thogen i c  E . co l i . 

env i ronmen t t o  one tha t 

The resul t s f ro m  the 

presen t s tudy suppo r t  t h i s  pos tula t e . P i gle t s  i n  the f i r s t two coho r t s  

s hed r o t av i tus before o r  a t  the t ime o f  wean i ng and there f o r e  the i r  

i n t es t i nal e p i thel i um would have been damaged . The damaged e p i t he l i um 

o r  a changed i n t es t inal envi ronmen t  i n  these p i gle t s  favoured the 

colon i z a t ion  by haemoly t i c  E . coli  wh i ch resul ted in the PWD o b s erved i n  

t hem . P i gle t s  i n  t he t h i rd coho r t  d i d  no t shed group A ro t av i rus before 

wean i ng .  P resumab ly , t he i n tes t inal ep i th e l i um i n  these p igs was n o t  

damaged , and thus d i d  n o t  favour the colon i zat i on by haemoly t i c  E . co l i . 

Haemoly t i c  E . co l i  was only d e t e c ted s p o rad i cally and severe PWD , 

comparable t o  tha t seen i n  the o t her two coho r t s  o f  pigle t s , was n o t  

observed . I t  i s  therefore probable that group A ro tav i ral i n fec t i on was 

i n d i re c t ly i nvo lved i n  the PWD observed . 

Neve r theless , because i n f ec t i on by group A ro tavi rus i s  closely 

asso c i a t ed w i t h m i lk scours and may also e xacerba t e  PWD , i t s con t ro l  i n  

p igs would b e  bene f i c i al t o  the pig  i ndus t ry .  Any con t ro l  p rogram mus t 

be based on a sound knowledge o f  the e p idemio logy o f  t he par t i cular 

i n fec t i on or  d i sease . 

Inves t i gat i ons o f  t he e p idemiol ogy o f  porcine group A r o t av i ra l  

i n fec t i o n  have been conduc ted i n  many par t s o f  the world ( Askaa e t  a l . 

1983 , Debouck and Pensae r t  1 983 , L i p rand i e t  al . 1987 , U t r e ra e t  a l . 

1984 ) . Howeve r ,  the i n forma t i on ga th�red f rom these s t u d i e s  i s  l i mi t ed 

because pooled faeces f rom l i t t ers o f  pigs rather  t han f ro m  i nd i v i dual 

p igle t s  were exami ned , and samples were collected weekly r a t h e r  t han 

dai ly . In s ome o f  the s tudies , only faeces from d i ar rhoe i c  p igs were 

i nves t iga t ed . I n  the presen t s t udy , the  ep idemiology o f  g roup A 

ro tav i ra l  i n fec t i on i n  p igs was i nves t i ga t ed more thoroughly by 

exam i n i ng i nd i v i dual p i gle t s  d a i ly to det e r m ine the pa t t e rns of s hedd i ng 

and t ransmi s s i on o f  group A ro tav i rus , the t ypes o f  ro t av i ruses i nvolved 

and t he i n f luence of ma t ernally-d e r i ved an t i body on res i s tance to 

na tural i n fec t i on .  

The pat t e rn o f  shedd i ng o f  group A ro t av i rus was i nve s t iga t ed a t  

Massey P i ggery i n i t i al ly by a cross-sec t i onal s urvey i n  a l l  age groups 

of p igs , and t hen by fol low i ng three coho r t s  of p igle t s  from b i r th to 

e i ther  two mon ths of age or  t o  the t i me of s laugh t e r . The 

cross-s e c t i onal s t udy revealed tha t  47  ( 9% )  out of 5 2 1  p i gs in the 
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p iggery we re shedd ing r o t avi rus a t  the t ime o f  samp l i ng .  Only sucking 

( under four o r  f i ve weeks o f  age ) and weaner ( f rom wean ing t o  two mon ths 

o ld )  pigs shed g roup A ro tavi rus . Ro t avi rus was no t d e t e c ted i n  

f a t tener p i gs ( f rom two mon ths o f  age t o  s laugh t e r )  o r  adul t p i g s  ( sows 

and boars ) .  Du r i ng the sucking p e r i od , very young pigle ts  ( le s s  t han 

one week old ) d i d  no t shed group A ro tav i rus . Pigl e t s  began to shed the 

v i rus at two weeks of age . The p revalence ra tes o f  shedd i ng i ncreased 

w i t h  age , and rea ched a peak at f i ve weeks of  age , j us t  before or at the 

t i me of wean ing . 

The coho r t  s tud ies  c learly show tha t all the pigs b ecame i n fec ted  

w i t h  group A ro tav i rus before t hey were  40  days old . The age at  whi ch 

g roup A r o t av i rus was f i rs t  de tec t ed f rom them ranged f rom 1 3  t o  3 9  

days . The dura t ion o f  sheddi ng in  indi vidual p igle ts  was about  e igh t 

days , rang i ng from one to 1 2  days . A propor t i on o f  these p ig l e t s  shed 

group A 

shedd ing . 

r o t a v i rus f o r  a second t i me one t o  two weeks a f t e r  the f i r s t  

All p igs ceased shed d i ng the v i rus by two mon t hs o f  age . No 

ro t av i ral an t igen was de tec ted in the faeces of pigle t s  from two mon t h s  

o f  age t o  t h e  t i me o f  s laugh ter . Sows d i d  no t shed group A ro tav i ru s  

t h roughou t t h e  pe r i od o f  farrow i ng . These resul ts  con f i rm t hose  

o b t a i ned from  the cros s -sec t i onal s tudy . 

The pat t e rn of shedd ing of  g roup A rotavi rus i n  s ucking and weaner 

p i g l e t s  observed in  t h i s  presen t s t udy is generally in agreemen t wi t h  

tha t obse rved by mos t o ther wo rkers ( Askaa e t  al . 1 98 3 , Debouck and 

Pensae r t  1983 , U t rera et al . ,1984 ) . However , the f a i lu re to de t e c t 

group A ro tavi rus in  o lder pi gs , ipclud i ng fa t t ener pigs and s ows , i n  

t he present i nves t i ga t ion i s  in  c6n t ras t t o  s ome o ther repor t s . Group A 

r o t av i rus has been de tec ted i n  �a t t ener pigs under na tural cond i t i ons 

( Grom et al . 1 9 8 4 )  and has been e s t abl i shed by experimen tal i nocula t i on 

( Be rnard et  al . 1984 ) . Group A r o t av i rus has also been r ecovered 

o c cas i onally from gi l t s and sows wi th o r  wi thou t d i a rrhoea ( eo r t h i e r  e t  

a l . 1980 , McNu l ty e t  al . 1 9 7 6 c )  and from sows before and a f t e r  

par tu r i t i on ( Ben f i eld e t  al . 1 982 ) . The d i screpancy be t ween t he 

resu l t s  o b t a i ned from the presen t s t udy and those f rom o t her s t ud i e s  

could b e  d ue t o  a number o f  reas ons wh i ch have been d i s cussed i n  de t a i l  

i n  chap t e r s  three and four . The mos t  s ign i f i can t fac t o rs , con t r i bu t ing 

to t he d i f fe rences i n  resul t s  o b t a i ned in  the var i ous s t ud ies , are 

p robably t he i mmune s t a tus of  older p igs and the v i rulence of the 

par t i cular  v i ru s  s t rains . 

The fai lure t o  d e t e c t  group A ro tavi rus in  adul t p igs i n  the 
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p resen t s tudy i nd i ca t es tha t  adul t pigs , espec i ally sows , do n o t ac t as 

c a r r i e r s  for ro tavi ral infec t ion in young pigle t s  a s  p revi ous ly 

sugges t ed by o t hers . A f t e r  de tec t ing rotav i rus from s ows b e fore and 

a f t e r  par t u r i t i on ,  Ben f i eld et al . ( 1 98 2 )  sugges t ed tha t  adu l t p igs are 

of p r i mary i m po r t ance in  ini t i a t i ng ro tav i ral infec t i on in p igle t s . 

Lecce e t  a l . ( 1 978 ) also concluded tha t t here was a pos t pa r t um 

from t he dam t o  t h e  young . t ransm i s s i on o f  a small amoun t of  v i rus 

Based on t he f i nd ings of the present s tudy , this  now appears unl ikely . 

By 40 days o f  age , all t he pigle t s  shed group A rotav i rus a t  leas t once . 

None o f  the p i gs i nves t i ga t ed in t h i s  s t udy shed ro tavi rus when t hey 

were over t wo mon t hs of age . Ro tavi ral an t i gen was no t d e t e c t e d  in  any 

o f  the s ows ( 1 1 )  d u r i ng the period of inves t iga t i on . Th i s  was des p i t e  

t he fac t tha t faeces from these sows were also col l e c t ed d a i ly and 

t es t ed f o r  group A ro t avi rus f rom one week p r i o r  to farrow i ng u n t i l  t he 

wean i ng o f  t he i r  pigle t s . Fur t hermore , ro t av i ra l  an t i gen was no t 

d e t e c t ed i n  t he envi ronmen t where old pigs ( fa t tener  and s o w  houses ) 

were housed . The pa t t ern o f  shedd i ng o f  group A r o tavi rus i n  p igs was 

also s t ud i ed by Debouck and Pensae r t  ( 1983)  and they found t h a t faeces 

f rom a l l  s ows i nves t iga t ed we re always free from ro t av i ru s  and that  

shed d i ng of  ro t av i rus i n  pigs two weeks af ter  weani ng was an except i on .  

These resu l t s ,  t oge ther wi th the resul t s of  t h i s  present s tudy , s t rongly 

s ugges t tha t ad ul t p i gs do no t normally shed group A r o t av i rus and 

therefore are no t a reservo i r  for group A r o t avi ral in fec t i on . The 

o ccas i onal de tec t ion o f  group A ro t avi rus f rom g i l t s  and sows , 

espe c i al ly d u r i ng the t i me o f  far rowing ( Ben f i eld e t  al . 1 9 8 2 , eo r th i e r  

e t  al . 1 980 , G r o m  e t  al . 1 98 4 )  migh t  have been due t o  these s ows b e i ng 

t rans i en t ly i n fec t ed w i t h  ro t av i rus f rom the con tam i na t e d  env i r o nmen t o f  

t h e  far rowing uni t .  Thi s is  suppo r ted b y  the f i nd i ngs o f  t he pres en t 

s t udy i n  wh i ch r o t av i rus was read i ly de tec ted i n  t he env i ronme n t o f  the 

f ar rowi ng u n i t .  Furthermore , subc l i n i cal infec t ion as s hown by the 

increas e of se rum neu t ral i z ing an t i bodies  dur i ng the per i od of farrowi ng 

was demons t ra t ed i n  two g i l ts . The s t ress asso c i a ted w i t h  mov i ng s ows 

i n t o  the farrowing house may also result in  immunosuppress i on and t h i s  

render t h e m  m o r e  suscep t i b le to infec t i o n .  

A s t udy ( no t  r epo r t ed i n  d e t a i l  in  t h i s  thes i s ) , whi ch a i med t o  

clar i fy whe t h e r  o r  no t sows a r e  c a r r i e r s  of  ro t avi rus , w a s  c a r r i ed ou t .  

Two pregnan t sows were tho roughly c l eaned and then t rans f e r r e d  t o  a 

quaran t ine  un i t  whe re pigs had no t been prev iously hous ed . P i g l e t s  born 

of the two sows did no t shed g roup A r o t avi rus b e f o r e  wean i ng .  

Ro tav i ral an t i gen was no t de t e c t e d  i n  the sows dur i ng t he p e r iod o f  

i nves t i ga t i on .  Un f o r t una tely , these pigle ts  shed t h e  v i rus a week a f t e r  
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wean ing . Howeve r ,  i n  this  s t udy , the t ransmiss i on o f  rotav i rus by the 

au thor could n o t  be ruled ou t .  Fur ther expe r i men t s  of this k i nd should 

be carried ou t to con f i rm or deny the hypo t hes i s  that sows are no t 

carri ers o f  r o t avi ral i nfec t i on . Howeve r ,  t hey are ex t r emely d i f f i cul t 

exper i men t s  becaus e r o t avi ral infect ion is  u b i qu i t ous and cross 

t ransmi s s ion of ro t av i rus be tween species may occu r . 

I n  man , Ryder  e t  al . ( 1 986 ) also repor ted that  adul t s  wer e  no t the 

i mpor t an t  rese rvo i r  for i n f e c t ion s i nce t he rates o f  r o t avi ra l  i n fe c t ion 

i n  ch i ldren were the same regard less o f  whe ther or no t t hei r paren t s  had 

concurren t i n f e c t i on wi t h  rotavi rus . However , ra t es o f  r o t av i ra l  

i n fec t ion wer e  h i gher i n  paren t s  o f  chi ld ren w i t h  ro t avi ral i n fe c t i on 

t han i n  t hose o f  chi ld ren wi thout such infec t i on .  I t  appears that  

i n fec t ed chi l dr en are the mos t impor t an t  source of  r o t avi ral i n fe c t ion . 

The na t u ra l  t ransm i s s i on o f  ro tavi rus f rom piglet  t o  p i g l e t  and 

f rom l i t t e r  to l i t t e r  was obs erved in  t h i s  presen t s t udy . In each o f  

the coho r t s , usually one o r  two pi gle ts  began t o  shed g roup A r o t av i rus 

f i rs t , t hen i n f ec t i on s p read to o ther pigle t s  wi t h i n  the same l i t t er and 

subseque n t ly to pigle t s  in o ther l i t ters . A managemen t  sys tem o f  

cont i nuous far rowing i n  a piggery p rov ides a cons t an t  supply o f  

suscept i ble young p igle t s  and hence ensures the ma i n t enance o f  r o t av i ra l  

i n f e c t i on . 

A con t am i n a t ed envi ronmen t has been repo r t ed t o  be an i mpor tan t  

source o f  r o t av i ral i n f e c t ion i n  pigs ( Leece e t  al . 1982 , Voode and 

Bohl 198 1 ) .  Howeve r ,  no  previ ous a t temp ts have been made t o  d e t e c t 

r o tavi rus i n  t he envi ronmen ts  of  a piggery . I n  t he presen t s t udy , 

r o taviral an t i gen was demons t ra t ed i n  dus t and dry faeces f rom t he 

far row i ng and weaner houses and also f rom a d i sused weane r  house wh i ch 

had been free o f  p i gs for  three mon t hs . Ro tavi rus was only d e t ec t ed i n  

t he env i ronmen t s  whe re young pigle ts  were kep t .  Ro t av i ra l  an t igen was 

n o t  de t ec ted in houses where fat t ener pigs and sows we r e  kep t � 

Furthermore , porc i ne ro tavi rus can survive i n  faeces a t  amb i en t  

t empera t u re for  a l ong per iod ( more than four mon ths ) .  

The resu l t s  f rom t h i s  s t udy sugges t tha t  ro tavi ral i n f e c t i on i s  

mai n t a i ned i n  a p i ggery by con t i nuous t ransmiss ion from p igle t t o  pigle t 

and from l i t t e r  to l i t t e r .  The envi ronmen t o f  the p igge ry , e s pecially 

t hose p laces where young pigle ts  are housed , also plays an i mpor tan t 

role  i n  ma i n t a i n i ng the cycle o f  ro tav i ral i n fec t i on . Adu l t  pigs , 

i nc lud i ng sows , do  no t ac t as carr i ers , and therefore are no t a source 
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of  i n fe c t i on for  young p i gle t s . 

The ,p r o t e c t i ve e f fe c t s  o f  ma t ernally-de r i ved an t i ro t av i ra l  an t i body 

aga ins t r o t av i ral i n fec t i ons have no t been fully elu c i d a t ed . In  man , 

ro t av i ra l  i n fe c t i on occurs mos t ly i n  young chi ldren be t ween s i x  and 2 4  

mon t hs o f  age bu t very rarely i n  those less than s i x  mon ths o f  age ( se e  

s e c t i on 1 . 3 ) .  Howeve r ,  i nves t i ga t i ons of  the pro t e c t i ve e f fec t s  o f  

an t i r� tav i ral  an t i body i n  colos t rum have produced con f l i c t i ng resul t s . 

In  some s tu d i es , b reas t - fed bab i es were found t o  be much less  f requen t ly 

infec ted by r o t av i rus t han were bo t t le- fed bab i e s  ( Chrys t i e  e t  a l . 

19 7 5 , To t t e rd e l l  e t  al . 1 9 7 6 ) . O thers ( Yeinberg e t  a l . 1984 ) fai led 

t o  observe any s ign i f i can t d i f fe rences be tween breas t - and bot tle-fed  

bab ies i n  e i t h e r  the numbers o f  those  infe c t ed w i th r o t av i rus or t he 

ave rage age a t  i n fec t i on . Fur the rmore no corre l a t i o n  was found be tween 

the levels  o f  an t i ro t av i ral an t i body in  mo thers ' colos t rum and m i lk and 

pro t ec t i on of t he i r  bab i es f rom ro t av i ral i n fec t ions ( To t t e rd e l l  et a l . 

1982 , 1 9 8 3 ) .  In p igs , r o t avi ral infect ion occurs i n  a s omewha t s i mi la r  

manne r . P ig l e t s  aged be tween t h ree and s i x  weeks o f  a g e  a r e  mos t ly 

i n fec ted . P i gle t s  less t han t en days of age are rarely i n fec ted . Th i s  

has also  been a t t r i bu t ed t o  the presence o f  ma t e rnal ly-de r i ved 

an t i bod i es ( Bohl 1 9 7 9 ,  Debouck and Pensae r t  1 983 , U t r e ra et a l . 1984 ) . 

A l l  the p i g l e t s  i n  the present s t udy acqu i red an t i body f rom t h e i r  dams . 

The ma ternal ly-d e r i ved an t i body declined t o  a low leve l a t  t h ree to five  

weeks o f  age . Th i s  c o i n c i ded wi t h  the  ons e t  o f  s hedd i ng o f  r o t av i rus as  

obs e rved in  bo t h  t h i s  s t udy and by  o t hers (Bohl et  al . 1 9 7 8 . Debouck 

and Pensae r t  198 3 ,  U t rera e t  al . 1984 ) . The re fore , ma t e r na l ly-der ived 

an t i body appears t o  be pro t e c t ive against  na t u ral i n f e c t i on by ro tav i rus 

in  p igs d u r i ng the f i rs t  two weeks o f  li fe .  Howeve r ,  a co rrela t i o n  

be t ween t h e  l evels o f  ma t e rnal an t i body and t h e  occu r rence o f  ro t av i ral 

i n f ec t i on was no t observed in indivi dual l i t t e r s  of p i gle t s  in  t he 

present s tudy . From the pa t t ern o f  shedd i ng o f  group A r o t av i rus i n  

these p i g l e t s , i t  i s  sugges ted t ha t  young pigle ts  are usually pro tec t ed 

aga i ns t ro t av i ral i n fec t i on during the f i rs t  one or t wo weeks o f  l i f e .  

A s  the an t i body i n  some pigle t s  falls t o  low , unpro tec t i ve level s , these 

p igle ts  become i n fec t ed f rom o t her infec t ed an imals o r  f rom the 

con t amina t ed envi ronmen t .  These ini t ially infec ted a n i mals shed large 

amoun ts  o f  r o t av i rus , t hus amp l i fy i ng the challenge dose , so that o t her 

p i g l e t s , i n c lu d i ng those wi th  rela t i vely h igh levels o f  an t i body , become 

i n f e c ted . Th i s  hypo thes i s  is suppo r t ed by the expe r i men t c a r r i ed ou t by 

Lecce et a l . ( 1 9 7 8 )  i n  wh i ch a s t eady bu i ld up o f  ro t av i ral i n fec t i on , 

o f  i ncreas i ng c l i n i ca l  seve r i ty ,  was observed i n  p igle t s , when t hey were 

weaned at one day o f  age and i n t roduced con t i nuous ly t o  a nurs e ry 
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wi thou t i t  being f u r ther fum iga ted . The bu i ld u p  o f  t h e  chal lenge dose 

o f  v i rus so that  i t  exceeds the pro t e c t ive e f fec t s  o f  an t i body has also 

been repo r t ed 

Fahey e t  al . 

in  o t her s pec ies of an imals ( Conner and Darl i ng t on 1 98 0 , 

198 1 , Snodgrass e t  al . 1980 ) . 

The PAGE t echni que was also use fully employed in  t h i s  s tudy t o  

inve s t iga te the epi dem i o logy o f  porcine rotavi ral i n fec t i on i n  New 

Zealand . No t only were var i a t i ons in RNA pa t terns noted among group A 

ro tavi ruses f rom p i gs i n  d i f feren t pigge r ies i n  New Zealand , bu t also 

non-group A r o t avi ruses ( group B and C )  wer e  detec ted i n  the coun t ry f o r  

the f i rs t  t i me .  Var i a t i ons i n  elec t rophore t i c  pat t e rns have been w i d e ly 

de t e c ted among human group A rotavi ruses ( Ge rna e t  al . 1 98 7 , Lourenco 

et a l . 1 98 1 , Rodger et al . 198 1 ) .  He t e rogene i ty of the s egmen t s  o f  

r o t av i ral RNA has also been described i n  po r c ine group A r o t av i ruses by 

De San Juan e t  a l . ( 1986)  and Li prand i e t  al . ( 1 987 ) . The la t t e r  

au t hors repor t ed that  no common ele c t rophoretypes of  group A r o t av i rus 

we r e  de tec ted in  n i ne herds . In the presen t s tud i e s , group A 

ro t avi ruses d e t e c ted f rom the s i x  pigge r i es all showed d i f feren t 

e le c t rophore t i c  pa t t erns . 

S i nce the ini t ial  d e t e c t i on in the early 1980 ' s  o f  a ro t a v i rus i n  

p i g s  wh i ch was mo rphologi cally s i m i lar t o ,  bu t an t i gen i ca l ly d i s t i n c t  

f r o m ,  g roup A ro t avi rus ( Bridger 1980) , such v i ruses have been 

demons t ra t ed i n  a number of o ther species of animals i n c lu d i ng man . 

These r o t av i ruses have been fur t her charac teri zed and class i f i ed i n t o  

g roups B ,  C ,  D ,  E ,  F and G on the bas is  o f  serologi cal reac t i ons and RNA 

analys i s  ( B r i dger 1987 , Ped ley � . 198 3 ,  1986 ) .  Among thes e , groups 

B ,  C and E have been found t o  in fec t pigs ( B r i dge r 1 980 , Chasey et a l . 

1 98 6 ,  Sa i f  e t  al . 1980 ) . In the present s t udy , ro t av i ruses w i t h  

e l e c t rophore t i c pa t terns resembling group B and C ro t av i ruses were 

de t ec t ed by PAGE . Fur ther iden t i f i �at ion of t hese vi ruses by s e rology 

i s  requi red . 

I n  conc lus ion , ro t avi ral infec t i ons are i mpo r t an t causes o f  m i lk 

s cours i n  p igle ts , and are p�obably s ign i f i can t i n  exacerba t i ng PVD .  

The epidem i o logy o f  r o t a v i ral infec t i ons i s  compl i ca t ed by a number o f  

fac tors . These i nclude the con t i nuous t ransmiss ion o f  v i rus f ro m  pig  t o  

p i g  and f rom l i t ter  t o  l i t t e r ,  the surv i val o f  the v i rus i n  t h e  p i gge ry 

envi ronmen t ,  the incomp le te pro t ec t i on a f forded by ma t e rna lly-de r i ved 

an t ibody , and the s i mul t aneous c i rcula t ion of  di fferen t s t ra i ns and 

d i f feren t g roups of  r o t av i rus in one piggery . There fore , any p rogramme 

a i med t o  con t rol ro t avi ral infec t i on and assoc iated d i seases in p i gs 
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should t ake these fac tors  i n t o  cons i dera t i on .  The i n forma t i on o b t a i ned 

i n  this  s t udy may also have ap p l i ca t i ons i n  t e rms of  con t rol  o f  

r o tavi ral i n fe c t i on i n  man , espec i ally i n  con t ro l  

i n fe c t i ons i n  hos p i tals . 

o f  nosocom i al 

I t  i s  probably i mp rac t i cal t o  cons ider  a t t emp t s  t o  erad i ca t e  

r o tavi ral i n f e c t ion wi t h i n  conven t ional sys t ems o f  p i g  husbandry . 

However ,  r o t av i ral i n fe c t ion and rela ted d i seases could be reduced , o r  
t h e  onse t o f  ro tav i ral i n fe c t i on could b e  delayed , by reduc i ng t he 

envi ronmen t al con tam i na t i on w i t h  r o t avirus and / o r  ra i s ing the s pec i f i c  

i mmune s t a t us o f  the pigs . T o  ach i eve th i s ,  the followi ng 

recommend a t ions could be made f o r  commerc ial  p igge r i e s . 

I n  t e rms o f  reduc i ng the envi ronmen tal  contaminat ion wi t h  

r o t av i rus , emphas i s  should b e  pu t on managemen t prac t i ces . Since 

r o t av i rus is  t ransmi t t ed f rom pig t o  pig and from l i t t e r  t o  l i t t e r , the 

far rowing uni t should be ope r a t ed on an "all in  and a l l  ou t "  sys tem . 

A f t e r  each ba t ch o f  p i gle t s  i s  removed , the far rowing un i t  should be 

c leaned thoroughly includ ing the removal of any dus t and faeces . The 

who l e  un i t  should then be fumiga t ed .  Th i s  would ensure that any 

r o t av i rus wh i ch remains in dus t o r  faecal ma t e r ial is inac t i va t ed . The 

s t udy s howed that ro tav i rus could s t i l l  be d e t e c ted i n  the dus t 

c o l le c t ed f rom su rfaces of  the wal l s , and metal  and wood f i t t i ngs , and 

f rom feacal ma t e r i al le f t  on t he f loor space be tween the far rowing pen 

and the  wal l . This clearly i nd i ca t es tha t the rou t i ne procedures o f  

c l ean i ng and d i s i n fec t i on car r i ed ou t i n  New Zealand p igge r i es are no t 

adequa t e  t o  comple tely remove r o t av i ral con t am i na t i on . 

I n  t e rms o f  rais i ng the i mmune s t a tus o f  p i gs agains t rotavi ral 

i n fec t i on ,  s ows could be immun i zed be fore partur i t ion if  a s a t is fac t o ry 

vacc i ne o r  vac c i nes were developed . Success ful vacci na t i on would need 

to achi eve a high and uni form level of  i mmuni t y in  herds of pi gs . The 

p resen t s t udy shows t ha t  ma t e rnal ly-der ived an t i body is pro t ec t i ve 

aga i n s t ro t av i ral infec t i on , especi ally d u r i ng the f i rs t one or two 

weeks o f  l i f e .  Howeve r ,  p i gle t s  wh i ch acqui red low levels of an t i body 

f rom dams could become i n fec ted wi th  ro tav i rus ear l ier  and shed large 

amoun t s  of v i rus , wh i ch even tually overcome the pro t e c t i ve ef fect o f  

even h igh leve l s  o f  an t i body i n  o t her pigl e t s  o f  the s ame group . 

Neve r t heless , ro t avi rus - f ree herds could be es tabl i shed by der iving 

p i gl e t s  by caesarean s e c t i on and rea r i ng them under s t r i c t  quaran t ine i f  

i t  was eve r con s i d ered neces sary o r  des i rable . 
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Appendix I 

COHPOSITION OF BUFFERS AND SOLUTIONS 

A .  BUFFER AND SOLUTION USED FOR CELL CULTURE 

1 .  Ant ibioti c-Tryps in-Versene (ATV) 

0 . 5  g Tryps i n  
0 . 2  g Ve rsene ( EDTA Seques t r i c  a c i d ) 
8 . 0  g NaCI 
0 . 4  g KCI 
1 . 0  g Dex t rose 
0 . 58 g NaHC0 3 

2 x 1 0 5 IU Peni c i l l i n  
1 00 . 0  mg S t re p t omyc i n  

0 . 02 g Penol red 

1 7 7  

Made u p  t o  1 L wi t h  deioni sed d i s t i l led wa t e r .  Ste r i l ise  by f i l t ra t i on . 

2 .  Eagle ' s  minimum essen t i al med i um ( HEH )  

1 0 . 0  g MEM power 
1 .  0 g NaHCO� Made up t o  1 L W I th  de ioni sed d i s t i l led wa ter . S t e r l i se by f i l t ra t i on . 

S t o r ed a t  _4° C .  

3 .  Peni cillin , S t reptomyc i n ,  Kanamycin ( PSK) 

1 0 . 0  g S t re p t omy cin  
1 0 . 0  I -mega vial  Pen i c i l l i n  
1 0 . 0  g Kanamyc i n  

Made up to 1 L PBS .  S t e r i l ise  by f i l t ra t i on .  

4 .  Phosphate Buf fered Sali ne ( PBS) 

8 . 0  g NaCI 
0 . 2  g KCI 
1 . 1 5 g Na 2 H P0 4 
0 . 2  g KH 2 P0 4 

Made up to 1 L w i t h  deionised wa ter . S t e r i l i se by au t oclav i ng ( 1 5 1 b s  
for 1 5  minutes ) .  F i nal pH 7 . 2- 7 . 4 .  

5 .  T rypan Blue 

0 . 2  gm T rypan b lue powder 
1 0 0 . 0  ml PBS 

D i s p ense in 1 . 8  mls . 

B .  BUFFER AND SOLUTION USED FOR ELISA 

1 .  Carbonate-bi carbonate Buf fer (0 . 05 H )  

1 .  5 9  g Na 2 C0 3 
2 . 93 g NaHC0 3 

Made up to 1 L d e i on i sed wa ter . F i na l  pH 9 . 6 .  

2 .  Ci t rate-phospha tase Buf fer ( 0 . 1 H )  
7 . 3  g Ci t r i c  acid , H 2 0 

1 1 . 86 g Na 2 HP0 4 , 2H 2 0 



Made up t o  1 L wi th dei oni s e d  wa t e r .  Final pH 5 .  

3 .  Phosphat e  buffered saline ( PBS) ( 0 . 02 H )  

8 . 0  g NaCl 
0 . 2  g KH2 P0 4 
2 . 9  g NaiHP0 4 ( 1 2 H 2 O )  
0 . 2  g KC 

Made up t o  1 L w i t h  d e i on i s e d  

4 .  PBS-Tween 20 

0 . 5  ml Tween 20 
Made up t o  1 L wi th PB S .  

5 .  PBS-Tween-l%BSA 

1 . 0  g BSA 

wa t e r . 

Made up t o  100 ml wi t h  PBS-Tween 20 . 

6 .  Subs t ra te solut ion 

Final pH 7 . 4 .  

2 0  ml  Ci t ra t e-phosph a t a s e  buf fer 
8 . 0  mg OPO 
8 . 0  m l  H2 02 

M i x  above reagen ts  toge ther i mmed i a t ely before use . 

C .  BUFFER AND SOLUTION USED FOR GEL Elec t rophoresi s  

1 7 8  

1 .  30% acrylamide ( acryl ) + 0 . 8% N ,  N' -me thylene-bi s-acrylamide ( HBA )  

3 0  g acryl 
0 . 8  g MBA 

D i s olved and made up t o  100 ml w i t h  d i s t i l led wat e r . 

2 .  Lower t ris ( 1 . 5  H )  

18 . 1 7 g T r i s  base 
Made up t o  100 ml wi th d i s t i l led wa ter and adj us t to pH 8 . S .  

3 .  Upper t r i s  ( 0 . 5  H)  

6 . 06 g Tris  base 
Made up to 100 ml wi th d i s t i l led wa ter and adj us t to pH· 6 . S .  

4 .  1 0% Acrylamide gel 

ml H2 0 
ml Lowe r t r i s 

2 0 . 1 5 
1 2 . 50 
1 6 . 6 3 
1 2 . 50 

ml 30% acryl + 0 . 8% MBA 

5 .  

0 . 7 5 
� l  N , N , N ' , N ' - t e t rame t hylethylene-diamine ( TEMEO ) 
ml 2 

3% S tacking gel 

1 2 . 40 ml H2 O 
5 . 00 ml Upper t r i s  
2 . 00 ml 30% aeryl + 0 . 8% MBA 

1 2 . 50 \.1 1  TEMEO 
0 . 65 ml 2 



6 .  1% Formaldehyde + 0 . 75 H KOH 

4 . ml 38% Fo r maldehyde 
12 g KOH 

Made up t o  400 ml w i t h  d i s t i l led water . 

7 .  Running buffer 

1 2 . 0  g Tris base 
57 . 6  g Glyc ine  

Made up t o  4 L wi t h  d i s t i l led wa ter . 

8 .  Sample buf fer 

7 . 5  ml Uppe r t r i s  
2 . 5  m l  Glyce rol 

1 0  mg Bromphenocl blue 

9 .  Si lver n i t rate  ( 0 . 01 1  H) 

0 . 3 7 g S i lver n i t ra t e  
D i solved and made u p  t o  2 00 m l  wi th d i s t i l led wa t e r . 

10 . Sodi um acetate buf fer wi th 1% sodi um dodecyl sulfate ( SDS ) 

a .  0 . 1 M Ace t i c  a c i d  

6 g Glacial ace t i c  acid 
Made up t o  1 L de i o n i z ed wa ter . 

b .  0 . 1  M Sod i um ace t a t e  

1 . 15 g Anhyd rous sod i um ace t a t e  
M ade up t o  1 4 0  ml w i t h  d e i on i zed wa te r . 

60 ml 0 . 1 M Ace t i c  acid 
140 ml 0 . 1  M Sod i um ace t a t e  

2 g Sod ium d odecy l s u l f a t e  
M i x  t h e  above and adj us t to p H  5 . 0 .  

D .  BUFFER AND SOLUTION USED FOR OTHER PURPOSE 

1 .  Earle ' s  balanced sal t solut ion 

6 . 8  g NaCl 
0 . 4  g KCl 
0 . 2  g MgS0 4 . 7 H 0 
0 . 1 6 g NaH 2 PO 4 JH 2 0 
2 . 2  g NaHC0 3 
1 . 0  g Dex t ro s e  
0 . 02 g Phenol red 
0 . 2  g 

l l 'j 

Made up to 
CaCl i 

1 L W I t h  d e i o n i sed d i s t i l led wa t e r . Ste r i l i se by f i l t ra t i on . 

2 .  Tri s  buf fer ( 0 . 1  H )  

14 . 04 g T r i s  HCI 
1 . 34 g T r i s  base 

Made up to 1 L wi t h  d i s t i l led wa ter  and adj us t to pH 7 . 2 . 
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