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ABSTRACT 

An Ind i rect  F luo rescent An t i body Tes t ( I . F. A . T. ) was developed 

for the ident i f i ca ti on of carriers  of S t reptococcus sui s .  This test  

wa s more  a c c urate than the " t radi t ional"  cultural techniques .  The 

sen s i t iv i ty for  de tect ing S .  suis  type 1 f rom tonsilla r  swabs was 62% , 

and 7 6% for  S .• suis  type 2 .  Fo r nasal  swabs collected from live pigs 

the sens i t iv i ty was 48% and 60% r e s pectively .  

F r om t h e  e x a m i n a t i o n  o f  9 5 9  non  s pe c i f i c  p a t hogen f r ee  

domes t i cated pi gs  f rom 6 3  herds , 263  specif i c  pa thogen f ree ( SPF)  pigs 

f rom seven herds and 9 6  fera l pigs  i t  is concluded tha t  all non-SPF 

domes ticated pigs older than five weeks of age are infected with bo th 

S .  s u i s  t y p e s  1 and 2 .  Va r i a t i o n in t h e apparent prevalence of 

i nfection be tween dif f e rent herds was associated with  the number of 

p i g s  s amp l e d in e a c h  herd r a t h e r  than  a real var i a t i on in the 

prevalence and was s im i lar in bo th New Zealand and Aus t ralian non-SPF 

dome s t icated pigs.  Three of seven SPF he rds tes ted in  Aust ralia were 

free f rom i nfect ion wi th S .  suis  types 1 and 2. It i s  proposed tha t  

all S P F  pigs a re deliv e red f ree f rom infec tion and tha t i nfect ion i s  

subs equen t ly i ntroduced into the piggery .  

S t reptococcus suis was detec t ed from nume rous t i s sues and fluids 

i ncluding the blood of normal pigs . I t  is  sugges ted tha t the isolat i on 

of S .  suis f rom "diseased" t i s sue does no t infer that S .  suis was the 

pr imary aeti ological agen t .  

Al though both S .  suis  types 1 and 2 we re readily detect ed i n  the 

env i ronment of pigs housed in an i n t ensive p iggery , the mai n  routes of  

t ra n s m i s s i on we r e  c ons i d e r e d  t o  b e  d i re c t  con t ac t or  neona tal 

infect ion of piglets  bo rn to sows wi t h  vaginal i nfect ions . 

B a s e d  o n  s e r o l o g i cal r e s ul t s  f r om u s i ng an  Enzyme Li nked 

Immunosorbent Assay ( EL I SA ) , the pa t t ern of  i nfect ion due t o  S. sui s 

types 1 and 2 was s imilar  in dome s t i c  pig s .  I n  feral  pigs the pa t tern 

of i nfect ion due to S.  suis type 2 was s imilar to tha t of dome s t i c  

pig s , but in t h e  case of S .  s u i s  type 1 the p revalence and t i t res were 

consid erably lower in f e ral  pig s .  It i s  concluded from these resul t s ,  
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that b oth domestic and feral pigs are true long term carriers of 

s. suis type 2 whi l st s. suis type 1 i s  ma intained within  a population 

by a series of rei nfections dependent on the populati on density. 

There wa s no evidence of  ascend ing uro-genital infection o r  s igns 

o f  c l i ni cal d i sease in 24 bacon weight pigs  i noculated with S. sui s  

type 1 o r  2 by e i ther the i ntravag inal o r  i ntrapreputial route s .  When 

two l i tt e r s  o f  p r evi ous ly non- i nf e ct e d  p i g s  we re i ntranasa l ly 

i noculated with s. suis , no pigs developed c linical s igns .  The results 

of this experiment showed that the infective dose was less than lOO 

o rgan isms  by thi s  route . Only one of  eight pigs developed "classical "  

cl inical s igns after i ntravenous i noculation with a porcine isolate of  

s. sui s type 2 .  Some pi gs  remained apparently normal even though high 

numbers of o rgani sms were present in the blood for up to two weeks . 

Only two of  fourteen pigs inoculated with S.  suis type 2 i nto the 

c e re b r o-spinal f luid ( C . S. F . ) d eveloped s i gns of clini cal diseas e .  

Both these pigs were i noculated with a human strain o f  S .  suis type 2 .  

To explain these results i t  i s  proposed that strains  of S .  suis of  

d ifferent pathogenicity exist. Thi s hypothe s i s  was suppo rted by  the 

f i nd ing s  that thi s  human strain was also pathogenic for  mice , rats and 

r abbits whi lst the po rcine i solate was pathogeni c only f o r  rabbits. 

A c ross-s ecti onal s tudy of various occupational g roups showed a 

positive correlation between contact with pigs and being seropositive 

to S .  suis type 2 .  No veterinary students , 1 0 . 3% of meat inspectors , 

1 4 %  o f  d a i ry farmers who also kept p igs and 2 1 . 4% of pig f arme rs were 

seropos i tive . In exposed pig farmers the annual i ncidence of sero­

conve r s i on could be as high as 30%.  It is believed that subclinical 

i n f e c t i on o f  human s , a s  w e l l  a s  p i g s , occurs and that isolates 

pathogenic for pigs  are also pathogenic for other species  of animal s  

i nc luding man .  

I t  i s  hypoth e s i z e d  that s .  sui s i s  endem i c  i n  p i g s  a t  a 

preval ence rate approaching 1 00% i n  all countries  where pigs are kept . 

The pathogenicity of i s o lates can vary and thi s  could account for 

variations i n  the seve rity of  d i s ease reported throughout the world . 

It i s  conc luded that S .  suis i s  usua l ly a commensal and i s  involved i n  

a d isease process only when pathogenic stra ins are present and afte r 

some othe r pr ima ry i nsult . 
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CHAPTER I 

INTRODUCTION 

Wi th  t he shi f t  f rom ex t ens ive farming of pigs to i n t ensively 

reared and housed pigs , t here have been significant changes i n  the p i g  

i nd u s t ry .  Thi s  m ove t o  ful ly enclosed housing and the assoc i a ted 

"closing" o f  herds to lim i t  the int roduction of new pigs has re sulted 

i n  a shif t in the re l a t ive impo rtance of  pa r t i cular diseas e s .  The 

in tens i f i c a t i on of pig herd s  has reduced the exposure of p i g s  to some 

d i seases  as socia ted with  "open" he rds such as Swine Fever , reduced the 

impo r tance of  d i seases re la ted  to an uncon t rolled env i ronment such as 

i n fec t i ons with Ascaris suum , whil s t  the con t rol of  swi ll feeding has 

reduced thei r exposure to many po tential  zoonotic and exo t i c  dis eas e s .  

Howeve r except  for  s t r i c t  specific pathogen f ree herd s , the increased 

concent ration of p i g s  w i thin a build i ng has facili t a t ed the spread of 

i n fecti ons including mycoplasmas , rot a virus , en teropa thogenic s t ra i ns 

o f  E .  co li , Y e r sinia e n t e r o c o li t i c a  and  s. s ui s . Some of these 

o rgani sms such as ent e ropa thogenic E. coli resul t in obv i ous c linical 

d i s ea s e , whi l e  o t he r s  a l t hough hig h ly end emi c such as  Yers i nia 

en terocoli t i ca may cause l i t tle  clini cal effect but be of importance 

to pub l i c  heal th. 

Infec t i on with S t re p t ococcus sui s i.s now recognized as one of the 

mos t impo r t ant bac t e ria l d i .s eases of p i g s  i n  many count r i es of the 

wor l d  ( C l i f t on-Hadley and Al exander , 1 98 4 ) . Streptococcus suis type 2 

can a l so cause a serious di sease in humans . Al though human disease has 

b e e n  repo r t e d to o c c u r  r a rely in wes tern count ries , i t  has been 

s u g g e s t e d  that s. s u i. s  is a possible eme rging zoonoses ( Ayanwa l e , 

1 986 ) . St rept ococcus sui s has also been reported t o  occasionally cause 

d i sease in other animal s pecies ( Anon , 1 978b ; Keymer  et  a l , 1 983 ) .  

As the author was in t e res ted in , and had some experience wi th 

diseases of pigs , and was a lso i ntere s ted i n  epidemi ology and public 

hea l t h ,  the problems rela t ed to infec tion wi th S. suis offered the 

po tential to us e epidemiologi ca l t echni ques to inves tiga t e  a di sease 

of  p igs which also was a zoonosis of appa rent ly i ncreas i ng impo r t ance. 



S t re p t o c oc c u s  s u i s  a p p e a r e d  t o  be  a n  int riguing and fascina t i ng 

organi sm because f i rs t , i t  was one of the few po rcine z oonot i c  agents  

p r e s e n t  i n  New Zealand and  Aus t ra l i a .  Secondly , it  was appa rent ly 

d i f f e rent  to  other s t reptococci whi ch a re usually hos t-spec i f i c  and 

the refore rarely zoono t i c .  Finally , a l t hough d isease due to S. sui s i s  

a s er ious cause o f  pig mo rtal i ty i n  the United Ki ngdom , i t  was not 

recognized as of  maj or impor tance in Aus t ra l i a  (Webs t e r , pe rs .  comm. ) ,  

and before the wo rk reported i n  this the s i s  i t  wa s no t known i f  the 

d isease  was present  in New Zealand . Prelimi nary s tudi es sugge s t ed t ha t  

the bacter i um was present i n  a h igh propo r tion of New Zea land pig s .  

These f i nd i ngs s timulated t h e  present work in a n  at t empt to  answer the 

following prelimina ry que s t i ons : Was c l i nical disease present i n  pigs 

in  New Zealand? Was the pa t te rn of infect ion i n  pigs similar to  that 

repo r ted f rom o the r countries? Obv i ous ly if  maj or d i fferences i n  the 

pa t t ern of  infe c t i on wi t h  S .  sui s occurred between New Zealand and 

Aus t ra li a ,  and o ther countries , the reasons for such d i f ferences would 

need t o  be i nves t iga ted fur the r .  

Ini t i ally , precise and accura te bac t e riologica l and serolog i cal 

techn iques had t o  be developed . Howeve r the empha s i s  of  the present  

work i s  on  the ecology of  S .  suis  and the  epidemi ology of  infec t i on ,  

rather than a bac t eriological  s t udy o f  the organ i sm .  Thus the main 

obj e c t iv e  of the wo rk in t h i s thes i s  was t o  i nve s t igate factors 

causally assoc i a ted wi th i nfect ions by S.  suis in anima ls and humans. 

The ways i n  whi ch at tempts we re made t o  achi eve thi s goal w i l l  be 

out li ned and d i scussed.  

The next chapt e r ,  a l i t e ra ture revi ew , a t tempt s t o  i l lus t rate  the 

pat te rn of  infection  wi th s. sui s  i n  p i g s  as  wel l  as  the publi c  hea l t h  

signi f i cance of the bacterium .  More d e t ailed rev i ews o f  pa r t icular 

a s pe c t s  of S .  sui s wi l l  precede speci f i c  chap ters.  

The work recorded i n  this  thes i s  i s  essent i a l ly in four pa r t s ; 

d ev e l o pm e n t  o f  t e ch n i q u e s  t o  d e t e rm i ne the t r ue prevalence and 

incidence of i nfec ti on , the ecology of s. sui s , the e p i demio logy of 

i n f e c tion and the publi c  hea l th a s pe c t s  of  this organism.  
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CHAPTER I I  

L ITERATURE REVI EW 

HI STORY OF  STREPTOCOCCUS SUI S  

The genus Streptoc occus c ontains organisms that are among the 

mo st  important bac t erial pathogens of man and animals  ( Woods and Ros s ,  

1 9 76 ) .  Streptoco c c i  may be f r e e-living , commensals or act as  primary 

pathogens ( Finegold et a l , 1 9 78 ; Soltys , 1 9 79 ) .  They can  inhabit the 

muc ous membranes of the mouth and nose , the lower urogenital  t r ac t , 

the alimentary tract  and also  the skin of both man and animals  ( Hi l l  

and Mat sen , 1 9 7 7 ; Windsor , 1 978 ) . Streptococ c i  have been isolated f rom 

a wide variety of t i s sues and disease conditions in pigs of a l l  ages  

( Woods and Ros s ,  1 9 7 6 ; Schoon , 1 983 ) . Represent at ives o f  most  

Lanc e f ield  groups , as wel l  as  many strains that could  not be  typed , 

have been isolated from the t i ssues of diseased pigs ( Shuman and Ros s , 

1 9 7 5 ) . The pathogenic signi f icance of streptococci  isolated from pigs , 

has often  been d i f f icult to  det ermine because of the wide range in 

types of streptococ c i ,  the high preva lenc e in muc ous membrane 

secret ions and their frequent i solat ion in mixed c u l tures wit h  other 

bac t eria ( Ross , 1 97 2 ) .  

St reptococcus suis types 1 and 2 ,  which belong to  Lanc e f i e ld ' s 

groups S and R respect ively , were first described by De Moor ( 1 96 3 ) .  

He isolated these charac t e r i s t ic streptococci from pigs with  

septicaemia . I t  would appear that  the same spec ies of  streptoco c c i  had 

previously been isolated from pigs with signs of septicaemia ( Hare 

et a l , 1 9 42 ;  Bryant , 1 94 5 ; Ray , 1 94 5 ) ,  meningo-enc epha li t i s  ( McNut t  

and Packer , 1 9 43 ) ,  endocardi t i s  ( Kernkamp , 1 94 1 ; Hont and Banks , 1 94 4 )  

and arthritis  ( Sekiguchi and Irons , 1 9 1 7 ) . However u sing the ant isera 

avai lable at the t ime , these early isolates  could not  be  typed by the 

Lanc e fi e ld grouping method ( Lancefield , 1 9 3 3 ) . Streptoc occi i solat ed 

from outbreaks o f  meningo-enc epha litis  in one to six mont h old pig s  in  

Hol land ( Jansen and Van Dors sen , 1 95 1 )  and from two to  six week old  

pigl e t s  with meningitis  and arthritis in England ( Fi e ld et a l , 1 95 4 ) 

wer e  subsequent ly shown by De Moor ( 1 96 3 )  to belong to  the new 

streptococcal groups R and S .  
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Streptococcus suis has subsequently been isolated from pigs  in 

most  pig rearing c ountries of the world including Denmark ( Ri i s ing , 

1 976 ) , England ( Windsor and Elliot , 1 97 5 ) , the German Democratic 

Republic ( Kunt er and Wit t ig , 1 9 7 6 ; Kunter , 1 982a ) , Brazil  ( Re i s  e t  a l , 

1 980 ; Farinha et  a l , 1 98 1 ; Mart ins et  a l ,  1 98 5 ) , Ire land ( Power , 

1 9 78 ) , the Unit ed States of  America ( Koehne et a l , 1 9 7 9 ) , Canada ( St 

John et a l ,  1 982 ; Breton et al , 1 986 ) , Holland (Van der Schaaf e t  a l ,  

1 96 1 ; De Moor , 1 963 ) ,  West  Germany (C lause n ,  1 980 ; Schoon e t  a l , 

1 980 ) , Australia ( Buddle et  a l ,  1 9 8 1 ) ,  Poland ( St r o j na et  a l , 1 9 78 ) ,  

Rumania ( Carol-Dumitriu and Bercea , 1 98 1 ; Carol -Dumitriu et a l ,  

1 98 1b ) , Bulgaria ( Zhelev e t  a l , 1 960 ) , France (Vais saire e t  a l , 1 98 3 ; 

Madec et  al , 1 98 5 ) , Czechoslovakia (Nesvadba et al , 1 960 ) ,  Hong Kong 

( Chau et al , 1 983 ) ,  It aly ( Simonella et a l ,  1 970 ) , Taiwan ( Lu e t  a l , 

1 985 ) ,  China ( Yang and Wang , 1 9 85 ) ,  Peru ( Carpio , 1 9 78 ) , Japan ( Azuma 

e t  a l , 1 983 ) ,  Yugos l avia ( Popovic and Duj in ,  1 9 7 1 )  and New Zea land 

( Robert son,  1 98 5b ) . 

Although S .  suis consists  of two main  serologic a l  types ( 1  and 

2 ) ,  at least seven o ther serotypes ( types 3 to  9 )  have been rec ognized 

( Perch et a l ,  1 983 ; Thornt on,  1 987 ) as  we ll as  one serotype t hat 

shares propert i e s  wi th both S .  suis types 1 and 2 and has been 

designa t ed group RS ( S. suis type 1 / 2 ) ( Perch et a l , 1 9 8 1 ) .  

ECONOMIC IMPORTANCE OF STREPTOCOCCAL INFECTIONS IN PIGS 

Riising et  al  ( 1 976 ) showed that 2 . 4 %  of pig l e t s  born a live in 

Denmark died from a streptoc occal infec t ion during the pre -weaning 

period . They believed haemolyt ic streptococci were one of t he most  

important bac terial  causes of pre-weaning mortality . Losses  f rom 

streptococcal infe c t ions made up 1 3 . 7% of the t o t a l  pre -weaning 

deaths . However ,  S .  suis accounted for only 2 %  of these streptococcal  

infect ions . 

Jones ( 1 9 7 6 b )  demonstrated that streptococc i  were c ommonly 

isolated from pigs o lder t han one week of age . He f ound that 8 9 %  of  

pigs  older than four  months , were carrying streptoco c c i  within t heir 

tonsils . Pilot et  al ( 1 9 3 6 ) and Shimizu et al  ( 1 9 5 9 )  simi larly 

demonstrated 9 6 %  and 7 1 %  of  pigs were carrying streptococc i  wit hin 

t heir tonsils . Because  of  the high rate of  infection with strepto c o c c i  

4 



in tonsils and t he failure to  dete c t  gross pathological c hanges in 

such tonsils , Pi lot et al  ( 1 9 3 6 ) believed t hat streptococc i  were part 

of the norma l bac terial f lora of  the lymphoid t issue of  the 

oropharynx . 

Table 2 . 1  l i s t s  the recorded relative proportion of  s t reptococci 

belonging to each of the maj or Lanc ef ield groups , isolated from 

diseased spec imens from pigs . The recent rise in t he proport ion of 

streptococc i  belonging to Lanc e f ie ld groups S and R may be a s soc iated 

with greater awareness  and int erest in the organisms , the availability 

of commercial ant i sera to  these groups or an a c t ua l  rise in  the 

preva lenc e of  pigs infected with the se streptococ c i . Most  i s o l a t e s  of 

Lancefield ' s groups S and R ( S .  suis t ypes 1 and 2 )  have been recorded 

in Britain and Europe , where c linical disease due to  these two groups 

is more commonly reported . St reptococ c a l  mening i t i s  a c c ounted for 

2 1 . 7% of the t o t a l  post-weaning mortality  in Britain in  1 98 3  ( Anon ,  

1 983 ) . I t  was a lso reported ( Anon , 1 97 9b )  that in Britain meningitis  

due t o  S .  sui s  type 2 together with  colibac illo s i s , wer e  the  most 

commonly report ed di seases in pigs . Von Bocklisch and Zepezauer ( 1 9 7 9 )  

recorded that s t rept ococci belonging to  groups R and S caused a more 

severe disease in  pigs than did streptococci  of  other Lanc e f ield 

groups . 

Table 2 . 2 summarizes the recorded morbidity and mort a l i t y  in 

outbreaks of S .  suis  types 1 and 2 .  Although epidemic s  of  t he d i sease 

are more like ly to  be report ed in the lit erature , sporadi c  cases of  

sudden death may in fact  be  a more c ommon manifestat ion of  the d i sease 

( St .  John et a l , 1 9 82 ) .  

PATHOLOGICAL EFFECTS  

C linical  Signs 

Streptococcus sui s type 1 ( group S )  affec t s  sucking piglet s 

generally less  than  four weeks of age whi l st S .  suis type 2 ( group R )  

a f f e c t s  weaner and grower pigs (Ano n ,  1 97 9 a ) . Disease d u e  t o  S .  suis 

type 2 is  mos t  c ommon following weaning and mixing l i t t e r s  together , 

with most cases  occurring between three and twe lve weeks of  age 
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TABLE 2 . 1 

PROPORTION ( % )  OF DIFFERENT LANCEFIELD GROUPS* OF STREPTOCOCCI I SOLATED FROM PIGS 

NUMBER OF PERCENTAGE OF EACH LANCEFI ELD GROUP I SOLATED 
REFERENCE I SOLATES Group Group Group Group Group Group Group 

EXAMINED R s c E L p D 

Simmons 
1 96 3  2 9 3  0 . 0  3 . 4  2 3 . 2  0 . 4  8 . 2  8 . 9  45 . 0  

Jones 
1 976a  1 2 5  6 . 4  1 8 . 4  40 . 0  0 . 0  1 6 . 0  0 . 0  1 2 . 8  

Riising 
1 9 7 6  2 2 7 5  0 . 2  1 . 9  43 . 9  1 . 2 3 3 . 7  2 . 5  1 3 . 8  

Carpio 
1 9 7 8  1 8* *  0 . 0  5 . 5  3 9 . 0  33 . 0  0 . 0  0 . 0  0 . 0  

Koehne 
et al 1 97 9  98 1 4 . 3  2 . 0  42 . 8  5 . 1  4 . 1  0 . 0  30 . 6  

Van Bocklisch  
Zepezauer 1 97 9  2 5 9  8 . 1  8 . 5  2 4 . 8  1 . 1  3 6 . 7  1 1 . 4  0 . 0  

(cont inue d )  
* Non-typable and minor groups not inc luded 
** Isolated from healthy pigs 



TABLE 2 . 1  ( continued ) 

NUMBER OF PERCENTAGE OF EACH LANCEFIELD GROUP I SOLATED 
REFERENCE I SOLATES Group Group Group Group Group Group Group 

EXAMINED R s c E L p D 

Kunter 
1 982a  4554  8 . 6  10 . 3  2 6 . 4  0 . 0  1 6 . 8  0 . 0  0 . 0  

Vaissaire 
et al 1 983  2 7 3  48 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Vaissaire 
et al 1 984 320 60 . 0  0 . 0  1 5 . 0  1 0 . 0  10 . 0  0 . 0  0 . 0  

Le Me nee 
et  a l  1 9 8 5  200 64 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Sugimoto  
et  a l  1 98 5  83  62 . 6  4 . 8  20 . 5  0 . 0  0 . 0  0 . 0  0 . 0  

Vecht 
ht 
et  al 1 98 5  3 1 4  48 . 4  0 . 0  1 3 . 7  0 . 0  0 . 0  0 . 0  0 . 0  



TABLE 2 . 2 

REPORTED MORBIDITY AND MORTALITY DUE TO S .  SUI S  INFECTION IN PIGS 

TYPE OF HERD HERD CASE FATALITY NUMBER OF NUMBER 
REFERENCE S .  SUI S  MORBIDITY MORTALITY RATE PIGS ON OF FARMS 

% % % INFECTED FARMS 

Zhelev 
et al(l 960 ) 1 5 . 5+ 4 . 7  8 5 +  2 5 3 5  1 

73+  
6 9 . 5 + 1 7 . 6  2 6 . 8  1 1 8 1 

Pedersen 
et a l( l 9 7 7 ) 2 1 0  9 90  1 20 1 

Stroj na 
et a l( 1 9 7 8 )  l 6 3 

Pedersen 
et a l( l 98 1 )  1 / 2  1 0  9 600 l 

St John 
et a l( l 982 ) 2 l -80 2 - 1 0  5 

Azuma 
et a l( l 9 8 3 ) 2 20-30*  0 . 2 -3 . 6  7 

- not recorded (CONTINUED ) 
+ same farm I different years 
* within a f fected litters 
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TABLE 2 . 2 ( CONTINUED ) 

TYPE OF HERD HERD CASE FATALITY NUMBER OF NUMBER 
REFERENCE S .  SUI S  MORBIDITY MORTALITY RATE PIGS ON OF FARMS 

% % % INFECTED FARMS 

Clifton-Hadley 
et a l ( l 984 ) 2 0 . 08-3 . 44 0 - 1 . 6  0-50 2 1 1 0 0  8 

Vaissaire 
et a l ( l 984 ) 2 5-50 5-20  

Buddle 
( 1 985 ) 2 2 - 5  1 0  

Gui se 
et al( l 985a ) 2 3 . 8  1 . 5  38 4650  1 

Martins 
et al ( l 985 ) 2 2 . 6-4 . 5  2 . 1 -2 . 7  33  

Lu 
et a l ( l 985 ) 1&2 5 . 4+ 3896  1 

3 . 5+ 4654  1 

- not recorded 
+ same farm I different years 



(Windsor , 1 9 7 7 ) . The c linica l  picture of septicaemia , meningitis and 

arthriti s  i s  s imilar with both types of infe�tion . 

The most common finding i s  dead pigs with few i f  any prior signs 

of disease (Buddle and Mercy , 1 98 1 ; Love , 1 9 8 1 ) .  Pigs  with the 

meningitic form of disease rapidly develop serious c entral  nervous 

disturbance and usually die  (Pedersen et al , 1 977 ) . Nearly ha lf  o f  the 

c a s e s  reported in Canada by St John et al ( 1 982 ) wer e  reported as  

sudden sporadic deaths . Less  acute signs may inc lude depression , loss 

of  appetite , skin reddening and f ever . Thi s  fever i s  o ften 

unrecognized (Nielsen et a l , 1 97 5a ; Clifton-Hadley , 1 98 3a ) . These 

f indings may be followed by nervous signs including incoordination , 

ataxia , circ ling , lateral recumbency with paddling , opi sthotonus , 

nystagmu s , tetanic spasms , c onvu l sions and finally death (Wilkin-Sims , 

1 98 1 ; Buddle , 1 985 ; Guise et a l ,  1 98 5a ) . Azuma et a l  ( 1 9 8 3 ) a lso 

reported dyspnoea , foaming saliva and constipation in  pigs . As sociated 

with the c entral nervous system disturbance ,  pigs may show 

hyperaesthesia in response to light ,  sound and manipulation (Pedersen 

et a l ,  1 9 7 7 ;  1 98 1 ) .  Septicaemia and arthritis can occur in  the absenc e 

of  meningitis . 

Streptococcus  suis has a l s o  

abortions and stillbirths (Jones , 

been assoc iated 

1 9 76a ; Sanford 

with vaginiti s ,  

and Tilke r , 1 9 82 ) ,  

the mastitis-metritis-aga lactia syndrome of  sows (Sa la et a l , 1 98 5 ) , 

infertility (Swann and Kj ar , 1 980 ) , pyelonephritis ,  cystitis and 

endometritis (Yurukov and Ganovski , 1 98 1 ) .  

Pathology 

Pigs dying as  a result of  infection with S.  suis show a variety 

of non-spec ific pathological  changes . There may be c onge stion o f  the 

carcass  and parenchymatous organs , enlargement and c ongestion of lymph 

nodes  and f ibrin strands adhering to the intestina l loops (Wind sor and 

Elliot , 1 9 7 5 ;  Power , 1 978 ; Pedersen et a l , 1 98 1 ; Sharroc k ,  1 98 7 ) . The 

brain may appear oedematous with c ongestion of the mening e s , however , 

mac roscopic changes  of the brain are frequently absent , with changes 

only detectable by histopathological techniques (Wind sor , 1 9 7 7 ; 

Cli fton-Had ley , 1 98 3a ) . An acute f ibrino-purulent leptomeningitis  and 

ependymiti s  can usually be demonstrated on hi stologi c a l  sections 
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( Sc hoon et  al , 1 980 ; Schoon ,  1 983 ) . Thi s i s  accompanied by 

perivascular cuf f ing by neutrophils  in the cor t ex adj acent t o  t he 

meninges and ependyma . The c e r ebrospinal f luid i s  o f t en turbid or 

blood stained and s t r eptoc o c c i  are frequent ly isola t ed from it ( Fi e ld 

et a l , 1 95 4 ; Mart ins et  a l , 1 985 ) . In Tables 2 . 3 and 2 . 4 t he 

pathologic a l  lesions , described by various authors ,  in pigs which had 

died f rom S .  suis types 1 and 2 are summarized . Sept icaemia was the 

maj or finding reported wit h  S .  suis type l whilst both mening i t i s  and 

pneumonia were c ommonly seen in infect ions with  S .  sui s type 2 .  

When arthr i t i s  i s  pre s e nt , the j oint s are swol len with t hi ckened 

red synovial membranes and exc ess  synovial fluid ( Buddle et al , 1 9 8 1 ) .  

Turner ( 1 9 7 8 ,  1 982 ) and Turner et  al  ( 1 980 ) detec t ed streptococc i  in 

20% of j oint s c ondemned for arthri t i s  at  meatworks in  South Africa .  

A vegetative endocardi t i s  of the heart valves is  occasiona lly 

found . These c ardiac lesions oc cur predominant ly in older pigs and may 

be acc ompanied by septic emboli in other organs ( Friend and Sims , 

1 97 8 ; Lamont , e t  a l , 1 984 ) . Pedersen et  al ( 1 984 ) isolated S .  suis 

from 1 0 . 3% of  1 0 7  cases  of  endocarditis  in porc ine hearts  c o l le c t ed 

from slaught er houses ; 3 . 8% of lesions were assoc iated with  S .  suis 

type s 1 or 2 ,  2 . 8% wit h  S .  suis t ype 1 / 2 ( group RS - the streptococcus 

with  character i s t i c s  of  bot h  groups R and S) and 3 . 7% were from non­

capsulated strains of S .  suis and could not be classi fied . Narucka and 

Wes tendorp ( 1 9 7 3 ) found that streptococ c i  were assoc iated wit h  3 9 %  of  

236  c a s e s  of  endocardi t i s  detected from more than 870 , 000  pigs 

slaught ered a t  aba tt oirs . S treptococ c i  were also isolated from the 

spleen , kidney , l iver and muscle  ( 83% , 6 0 % ,  78% and 54% respectively ) 
of pigs with s t r eptococ c a l  endocarditis . They found the ratio between 

left  s ided , right sided and bilat eral endocardi t i s  was 2: 1: 1 with  

lesions of  the pulmonary valve being more common . However , Kernkamp 

( 1 9 4 1 )  found no predilec t ion valve site  in 19 c a s e s  of streptococ c a l  

endocarditis  s tudied . 

In  North  America inf e c t ion with S .  suis type 2 f requent ly 

involves the lungs (Schult z , 1 986 ) .  Sanford and Tilker ( 1 982 ) rec orded 

the isolation of  S .  suis t ype 2 from 7 3 %  of cases of  bronchopneumonia 

whil s t  Koehne et  al ( 1 9 7 9 )  reported 9 3 % . Vecht et al ( 1 986 ) recorded 

tha t  4 2 %  of infect ions wit h  S .  sui s type 2 were a s sociated wit h  some 

form of pneumonia . The most  frequent type of pulmonary lesions 
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TABLE 2 . 3  

�-�- ---

MAJOR PATHOLOGICAL LESIONS ( % )  OF PIGS ASSOCIATED WITH INFECTI ON BY S .  SUI S  TYPE 1 

REFERENCE 

Wittig and 
Kunter 1 97 5  

Jones 1 9 76  

Perch et a l  
1 983 

Hommez et al  
1984 

Le Me nee et al  
1 98 5' 

TOTAL NUMBER 
OF DI SEASE 

CASES 

1 3 9  

2 3  

1 7  

2 

5 

SEPTICAEMIA ARTHRIT IS  MENINGITI S PNEUMONIA 

38  9 2 7  0 

52 2 2  1 7  0 

7 6  1 2  1 2  0 

50 0 0 0 

0 80 0 20  

..... 
N 



REFERENCE 

Jones 1 9 76a 

St John et al  
1 982 

Azuma et al  
1 983  

Perch et al  
1 983  

Hommez et al  
1 984 

TABLE 2 . 4 

MAJOR PATHOLOGICAL LESION S  ( % )  OF PIGS ASSOCIATED WITH INFECTION BY S .  SUI S  TYPE 2 

TOTAL 
NUMBER SEPTICAEMIA ARTHRIT I S  MENINGITI S ENDOCARDIT I S  LYMPHADENITI S PNEUMONIA PLEURI SY PERICARDIT I S  

O F  CASES 

8 2 5  1 3  2 5  1 3  0 0 0 0 

20  0 0 1 5  1 0  1 5  40 50 20 

1 8  0 0 83  1 1  44 44 1 7  1 1  

9 1 1  1 1  0 1 1  0 6 7  0 0 

2 7  7 1 5  22  4 0 63  0 0 

Le Me nee et al  
1 98 5  56  55  4 1 6  2 0 2 3  0 0 



recorded was a mild b ronchopneumonia or f ibrinous bronchopneumonia 

with septal haemorrhag e s . This f orm of bronchopneumonia appeared to  be 

secondary to  enzoot ic pneumonia due to Mycoplasma hyopneumoniae 

(Brown , 1 9 6 9 ; Sanford and Ti lker , 1 982 ) .  Table 2 . 5 summarizes t he 

proport ion of S .  suis  t ype 2 i solated , either alone or wit h  other 

bact eria , f rom cases o f  pneumonia recorded by four authors . Although 

no authors attempted to isolate mycoplasmas , Sanford and Tilker ( 1 982 ) 

believed that mos t  a f f ec t ed pigs had primary enzootic  pneumonia . They 

also believed the mixed bac t er i a l  populat ions isolated from many lungs 

were either opportunistic or post mor t em invaders . However , t hey 

considered that i n  t hose  cases from which only S .  suis t ype 2 was 

isolated the organism was probably the primary cause of  disease . 

Pasteurella mul t oc ida  was commonly isolated  from pig  lungs a long with 

S .  sui s type 2 .  Ros s  ( 1 9 8 1 ) and Straw (198 6 ) found a strong 

association between damage of  lungs by Myc oplasma hyopneumoniae and 

the presence of P a s t eurella mu ltocida  and proposed that this organi sm 

was a common secondary invader of damaged lungs . 

Other patho logical  findings which have been reported include 

swollen enlarged liver s and spleen (Pedersen et al , 1 97 7 ) ,  mi liary 

necrotic lesions o f  the l iver and spleen (Carol-Dumit riu et  a l , 

1 9 8 1 a ) , rhinit i s  (Hommez e t  a l ,  1 984 ) , dermat i t i s  (Carol-Dumitriu 

et al , 1 980 , 1 9 8 1 a ) ,  lymphadenit i s  (Jone s , 1 9 76a ) , nephr i t i s  (Azuma 

et al , 1 983 ) and oto-enc ephalitis  (Sala et al , 1 98 5 ) . Hommez et al  

(1 984 ) report ed the concurrent i solat ion of Auj eszky ' s virus in 1 3% of  

84 cases of  infec t ion with S .  suis . 

Perch e t  a l  ( 1 983 ) , Hommez e t  a l  ( 1 984 ) and Le Menec ( 1 985 ) 

recorded pneumonia a s  the mos t  common pathologica l  f inding in pigs 

with S .  suis serotypes 3 t o  8 .  Mening i t i s  was not a common f inding 

except in cases  of inf ec t ion by S .  suis type 2 .  Thornton ( 1 98 7 )  and 

Sharrock ( 1 98 7 )  reported that S .  suis type 9 produced a meningit ic­

sept icaemic syndrome in pig s , similar t o  that recorded for S .  suis  

type 2 .  Boetner e t  al  (1 9 8 7 ) r ecorded that  S .  sui s  type 7 was  the mos t  

frequent ly isolated type from pigs autopsied in Denmark.  They reported 

that S .  sui s  type 7 was primarily associated with septicaemia in 

sucking piglet s .  
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TABLE 2 . 5  

I SOLATION OF OTHER BACTERIA FROM PNEUMONI C  LUNGS 

FROM WHICH S .  SUI S  HAD BEEN I SOLATED ( % )  

BACTERIA 
I SOLATED 

Past eurella 
multoc ida 

E .  coli  

Sa lmonella 
cholerae-suis 

Pseudomona s 
aeruginosa 

HaemoEhilus 
pleuropneumoniae 

B haemolyt ic 
streptococcu s  

Cor:lnebac terium 
pyogenes 

Bordetella 
bronchiseEtica  

S .  sui s  only 

TOTAL ISOLATES 

Sanford 
Tilker 
( 1 982 ) 

4 4  

3 2  

1 9  

1 8  

1 0  

6 

6 

1 

1 7  

1 2 4  

Erickson 
et  al 
( 1 984 ) 

1 5  

0 

0 

0 

9 

0 

0 

0 

60  

1 2 1· 

Koehne 
et a l  
( 1 9 7 9 )  

46  

0 

0 

0 

0 

0 

0 

8 

4 6  

1 3  

S t  John 
et  a l  
( 1 982 ) 

3 1  

0 

8 

0 

2 3  

0 

0 

0 

3 8  

1 3  

1 5  



DIAGNOS I S  

Isolation and identif ication o f  S .  suis has traditiona l ly r elied 

on physiologica l , biochemi c a l  and serological tests (C li fton-Hadley 

and Alexander , 1 98 3 ; Clifton-Hadley et a l , 1 9 85 ) . Swabs f rom spec imens 

are plated onto blood agar plates and S .  suis like c olonies isolated 

and grown in pur e  culture for  identification by biochemi c a l  and 

precipitin tests . To enhance the growth of streptococ c i  a nd to 

minimize the g rowth o f  other organisms , selective media may be used , 

such as  Edwards media (Carter , 1 9 7 3 ) ; antibiotics may be incorporated 

in the media (Clifton-Hadley et al , 1 984b ; Rosendal et a l , 1 986 ) ;  or 

anti-serum to S .  suis added . To  enhance the isolation and detection  o f  

S .  suis type 2 ,  C l i fton-Hadley et al (1 984b )  incorporated 0 . 5 % to 1 . 0%  

rabbit antiserum to S .  suis type 2 into their media , whi l st Arends 

et a l  ( 1 9 8 4 ) i nc luded 5%  sheep antiserum t o  S .  suis type 2 in  their 

media . With suc h  methods , S .  suis type 2 colonies are c haracterized by 

the f ormation of a halo of  prec ipitation around the c o l ony which  i s  

enhanced b y  storage f o r  1 2  hours at 4°C (C lifton-Hadley e t  a l , 1 98 4b ) . 

The Analytical Profile  Index (A . P . I . ) 20  STREP system has been used by 

Tillotson ( 1 9 8 2 ) and Hommez et a l  ( 1 984 ) in conjunction with the 

traditional tests , to achieve a more rapid detection o f  culture s  of  

S .  suis type 2 .  

Hunt and Edwards (1982 ) deve loped a direct f luor e sc ent antibody 

test (F . A . T . )  against S .  sui s  type 2 f o r  u s e  on  pathological 

specimens . This test o f f ered the advantages that the pre sence o f  the 

organism could be d�monstrated within an hour of proce s sing and the 

test was stil l  sensitive in the presence of secondary bacterial 

contaminants . However Clifton-Hadley et a l  (1 985 ) did  not agree , as  

they believed this F . A . T .  was not accurate because o f  non-spec i f ic 

reactions . They c laimed the test lacked spec ific ity when S .  sui s  was 

present with other bacteria , a lthough no evidence for  such a belief  

was published . They proposed that an immunoperoxidase staining 

technique o f fered advantage s  over the F . A . T .  in that a normal light 

microscope could be used and the technique could be  c arried out on 

routinely f ixed and embedded tissue as  well  as on smears  o f  fresh 

tissue . 
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EPI DEMIOLOGICAL ASPECTS 

Tra nsmi s sion of I nf ection 

Wil liams et  al (1 9 7 3 ) d emonstrated that S .  suis type 1 was 

carried within the palatine tonsils and the tonsils were the primary 

s i t e  of inf ec tion for S .  suis  in pigs . On histological examination o f  

these  infected tonsils n o  abnormalities could be det ected . They 

propo s ed , based on the work of Saar and Get ty ( 1 96 4 )  and Wil liams and 

Rowland ( 1 9 7 2 ) ,  that oral infection led to establishment o f  S .  suis 

type 1 in the palatine tonsil with subsequent infect ion o f  the 

submandibular lymph nodes  by efferent lymphatic vesse l s . Tonsillar 

invasion could be detected without the development o f  c linic al disease  

and it was proposed that 

influenced by bot h  the 

subs equent more generalized inf ection was 

c ompetitive e f fects of commensal f lora in t he 

t onsil  and the state  o f  immunity o f  the animal . 

Porcine palat ine t onsi l s  are naturally inhabited by numerous 

streptococc i  inc luding members of  Lancef ield ' s group D (Kohler and 

Moc hmann , 1 958 ) . Although the t onsils normally act  as  a d e f ence 

against inhaled and ingested organisms (Dalee l and Frost , 1 9 6 7 ) , they 

c an act as a port a l  o f  e ntry for pathogens such as Myc oba c t erium 

johnei in c a lves (Payne and Deans Rankin , 1 96 1 a; b )  and Erysipelothrix 

rhu siopathiae in pigs (Timoney  and Berman,  1 9 70 ) . Payne and Derbyshire 

( 1 9 6 3 ) considered that in c a t t le the t onsils were an important rou t e  

of  entry f o r  many pathogenic bacteria . 

Clift on-Hadley and Alexander ( 1 980 ) also detected S .  suis type 2 

in the palatine tonsil s  o f  healthy pigs , however no organisms wer e  

detected i n  other lymphoid tissue . Williams et  al  ( 1 9 7 3 ) us ing 

immunofluoresc ent t ec hniqu e s ,  f requently detected S .  suis type 1 in 

the lumen of the tons i llar c rypts , and occasionally within the 

epithelial and immediate subepithelia l zone o f  the tons i l . However 

Arends et al  ( 1 984 ) demon s t r ated that in carriers of S .  suis type 2 ,  

the organism was confined to the tonsillar crypts and c ould not be  

found in the tonsillar lymphoid tissue surrounding the c rypts . These  

latter findings are  s imilar  to  the observations of  Drees  and Waxler 

( 1 9 7 0 )  who demonstrated t hat when the tonsils of pigs wer e  infec t ed 

with E .  coli  the organism was only detected within the tonsi l lar 

c rypts . 
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Both types of  S .  suis have been isolated from the tons i l  and 

nasal chambers o f  apparent ly normal pigs (Clifton-Hadley , 1 985 ; 

Schmidt , 1 986 ) . Clifton-Hadley et  al ( 1 984b)  detec ted S .  sui s  t ype 2 

in only 1 %  of nasal  samples c ompared with 18%  of t onsillar samples .  

Table 2 . 6  

type 2 detected 

lists  the recorded preva lenc e 

from apparent ly normal pigs . 

of c arriers o f  S .  suis 

These  c arriers were 

detec t ed using cultural met hods and associat ed confirmatory 

serologica l  t e s t s  which are of low sensitivity ( Hunt and Edwards , 

1 982 ; Robert son , 1 985a ) .  Streptoc occus suis type 2 was not detect ed in  

the vagina or  prepuce  o f  those pigs  examined . Koppang and F i l seth 

( 1 9 58 ) iso lated group D streptococci  from the semen and prepu c e  of 

boar s ; whilst Jones ( 1 966 ) and Mac lean and Thomas ( 1 9 7 4 )  demons t r ated 

the presence o f  a lpha haemo lyt i c  streptococci in the vagina o f  s ows . 

Although these t ypes were not c la s sified as  strept o c oc c i  belonging to  

either groups S or  R ,  it i s  pos sible some may have belonged to these 

groups a s  S .  suis has been isolated from sows wit h  vaginitis  ( J ones , 

1 9 76a ; Sanford and Tilker , 1 982 ) and with the mast i t i s -me t r i t i s ­

aga lact ia syndrome ( Sala et  a l , 1 985 ) . 

Clifton-Hadley e t  a l  ( 1 984a ) found t hat none o f  8 9  piglet s less  

than 19  days o ld wer e  carrying S .  suis type 2 in their tonsi ls , even 

when some of the piglets  origina t ed from c arrier sows . 

Arends et a l  ( 1 98 4 )  d e t e c t e d  more carriers whe n  tons i l s  were 

sec tioned in more than one plane before being cultured . Coloni e s  of  

S .  suis type 2 were norma l ly f ound in smal l  groups within the tonsi l , 

with an average o f  two and 

Due to  t he sma l l  number of  

percent ag e  of carrier pigs 

Clifton-Hadley and Alexander 

a range of  one to mor e  than 50 c olonte s . 

c o lonies present , they proposed that the 

may indeed be higher than t hat recorded . 

( 1 9 8 3 ) also  believed that the a c tual 

tons i l lar carrier rate  was higher than the detectable c arrier rat e .  I n  

their investigat ion , S .  s u i s  t ype 2 could not be detec t ed in t onsillar 

swabs t aken from 2 0  live pigs , however 80% of these wer e  found to be 

carrying the organism when a deep  scrape culture t echnique was u sed at 

autopsy . 

Clif ton-Hadley and Alexand er ( 1 98 3 ) and C l i f ton-Hadley e t  al  

( 1 984a ) f ound that the proportion  of  t onsillar carriers , in d i f ferent 

groups o f  pig s , varied between 0 and 80% . The highest r a t e  of  

18  



TABLE 2 . 6  

REPORTED I SOLATION RATES  OF STREPTOCOCCUS SUI S  
FROM VARIOUS S ITES IN P I GS 

REFERENCE 

Clausen 
( 1 980 ) 

NUMBER OF 
HERDS 

EXAMINED 

1 5  

Cli fton-Hadley 2 
and Alexander 
( 1 980 ) 

Clifton-Hadley 1 
and Alexander 
( 1 9 8 1 ) 1 

Rickert 
et al 5* 
( 1 982 ) 

3 +  

Clifton-Hadley 4 *  
and Alexander 
( 1 983 ) 

NUMBER OF 
AN I MALS 

EXAMINED 

3 6 4  

5 2  

2 0  

8 1  

3 4  

5 9  

1 6 6  

8 8  

3 4  

4 6  

2 3  

1 4 0  

1 70 

1 90 

89  

386  

3 3  

1 1 8 

CLASS OF SITE 
ANIMAL EXAMINED 

piglets  nose 
weaners tonsil 
growers  c ervix 
sows vagina 

baconers t ons i l /!  

weaners vagina 

sows gilts vagina 

working prepuce  
boars 

piglets  tonsil 
19  days 

weaners  tons i l  

weaners tons i l  

weaners tons i l  

nose 
tons i l  

sows c ervix 
vagina 

piglet s t onsil 

g i l t s  tonsil 

porkers tonsi l /!  

porkers tons i l // 

piglets t onsil 

weaners tonsil 

growers t onsil // 

sows tons i l  

+ believed t o  be non-infected herds 
* infec t ed herds 

RATE OF 
INFECTION 

(% ) 

0 

1 5  

0 

0 

0 

0 

3 - 5 9  

1 0 . 2  

58 . 8  

0 

0 

0 

1 0  

0 

0 

2 6  

1 2  

1 . 7  

( cont inu ed ) 

1 9  
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TABLE 2 . 6 ( continued ) 

NUMBER OF NUMBER OF RATE OF 
REFERENCE HERDS ANI MALS CLASS OF SITE INFECTION 

EXAMINED EXAMINED AN I MAL EXAMINED ( % )  

Arends 1 4 3  baconers tonsil /! 3 2  
et  al ( l 984 ) 

Clifton-Hadley 3* 3 months 
( 1 984 ) 4 1 9  to  tonsil 8 . 6  

1 8  months 

slaughtered 
Clifton-Hadley 1 6  5 2 +  pigs tons i l /!  0 
et al ( 1 984a ) 

1 0  1 1  1 1  20 

2 0 +  1 1  1 1  2 5  

1 0  1 1  11  80 

68+  1 1  1 1  4 . 4  

1 0  1 1  1 1  80 

1 0  1 1  1 1  90 

1 0  1 1  1 1  50 

1 0  11  1 1  80 

10  1 1  1 1  60 

1 0  11  11  80 

1 0  11  1 1  60 

40+ 11  11  0 

1 5  11  1 1  7 3  

4 0  11  11  42 . 5  

1 0  11  1 1  50 

Clifton-Hadley 4 8 9  piglets  tonsil 0 
et al ( 1 984b)  

386  weaners 1 1  2 6  

3 3  growers 11  1 2  

1 1 8 sows 11  1 . 7 

* infec t ed herds 
11 tissue c o l l e c t ed at  s laughter 

number of herds sampled not rec orded 



infec t i o n  was detected in  weaned pigs between the age o f  f our and ten  

weeks . This age-group has the highest inc idence  o f  c linical c a ses  

( Lamont et  al , 1 980 ) . C l i f ton-Hadley and Alexander ( 1 9 8 1 ) recorded a 

carrier rate o f  5 9 %  in  weaners housed in flat deck rooms when the 

disease  inc idence wa s high . This rate decreased to only 3%  after  r o oms 

had been cleaned , rested , restocked and when the disease inc idenc e was 

low . 

C l i fton-Hadley et a l  ( 1 984a ) recorded a variation in  the 

tonsillar carrier rates o f  0 t o  1 00% in herds with a history of  

c linical disease , when sample s were c ollected by deep tonsil scrapings 

post mortem .  Two o f  four herds that had not shown previous evidenc e of 

c lini ca l  disease were found to  have 2 5% and 4 . 4%  carriers o f  S .  suis 

type 2 respec t ively . They wer e  unable to  demonstrate  any c orrelat ion 

between carrier rates a nd incidence of disease , herd size , age of  

diseased anima ls or wit h  syst ems of  husbandry . 

Elliot e t  a l  ( 1 966 ) d emonstrated that 1 4  of 2 3  ( 6 1 % )  apparent ly 

normal piglet s ,  origina t i ng from f ive litters which had strept o c o c c a l  

d i s e a s e  i n  t h e  previous t hr e e  weeks , were carrying S .  s u i s  t ype 1 

within t heir throat s .  They believed this proportion of  carriers  was 

probably an underest imat e  o f  the real c arrier rate  bec ause o f  the 

d i f f i culty in ident ifying c olonies of  S .  suis type 1 on blood agar . 

From these f indings they postulated that the upper re spiratory t ract 

may act  as  a focus o f  infection f or S .  sui s  type 1 and t hat  in 

susceptible piglets the upper respiratory tract may be the por t a l  of  

entry f or the organism . Bac teriological examination of  t he upper 

respira t ory tract  of 44 normal gilt s , yielded three posit ive c u l t ures 

( 7 % )  of S .  suis  type 1 .  The noses of  three sows from an unstated 

number t ested wer e  also posit ive . 

Clifton-Hadley and Alexander ( 1 983 ) identified tonsillar carriers 

in pigs  from some weaner rooms where there had previous ly been no 

c linica l  c a s e s , as well  as in pigs from rooms in which c linica l  c a s e s  

had occurred . One c arrier  was recorded as d eveloping c linical 

meningi t is 2 0  days a f t er init ially being detec ted as a tonsillar 

carrier . They proposed that pigs that deve lop c linica l  disease do not 

nec e ssarily do so  as  a direc t and immediate result of exposure t o  the 

organism . 
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The healthy inapparent carrier o f  S .  suis appears t o  be t he main 

met hod of  spread o f  t he disease from herd to herd . The introduc t ion of 

breeding gilt s  from herds infected with S.  suis type 2 into non­

infe c t ed herds result s in disease subsequently appearing in weaner and 

grower pigs in  the previously non-infec t ed herd . I t  i s  believed that 

gilts  infect their own piglet s ,  and these pigl e t s  then c arry t he 

organism into the weaning pens and infe c t  other pigs ( C li f ton-Hadley 

and Alexander , 1 98 1 ) .  Windsor ( 1 9 7 7 ) proposed that wit h  S .  suis 

type 2 ,  c arrier breeding pigs infect their pigl e t s  and at the same 

time provide them with protect ive passive immunity . Subsequent ly a f t er 

weaning , when this immunity is  waning , disease due t o  S .  suis t ype 2 

may occur . 

C l i f ton-Hadley et  al  ( 1 984a ) and Clifton-Hadley and Alexander 

( 1 984 ) demonstrated t he pre senc e  of S .  suis type 2 in  herds from which 

clinica l  strept ococcal  meningitis  had not been recorded . Bevin  ( 1 9 7 5 )  

demonstrated the presence o f  opsonizing antibodies  against S .  suis 

type 2 in blood samples taken f rom herds believed to  be free  o f  the 

bac terium . However , these latter f indings may have been a s sociated 

with a test  of low specificity or due to  cross reac t ions wi th ant ibody 

elic ited by other organisms . Lamont et  al  ( 1 980 ) also  reported 

clinica l  meningi t i s  from S .  suis t ype 2 in a herd that wa s c ompletely 

closed wit h  the initial breeding stock being derived by hyst erec t omy .  

Clift on-Hadley e t  a l  ( 1 984a ) proposed that pigs originat ing from herds 

free from S .  suis t ype 2 and found to be infec ted at  s laughter , may be 

contaminated by carriers during transport , lairage or a f t e r  s laughter . 

To inve s t i gate the possibility o f  cross-c ont amina t ion C l i f t o n-Hadley 

et al ( 1 98 6 a )  performed experiments involving the exposure of  non­

inf e c t ed pigs to pigs with either septic a emia or c linical meningit i s  

caused b y  S .  s u i s  type 2 .  None o f  the tonsils f rom the  non-infec t ed 

pig s  wer e  found to  be infected with S .  suis type 2 a f t er exposure for 

24  hours t o  the infected pig s . When nine pig s  wer e  art i f ic i a l ly 

inf e c t ed per os  with up to  1 07 S .  suis type 2 ,  only one was found t o  

have inf e c t ed tonsils , 2 4  hours after infect ion . The se researchers 

also demonstrated the rapid destruc tion o f  S .  suis type 2 in the s c a ld 

tank used for d ehairing pig s . They proposed that inf e c t ion  o f  pigs 

with S .  suis type 2 was unlikely to occur at the abat t oir , provided 

pigs were t ransported dire c t ly to  the abat toir and were slaughtered 

without being mixed or held for long periods in lairage . 
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Clifton-Hadley and Alexander ( 1 9 8 1 ) postulated that human 

carriers of  S .  suis t ype 2 may exist , as  several herds which had not 

introduced pigs wer e  subsequent ly found to be infect ed . However , 

Arends et  al ( 1 98 4 )  could not isolate S .  sui s  type 2 f rom t onsillar  

swabs o f  3 4  men who were in frequent contact with pigs . 

To explain the i solation of  S .  sui s type 2 from pigs originat ing 

from herds that had previous ly shown no c linical disease , C l i ft on­

Hadley et al ( 1 9 84a ) proposed that non-pathogenic variant s o f  S .  suis  

type 2 existed . Are nd s  and Zanen ( 1 98 5 )  isolated dif f erent strains of  

S .  suis type 2 and they propo sed that less pathogenic variants 

occurred natural ly in  porc ine tonsils . 

Clifton-Hadley and Alexander ( 1 98 1 )  and Clifton-Hadley ( 1 98 3b )  

demonstrated that S .  suis t ype 2 c ould persist i n  the t onsils  o f  

healthy c arrier pigs  whic h  had c irculat ing opsonic ant ibodies . They 

also showed that pigs  with opsonic antibodies against S .  suis t ype 2 

cou ld subsequent ly develop c linica l  disease . Clif ton-Hadley et  al  

( 1 984b ) also f ound that pigs with ant ibodies against S .  suis t ype 2 

det ected by the Enzyme Linked Immunosorbent Assay ( EL I SA) , c ou ld c arry 

the bacterium within their tonsil . They reported that there wa s no 

apparent correlat ion between the ELI SA as say and the ability t o  detect  

S .  suis type 2 in na sal or t onsillar swabs . 

The route o f  transmi ssion appears t o  be via the upper re spirat ory 

tract (C lifton-Hadley , 1 984 ) , however it is not known if  the organi sms 

reach the meninges by the haematogenous rout e  from the tonsil  or 

direct ly through the cribri form plate of the ethmoid bone ( Swe , 1 9 7 6 ) . 

Williams et  a l  ( 1 9 7 3 )  believed t hat natural infect ion with S .  suis  

type 1 may be  e ither from an  aerogenous route or  f rom inge s t ion . 

Experiments by Clifton-Hadley et  a l  ( 1 984b ) have shown that when 

c arrier s of  S .  suis  type 2 are mixed with uninfected pigs , the 

organisms can be t r ansmitted  to  the non-carrier pigs within f ive days . 

Onc e pigs are infec t ed they may remain carriers for over 5 1 2 days 

( Clifton-Hadley and Alexander , 1 9 84 ) . As most bacon weight pigs  are 

slaughtered at approximat e ly six months of age ( 1 80  days ) ,  a pig once 

infected could e a sily be c lassed as  a life  time carrier . 
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Clifton-Hadley and Alexander ( 1 983 ) found that when pigs wer e  

sampled over a period of 1 2  months the det ectable c arrier status o f  

individual pigs varied . I ndividua l  pigs c ould a lt ernate  between 

positive and neg a t ive statu s , and it was suggested t hat this may be 

due to  e limination of the organi sm fol lowed by reinfec t io n .  However 

S .  suis type 2 could not be d e t e c t ed for 2 8  days in any pigs in  one 

pen and yet t he organism was subsequent ly isolated from these pig s . 

Similar ly pigs that repeatedly had negative tonsillar cultures f or up 

to  1 6 2  days ante mor t em subsequent ly wer e  shown to  be t onsillar 

carriers by 

�adley and 

deep scrape cultur e s  post 

Alexander ( 1 983 ) believed 

undetec table levels  deep  within the 

mort em .  Consequently C l i ft on­

S .  suis type 2 persisted at 

tonsillar t issue and only 

periodi c a l ly mult iplied to  detec t able levels . However S .  suis type 2 

was never detec t ed in  

carriers pigs . These pigs ,  

carrying t he organism at 

demonstrated that smal l  

present within the t onsi l .  

some pig s , even when they were housed with 

c la s s i f ied as  non-carriers , were probably 

undetec t able levels , as Arends et al ( 1 98 4 )  

number s o f  S .  suis type 2 wer e  normal ly 

Table  2 . 7  rec ords the r a t e  o f  isolat ion of  S .  suis  type 2 from 

pigs originating from sever a l  herds fed antibiotics .  The detect ion o f  

carriers in pigs f ed antibiot ic s ,  indicates  that medication o f  a herd 

does not eradicate  S .  suis . C l i fton-Hadley ( 1 98 3 a )  believed that 

although ant ibiot ic medication of f eed at the periods of greatest r i sk 

decreased the inc idence  of  c linica l  disease , cases somet imes occurred 

later when medicat ion had c eased . Thus it was suggested that 

medication was only delaying the onset of  c linical meningitis  and not 

control ling the spread or mul t iplic ation o f  S .  suis in a pig herd . 

Global d i f ference s  in  s igns o f  i nf e ct ion by S .  sui s  

I n  Britain , the maj or c linical syndrome recorded is  o n e  o f  a 

sept ica emi a / meningit i s  wit h  9 0 %  o f  porcine bacterial meningitis  being 

due t o  S .  suis type 2 and t he r emaining 10%  to S .  suis t ype 1 ( Elliot  

et  a l , 1 980 ) . I n  America and Canada , meningit is i s  rarely seen . In  

these c ountries d i sease  with S .  suis  type 2 i s  usually a ssoc iated with 

bronchopneumonia and polyserosit i s . Signs vary from mild sneezing t o  

coughing and marked dyspnoea ( St John e t  al , 1 982 ; Sanford and Tilker , 

1 982 ) .  I n  France infec tion with S .  suis type 2 produc e s  a range o f  
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TABLE 2 . 7  

- - - --------------

REPORTED I SOLATION RATES  OF STREPTOCOCCUS SUI S  TYPE 2 FROM HERDS FED ANTIBIOTICS 
(Clifton-Hadley and Alexander , 1 984a ) 

ANTI BIOTIC 
SUPPLEMENT 

Chlortetracyc line 

Chlortetracyc line 
Sulphadimidine 
Procaine penicillin  

Chlortetracyc line 

Chlortetracyc line 

* - three herds 

SUPPLEMENT 
g /TONNE 

FEED 

2 00-400 

1 6 5  
1 6 5  

8 3  

200 

200 

PERIOD 
OF 

SUPPLEMENTATION 

birth to  slaughter 

8 weeks to  slaughter 

weaners 

3 to 12 weeks 

RATE 
OF 

INFECTION ( % )  

80 , 60 , 50* 

80 

50 

73 

N 
V1 



from c linica l  signs varying 

disorde r s  t o  sudden death 

e t  a l  ( 1 98 5 )  c ould f i nd 

S .  suis type 2 in pigs in 

Netherlands , Van der Schaaf 

nervous , respiratory or locomotor 

(Vaissaire et  al , 1 983 ) . However ,  Madec 

no relat ionship between sept icaemia with 

France and respiratory lesions . I n  the 

et  al  ( 1 96 1 )  recorded that mos t  cases  of  

infection with group R and S streptococci in pigs were assoc iated with 

pneumonia .  I n  New Zealand S .  sui s  type 1 has been associated with both 

meningit i s  and polyarthritis  ( Robert son,  1 985b ) . Buddle  e t  a l  ( 1 9 8 5 )  

· reported that S .  suis  type 2 was one o f  the maj or causes o f  bacterial  

meningitis  in Australia , however the severity of  pig  los ses varied 

f rom state  to stat e . It has been reported ( Anon,  1 986 ) that S .  suis  

type 2 was  the  most c ommon cause  o f  meningitis in  weaner pigs in 

Australia .  Group S streptococci have been i solated from piglets with 

sept icaemia and arthri t is in Tasmania . 

Clifton-Hadley e t  a l  ( 1 984a ) proposed that non-pathogenic strains 

o f  S .  suis may exis t  and the varying rates o f  morbidity and mortality  

reported in dif ferent c ountries might be  associated with dif ferenc es 

in the prevalence o f  pathogenic strains rather than with d i f ferenc es  

in the overa ll  prevalence o f  S .  suis . Using immuno-di f fu sion 

t echniques , Arends and Zanen ( 1 985 ) have demonstrated at  least two 

dif ferent strains of S .  suis type 2 i solated from c arrier pigs and 

from cases  of  meningit i s  o f  pigs and humans . 

Power ( 1 9 7 8 )  and Lamont et  al ( 1 980 ) recorded the spread o f  

streptococcal mening i t i s  across the United Kingdom , i n  the period f rom 

1 97 3  to 1 97 8 . In 1 97 3  meningitis  from infection with S .  suis  type 2 

had not been recorded in most pig farming districts whil s t  by 1 97 8  

over hal f  the dist r i c t s  had reported morbidity rates o f  greater t han 

5% . The increase in the number o f  outbreaks recorded wa s believed t o  

be associated with both a n  inc reasing awareness  o f  the disease by 

veterinarians and a t ru e  increase in disease prevalence .  

The pat tern o f  d i sease c aused by S .  suis type 2 is  varied . Some 

farms have explos ive outbreaks of  c linical disease f o l lowed by i t s  

disappearance , o n  o t hers the disease only produces sporadic losses , 

while  on  others the infect ion c an be a source of  regu lar and c ont i nued 

loss ( Power , 1 978 ; Windsor , 1 9 80 ; Carrigan , 1 98 7 ) .  
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Age differences in  i nf e c t io n  wit h  S .  sui s  

Gui s e  et  a l  ( 1 985a ) r ecorded c linical cases of  meningitis  f rom 

S .  suis type 2 in pigs  f rom three to 20 weeks of age . Most c a s e s  

occurred in  animals between eight and 1 4  weeks of  age . Thi s  a g e  

corresponded with t h e  movement o f  pigs from the weaner house  into t he 

fatt ening house . They proposed that it  was the " stress " imposed by 

subd iyision o f  the group , moving , or the new type o f  accommodat ion 

which prec ipitated outbreaks o f  disease . Lamont et  al  ( 1 980 ) recorded 

meningit i s  from S .  suis t ype 2 in  pigs less than two weeks to  o lder 

than 22  weeks of  age . Most cases  occurred in the six to  eight week old 

grou p .  The outbreaks in  older pigs predominant ly involved farms which 

brought in fattening stock.  St . John et al  ( 1 982 ) also  isolated 

S .  suis type 2 from pigs  three  t o  2 4  weeks of  age with mo st c a s e s  in 

the six t o  12 week old  group . They found no relationship between the 

occurrenc e o f  disease and c lima t i c  factors or to the recent movement 

o f  anima l s . Alt hough Erickson e t  a l  ( 1 984)  recorded disease in sows 

over 12 months of age , they believed susceptibility t o  inf e c t ion 

diminished with age . 

Seasonal diff erenc e s  in  infection with S .  suis 

Guise  et  al  ( 1 985a ) c ould not demonstrate a relat ionship between 

meningit i s  caused by S .  suis type 2 and the season of the year , 

although two o f  three sma l l  epidemi c s  occurred in late wint er and 

ear ly spring . Simi lar ly Mart ins et  al  ( 1 985 ) reported outbreaks 

throughout the year and believed the disease was e ndemic in most 

herds . Power ( 1 9 7 8 ) not ed t hat t he number o f  cases  o f  meningit i s  

caused by S .  suis t ype 2 i ncreased with sudden change s  o f  weather . 

Sanford and Tilker ( 1 9 82 ) and Erickson et al  ( 1 984 ) found an apparent 

c lust ering of  cases  in  the c o lder months and believed this was due t o  

the c lo ser confinement o f  pigs at  these times . However , Friend and 

Sims ( 1 978 ) ,  Wilkin-Sims ( 1 98 1 )  and Buddle ( 1 98 5 )  f ound a peak 

incidence in the warmer months in  Australia . Guise  et  a l  ( 1 986 ) , whe n  

investigat ing a Bri t i sh p i g  herd for 1 2  months , recorded maj or 

outbreaks of  disease in  May and Sept ember/October , however c a s e s  wer e  

s t i l l  present i n  a l l  mont hs . I n  their study more c a s e s  were f ound in  

the eight to  nine week age  group . 
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TREATMENT AND CONTROL OF  SECONDARY CAUSAL ASSOCIATION S  

Streptococca l  meningi t i s  i s  frequent ly a rapidly f a t a l  disease ,  

therefore , for any t r e atment t o  be effec t ive  i t  mu st be given early 

(Pedersen et a l , 1 9 81 ; B lackburn ,  1 983a ; Pedersen , 1 983 ) .  

Historically , ant ibiot i c s  have been the main method of  t reating c a s e s . 

As both types o f  S .  sui s  are sensit ive t o  a wide variety o f  

antibiot ics , a range o f  ant ibiot ics  inc luding penicillin  ( Cl i f t on­

Hadley , 1 982 ; Muirhead , 1 98 7a ) ,  tylosin  ( Power , 1 9 7 8 ;  Schu l t z  and 

Hoffmann , 1 986 ) ,  t e tracyclines and a c ombinat ion of  trimethoprim and 

sulphadiazine ( Gu i s e  e t  a l , 1 985b ;  1 98 6 ) have been u s ed . 

Antihistamines , other ant i a llergic preparations and corticosteroids 

have also been u s ed in c onj unction with ant ibiotics  t o  treat 

meningitis from S .  suis  type 2 ( Windsor , 1 97 7 ;  Blackburn ,  1 983a ) . Holz 

( 1 950 ) emphasized that a s  wel l  as  treating t he infection  in 

streptococcal diseases  o f  pigs , the a l l ergic c omponent of  these 

diseases should not be neglec t ed . 

Douglas ( 1 983 ) st ated t hat  a morbidity r ate of  1 %  or a mortality  

rate of  0 . 5% should be c onsidered a s  criteria  for intervent i o n .  Above 

these levels group or herd prevent ative measures are indicated , whil st 

below them it i s  probably uneconomic to a t tempt any c ontrol measures 

other than the general care  and treatment of individually a f f e c t ed 

pigs (Windsor , 1 9 7 7 ) .  Heard ( 1 98 4 )  treated c li nica l ly a ff ec ted pigs by 

removing them t o  a warm dry room , adminis t ering parent eral antibiot ic s  

and by ensuring adequat e f luid int ake either by dosing wit h  water  

( Blackburn ,  1 983a ; C l i fton-Hadley , 1 983a ) qr by rec t a l  infusion o f  an 

elec trolyte solution ( Blackburn , 1 983b ) . As pigs suf f ering from 

meningitis show hype r s ensit ivity to  sound and light , Pedersen e t  a l  

( 1 98 1 )  and Blackburn  ( 1 983a ) believed that i so lat ion was a n  important 

factor in treating c linical c a s e s . Windsor ( 1 9 7 7 )  c onsidered that good 

nurs ing practices  wer e  more import ant t han the t ype o f  ant ibiot i c  

used . 

When the preval ence o f  disease i s  greater than 1 %  herd 

preventative measures are indicated . Thes e  preventat ive measures 

inc lude altering management practices , u sing antimicrobial therapy and 

vacc ines ( Douglas ,  1 983 ; Windsor , 1 9 7 7 ) .  Wheeler ( 1 983 ) c la s s i f ied 

swine meningit i s  a s  a " stress  induced disease" and cat egor i z ed the 
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stre ss  f a c t ors as  

1 .  management stress produc ed 

social groups , shift ing pigs 

by mixing pigs from d i f f erent 

from their pens or buildings and 

weighing , vacc inating , t at tooing , ear tagging or ear notching ; 

2 .  housing stress  from overcrowding , poor vent ilat ion and high 

dust and fume levels from s lurry or heaters ; and 

3 .  nutrit ional stress due to a c hange in the diet f o llowing 

weaning . 

Controlling environment a l  factors by minimiz ing overcrowding , 

improving shed ventilation , reducing buildup of fumes by lowering t he 

level s  o f  slurry and by avoiding temperature fluctuat ions have a l l  

been advocated t o  reduce t h e  inc idenc e o f  c linical  disease  ( Carg il l ,  

1 9 8 1 ; Clifton-Hadley and Alexander , 1 98 1 ;  Cli f ton-Hadley , 1 983a ; 

Vai ssaire et a l , 1 984 ) . Douglas ( 1 983 ) believed c hanges in management 

to avoid a continuous produc t ion system may help c ontrol the disease . 

He advocated replacement wit h  an "all in - a l l  out " housing syst em , as  

well  as  avoiding mixing of  groups or pens o f  pigs . Thorough c leaning , 

disinfection and a period without pigs has been promo t e d  to  minimize  

the environment al contaminat ion with S .  suis  type 1 in  the  f arrowing 

accommodation ( Buddle , 1 9 8 5 ) and S .  suis type 2 in  t he weaning pens 

(Clifton-Hadley , 1 982 ; Heard , 1 984 ) . Buddle ( 1 9 8 1 ) believed t he 

application o f  an umbilical  ant isept ic to  a l l  pigl e t s  and a r educ t ion 

in the abrasive nature o f  piggery f loors could help reduce 

polyarthritis caused by S .  suis type 1 .  Heard ( 1 984 ) suggested that if 

the average age of  the breeding stock was high , herd immunity wou ld be 

maximized . He believed that gilts  shou ld �e gradually introduced to a 

herd , t o  prevent the sudden presence of  large numbers o f  suscept ible 

non-exposed animals .  

Whee ler ( 1 98 3 )  and Muirhead ( 1 987b ) believed that nutr�t ional 

fact or s  such a s  Vitamin E could be important in  he lping to  limit 

c linical disease from S .  suis type 2 .  Zhelev et al ( 1 960 ) c laimed to 

have achieved good resu l t s  in treat ing pigl e t s  with meningo­

encephalitis , by using vitamin D and calc ium gluconate in conj unc t ion 

wit h  chlortetracyc line . 

The most frequent met hod used by pig farmer s  in  Great Bri t a i n  to  

control meningitis  from S .  suis type 2 ,  has been the inc orporat ion o f  
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strategic medication at periods o f  greatest ri sks ( C l i f ton-Hadley and 

Alexander , 1 98 1 ; C l i f ton-Hadley , 1 983a ) . In-feed medication  i s  

f requent ly used during the period of  peak inc idenc e  and is  mor e  

popular than water  

penicillin has  been the  

( C l ifton-Hadley , 1 983a ) .  

medicat ion 

ant ibiotic  

( Douglas ,  

of  choice  

1 983 ) .  Tradit iona lly 

t o  add to  the f eed 

Ripley ( 1 98 3 ) per formed a cost -benefit analysis on  a herd with 

meningitis  from S .  suis type 2 .  He believed it  i s  economic t o  

supplement f eed with penici l lin only when the prevalenc e  of  disease i s  

more than 2 %  and when one third of  these pigs a r e  dying . When more 

expensive ant ibiotics  are added t o  the feed , the prevalenc e  mu st be 

greater t han 5%  with a 33%  mortalit y  rate or 3 %  with a 7 5 %  mortality  

rate for  the antibio t i c  supplementation to be economical . 

Douglas  ( 1 984 ) showed t hat medication o f  feed wit h  

chlortetracyc l ine , peni c i l l in and sulphadimidine a t  1 6 7 , 83  and 1 6 7  

parts  per million r e s pec tively , signif icant ly reduced the inc idenc e of  

meningit i s  from S .  suis t ype 2 .  However , the initial inc idence  o f  

streptococcal  mening i t i s  was low , as was the c a s e  mortality rate , and 

no indica t ion o f  the economic assessment of this medication regime was 

given . Gui se et  al ( 1 985b )  found that both a trimethoprim­

sulphadiazine preparat ion and a proc aine penicillin G product  

signific ant ly reduc ed the  mor t a lity rate  of pigs  a f f e c t ed with 

meningit i s  from S .  suis t ype 2 c ompared with a vit amin B and C 

c omplex . However Gui s e  e t  al  ( 1 986 ) found no dif ferenc e s  in the 

inc idenc e o f  strept o c o c c a l  meningitis  during the growing/ fa t t ening 

periods , between one group of  pigs that received prophylactic  level s  

of  a trimethoprim-sulphadiazine c ombination i n  t he f eed and another 

unmedicated group f rom the same herd . 

Buddle ( 1 98 5 )  and Windsor and Elliot ( 1 9 7 5 )  proposed in-feed 

medication with tetracyc lines t o  control streptococc a l  mening i t i s  

during the period o f  r isk . However Windsor ( 1 9 7 7 ) reported some 

antibiotic resistance to tetracyc lines and Whee ler ( 1 98 3 ) recorded 

that mos t  isolates f rom southern England were resistant t o  this  

antibiot ic . To cont r o l  meningitis  from S .  suis  type 2 in Au stralia , 

Seaman and Armstrong ( 1 97 9 )  suggested early treatment of  c linical  

cases with parenteral  penicillin and in-feed supplementat ion  o f  s ows 

with tylosin and sulphadimidine . 
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Vacc ination 

Control o f  human meningococcal  meningitis  and pneumonia c aused by 

S .  pneumoniae has been achieved by vacc inat ion with  type spec i f ic 

polysacc haride ( Got schlich e t  a l ,  1 9 78 ; Austrian , 1 984 ) . A s  S .  suis 

type 2 is  of  one immunological  type ( belonging to Lanc e f ield ' s group 

R) , Elliot et  al ( 1 9 80 ) proposed that the disease might be c ontrol led 

by vaccination wit h  a c omponent o f  the organism similar to  the c ontrol 

used with  human meningococc a l  meningitis . By using a bac tericidal t e st 

they showed t ha t  o f  1 7  pigs inj ected with the capsular polysac c haride 

of  S .  suis type 2 and Freund ' s inc omplete adj uvant , 16 pigs e l i c i t ed 

an opsonizing antibody r esponse . This c ompared wit h  only two o f  1 4  

when the capsular polysac c haride was inj ected  alone and only two o f  2 1  

non-immunized c ontrols . 

Ripley e t  a l  ( 1 980 ) prepared autogenous vacc ines o f  S .  suis 

type 2 and evaluated their ef f e c t s  on nine farms . The vac c ines were 

prepared from c u ltures 

alhydrogel added a s  an 

of  organi sms killed 

adj uvant . I nit ially 

by formalin , 

breeding stock 

with 

were 

vaccinated six and two weeks prior 

weeks before further farrowings . 

to  farrowing and subsequent ly two 

On four farms adequate c ontrol of  

disease was evident in vaccinated pigs c ompared wit h  control pigs  f rom 

these farms . On the remaining f ive f arms vac cinat ion did not 

adequately c ontr o l  disease . The mortality rate of pigs on three farms 

was not reduced , t he mort ality rate on another farm was reduced but 

not to an acceptable level and 

meningitis in  a l l  pigs on 

there was a very low inc idenc e  of  

the fifth pig herd . On one farm the 

vacc ination program increased the mean age at _ which pigs became 

affected , indicat ing that only t emporary protection was provid ed . The 

autogenous vaccine appeared t o  be more succes sful on farms in c ertain 

areas  and it  was proposed t hat strain differenc e s  may occur or that 

factors such as the rate  of introduct ion of infec ted anima l s , stocking 

densities and house venti lation may affect  the challenge o f f ered to  a 

vac cine . 

Ripley ( 1 98 3 ) vac c inated both sows and piglet s wit h  a f ormalin 

killed vacc ine o f  S .  suis  type 2 using an alhydrogel adj uvant . The 

results showed t hat vacc inat ion o f  piglets did not appear to be of 

benefit , espec i a l ly i f  their dam was vacc inated . I t  was proposed that 

the vaccine ' s poor performance in pigle t s  was caused by interference 
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f rom passively �cqui red ma te rnal immuni t y .  Enzyme Li nked Immunosorbent 

Assays performed on the sera f rom pig l e t s  and sows showed tha t  an 

an tibody response to  the va ccine was depressed when the re was pre­

exi s ting a n ti b o d y , e i the r a c tively o r  p a s siv e ly  d e riv ed . Whe n 

dif f e rent  compound s were used as  adjuvants , the oil adj uvant prod uced 

a sig nificant rise in antibody l evel compa red with a t ransient rise 

when a lhydrogel was used . Howeve r ,  vaccines using oil as an adj uvant 

had t he disadvantage tha t they p roduced a local reac tion at  the site 

of  inj e c t ion , which c o u l d  p e r sis t f o r  s ev e ra l m o n t h s . Fu r t her 

inj ec tions of antigen did no t , however ,  boos t this an tibody res ponse .  

Vaccina tion o f  sows induced highe r antibody ti tre s  i n  bo th the se rum 

and colostrum when compared with  non-vaccina ted sows . The pigle t s  f rom 

t h e  v a c ci n a t e d  s ow s  showed a 50% reduc tion i n  the prevalence of 

c li n i c a l  m e n i n g i t i s  f rom s. suis t y p e 2 .  Th ey be lieve d  t h a t  

vaccina tion he lped prevent  the dissemina tion of s. suis type 2 af ter 

i t  had reached the blood s t ream . It was p roposed tha t mening i t i s  due 

to s. suis type 2 was a dif ficul t  dis ease to  con t rol  by vacc i na tion , 

as the dis ease occurred when ma te rnally derived an tibody was declining 

and the immune res ponse by the susceptible piglet was limit ed . 

Agarwa l e t  a l  ( 1 9 69 ) demonst rated tha t serum f rom adul t pigs  was 

bac t e rios t a tic for S .  suis ty pe 1 .  When sow serum was added to  the 

b l oo d  of susceptible pigle t s , i t  conferred bac t e rio s t a tic activity 

again s t  S .  suis type 1 in vit ro and passive ly pro te c t ed such pigl e t s  

a g a i n s t e x p e rim e n t a l  i n f e c t i o n wi t h  S .  suis t y p e  1 i n  viv o .  

Streptococcus s uis type 1 could not mul tiply in the blood o f  5 8 %  of 

1 60 conven tional ly reared p i glet s .  The bl ood from a l l  these pi glets  

becam e bac terio s t atic for  S .  s u i s  type 1 when the anima l s  reached the 

a g e  o f  six t o  eigh t w e ek s . The b l ood  f rom anima ls raised in a 

"pa thogen f ree" environment was not ba c t e rios tatic for S .  su:f_s type 1 .  

B a s e d  o n  t he s e  r e s u l t s  t he a u thors believed tha t infec tion with 

s. suis type 1 could be con t ro l le d  by a vaccination program. 

Wit tig and Kunter  ( 1 97 5 )  and Scholl  et al ( 1 9 7 6 )  recorded good 

resul t s  in cont ro l ling disease f rom S. suis type 1 wi th the use of 

au t og e n o u s  v a c ci n e s . Rip l e y ( 1 9 8 3 )  found tha t the prevalence of 

dis ease caused by S .  su:l s type 1 and the severity of  the d isease , 

ba sed on t he morta lity rate and number of t reatment days requi red pe r 

pig , we re significant ly reduced i n  the progeny of sows vacci na t ed wi th 

an autogenous S.  suis type 1 vaccine.  I t  wa s proposed tha t the vacci ne 

32 



prevented the d i sseminat ion of  the organi sm after it  had entered the 

blood stream . 

Senf et al  ( 1 980 ) recorded a s ignificant reduct ion in the 

inc idenc e  of  arthritis  in piglets f o ll owing the vacc inat ion  of sows , 

f ive and two weeks prior to partur i t i on with a strept ococcal  vacc ine 

c ontaining members of Lanc e f ie ld groups C ,  L and S .  The prevalenc e of  

arthritis  in eight herds ranged from 4 . 8% to  2 0 . 8% prior to 

vac c ination . Thi s was reduc ed to  1 . 6% and 1 1 . 1 % f o llowing the 

vacc ination program . They reported no control of arthritis  when only 

the hygiene of the piggery was improved . Scho l l  et al ( 1 9 8 3 ) also 

prepared a vacc ine c ontaining the three s t reptococ c a l  groups C ,  L and 

S ,  a s  well  a s  Staphylococcus  aureu s . Vacc inat ion appeared to  have 

lit t le influence on the inc idence of arthritis , however there was a 

drop in the recorded frequency  o f  puerperal disorders .  A polyvalent 

vac cine against paratyphoid , Pasteurel la and a diplococcus ( pr esumably 

S .  suis type 1 )  was prepared by Malyavin ( 1 956 ) and inoculated three 

t imes into piglet s .  The mortality r a t e  for a four month period was 

reduc ed from 7 . 1 % in nearly 1 4 , 000 unvacc inated c ontrol s  to  1 . 1 % in 

2 0 , 000 vaccinated piglet s , however the individual 

streptococcal septic aemia wa s not recorded . 

r educ tion  in 

Bercea et al ( 1 98 1 )  vacc inated sows f ive and three weeks before 

f arrowing with an inactivated vacc ine 

bact erial cells  o f  S .  suis t ypes 1 

c ontaining equal part s  of  

and 2 .  The inc idenc e of 

streptoc occosis  in  piglets was r educ ed from 1 2 . 1 % to 0 . 6 %  f o llowing a 

one year vacc inat ion program however there were no pigl e t s  u s ed as 

c ontrols during this period . 

Eradication 

Initial a t t empt s to  eradicate S .  sui s  type 2 wer e  made by u sing 

complete herd ant ibiotic medication ( Windsor , 1 9 7 7 ; Clifton-Hadley , 

1 98 3a ) . Although this t emporarily decreased the incidenc e  of  disease , 

it was not succ essful in eradicating S .  suis t ype 2 f rom herds . 

Clifton-Hadley and Alexander ( 1 980 ) f ound the bac terium could persist 

in  the tons i l s  o f  pigs receiving f eed medicated wit h  penicillin . 

Depopulation and restocking with non-carrier animal s  has been 

suggested as a possible means of eradic at ion , however this is not 
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usually economically f easible ( Windsor , 1 9 7 7 ) . Due t o  the low 

sens i t ivity of the t e st s t r aditionally used to detect  S .  sui s t ype 2 

( Robertso n ,  1 98 5a ) , i t  i s  d i f ficult  t o  certify a herd free f rom this 

organism ( C li f ton-Hadley , 1 983a ) . Hysterectomy or hys t erotomy derived 

pigs have been sugge s t ed as a 

f rom S .  suis type 2 ( Foster , 

been advoca t ed t o  eradi c a t e  

( Alexander et  a l , 1 9 80 ) . Thi s 

pos sible method t o  start a herd free 

1 9 84 ) . Medicated early weaning has also  

S .  suis type 2 from the pig herd 

involves treating sows bot h  before and 

after  farrowing with  e i t her tiamulin or a trimethoprim-sulphonamide 

preparation , and the weaning of  piglets at f ive days o f  age into an 

isolated weaning unit . Love ( 1 9 8 1 ) believed that S .  suis t ype  2 c ou ld 

be eradicated from a herd by giving a single inj ect ion of  long-act ing 

penicillin to all s t ock  on the farm or by giving long-act ing 

penicillin to all breeding stock followed by treatment of the 

individual sows a s  t hey ent ered the f arrowing shed . However these 

met hods are yet t o  be substant iated ( Clifton-Hadley and Alexander , 

1 9 8 1 ) .  

SUMMARY OF EPIDEMIOLOGICAL FEATURES 

This literature r eview on the infection of pigs wit h  S .  suis 

types 1 and 2 ,  has revealed some c onf lic ting report s  and hypothese s . 

Although t he epidemiological  pat t ern appears unc l ear , some def init e  

factors appear t o  emerge . 

1 .  I nfect ion of  pig s  with  S .  suis has been detec t ed in a l l  c ountri e s  

where invest igat ions have been carried out . 

2 .  Although the report ed prevalenc e  of  infection has been variable , 

most  countries  have reported greater t han 10% o f  pigs infec t ed and 

o f t e n  c onsiderably mor e . 

3 . · Most infections are subc linic a l  with the organism being c arried in 

the normal palat ine t onsils  of  pigs . 

4 .  Carriers play an import ant role in t he spread o f  infec t ion  t o  o t her 

pigs and herd s . 
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5 .  Streptococcus  suis  can  rapidly spread t o  non-infe c t ed pigs wit hin 

f ive days of mixing with carrier s . 

6 .  Once palat ine t onsi l s  are infect ed they c an remain so for over 1 8  

months . 

7 .  Although t he c arrier state  o f  individual pigs may 

fluctuate between positive and negative , infection  

permanent ly maintained within a herd . 

appear t o  

is  s t i l l  

8 .  Streptococcus  s u i s  can  survive in  the tonsil even when antibiotics  

are administered or  whe n  c irculating ant ibodies are present . 

9 .  When c linical d i sease occur s ,  S .  suis type l predominant ly a f f e c t s  

sucking pigl e t s  and S .  s u i s  t ype 2 weaners and growers . 

1 0 . Although the c ommon c linic al syndrome is 

arthrit is and septicaemia , the syndrome varies 

country . 

one o f  meningit i s , 

f rom country t o  

1 1 .  Streptococcus suis  c a n  be detected i n  pigs from herd s  which have 

had no r eport ed outbreaks of  c li nic al disease due to  S .  suis . 

1 2 . The economic import ance and c linical ef f ects  of inf e c t ion appear 

to  have been increa s i ng over the last  decade . 

1 3 . There i s  no obvious seasonal pat t ern o f  disease . 

1 4 . It  would appear that d i f f erent strains of S .  suis exis t  which have 

differing degrees o f  pat hogenic ity for pig s . 

1 5 . Treatment has relied trad i tiona l ly on antibiot ic s ,  good nursing 

and changes  in management of  the piggery . 

1 6 . Vac c ination a s  a means o f  c ontrolling disease has been o f  

equivocal  valu e . 

1 7 . It  wou ld appear t o  be d i f f ic u l t  if not impossible t o  eradicate  

S .  suis f rom a herd of pig s . 

3 5  



CHAPTER I l l  

DEVELOPMENT O F  MICROBIOLOGICAL AND S EROLOGICAL TECHNIQUES 

This chapt er describes the " traditional " microbiological 

techniques used for  the ini t ia l  ident i fi c a t ion of S .  suis in  pigs  from 

New Zealand ; the subsequent development o f  the I ndirect  F luorescent 

Ant ibody Test  ( I . F . A. T . ) ,  a t e s t  designed to inve s t i g a t e  the 

epidemiology of  i nfect ion with S .  sui s ; and the development o f  an 

Enzyme Linked Immunosorbent Assay ( EL I SA )  to  study the pat t ern  of 

ant ibodies to  S .  suis in pigs and humans . 

A .  TRADITIONAL MICROBIOLOGICAL TECHNIQUES 

INTRODUCTION 

Streptococci ·  belong to  the f amily Strept ococcaceae , g enus 

Streptococcus . They are Gram posit ive coccoid bac teria  t ha t  are 

non-mot ile and bot h  catalase  and oxidase  negat ive ( Buxt on and Fraser , 

1 9 7 7 ; Facklam,  1 980 ) . Organisms be longing to  this genu s  are 

charac terized by t heir capac ity to  produce chains of  varying lengths 

of cocci espe c i a l ly in a liquid medium . Streptococc i  can be aerobic , 

anaerobic , fac u l t a t ive anaerobic or microaerophilic  (Cowan and S t eel , 

1 974 ; Facklam , 1 980 ) .  

Streptococc i  are ident i fi ed by their haemolyt ic act ion o n  blood 

agar , physiologi c a l  and biochemical  reac tions and t heir ant igenic 

propert ies . The mos t  frequent ly used s erological t echnique for the 

c lassificat ion o f  streptococci  is  t hat proposed by Lanc e f ie ld ( 1 9 3 3 , 

1 9 3 8 )  which ident ifies  spec ific  polysaccharide antigens ( hapt enes ) 

present in many s t r eptococ c i . This i s  the main t axonomic criterion  for 

s .  suis . 

and R initially proposed by De Moor The streptococcal groups S 

( 1 96 3 ) , cou ld be recognized by t heir charac t eristic  haemo lytic , 

De Moor ( 1 9 6 2 a , b )  init ially physiologic a l  and antigenic propert ie s . 
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proposed the species name S .  subac idu s f or the strains i s o l a t ed from 

pigs , which included those that were biochemically similar  t o , yet 

serologically d i f f erent from , groups R and S .  The name Strept o c occus  

suis  type 1 was lat er proposed for streptococci  belonging t o  

Lancefield ' s group S ( Elliot , 1 966 ) and Streptococcus suis  t ype 2 for 

group R strept o c oc c i  ( Windsor and Elliot , 1 9 7 5 ) . Vecht e t  a l  ( 1 98 5 )  

stated that the biochemical prof i l e s  of S .  suis t ype 2 and 

S .  subacidus type 2 were almost  ident ical and proposed t he name 

S .  suis for a l l  s t rains with the "charac teristic pro f i l e " . The name 

S .  suis has also  been used to ident i fy group E strept o c o c c i  of pigs 

( Collier and Noe l , 1 97 1 a ; 1 97 1 b ;  1 9 74 ) . However , it  is  now a c c epted 

that the name S .  suis should only be applied t o  strept o c o c c i  o f  

Lancefield groups R and S ,  although the spec ies  name has not been 

formally proposed ( Hardie , 1 986 ) .  

There are numerous fac t ors influencing the haemolytic propert i e s  

o f  streptoco c c i  inc luding t h e  type of  media , type o f  blood u sed i n  the 

media , durat ion o f  incubat ion , c oncentrat ion of  atmospheric gases  and 

the position o f  c olonies in the media ( Carter , 1 97 3 ) .  The haemolytic 

patt ern of groups R and S streptoc occ i  has varied f rom non­

haemolyt ic , a lpha haemolytic to bet a  haemo lytic ( Windsor and E lliot , 

1 9 7 5 ;  Jones , 1 97 6a ; Friend and Sims , 1 9 78 ; Koehne et  a l , 1 97 9 ) . 

Clifton-Hadley e t  a l  ( 1 984b )  also rec orded the variable haemolytic 

pat t ern of s t reptococci isolated from pigs and the d i f f ic u l t y  in 

detecting "charact eristic " S .  suis on blood agar . 

In  biochemi c a l  test s , the charac teristic dif ferenc e  between 

S .  suis type 1 ( group S) and S .  suis t ype 2 ( group R )  strept o c oc c i  1s 

in their fermenta t ion of  raffino s e . Group R strept o c o c c i  f e rment 

raff inose whil s t  group S do not ( Perch et a l , 1 9 8 1 ) .  Table 3 . 1  rec ords 

the reac t ions o f  S .  sui s types 1 and 2 for numerous biochemic a l  t e st s .  

Ross  ( 1 9 8 1 ) c la s s i f i ed organisms o f  S .  suis type 2 a s  ferment ing both 

inulin and r a f f ino se . However bec ause of the variable f erment a t ion 

response shown in  T able 3 . 1 ,  it  is  pos sible that variant s of S .  suis 

may be missed by u sing such a rigid screening proc e s s . As all  s t r a ins 

of  S .  suis f a i l  to grow in 6 . 5% NaC l broth , Hommez et al ( 1 986 ) 

proposed that this t est be used in the ini t i a l  screening procedur e . 

Elliot ( 1 9 6 6 ) d emonstrated that S .  suis const itutes  a subgroup o f  

Lance field ' s group D streptococ c i  as  it  c ontained the int r a c el l u l ar 
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TABLE 3 . 1  

B IOCHEMICAL AN D  PHYSIOLOGICAL CHARACTERISTICS 

OF STREPTOCOCCUS SUI S  TYPES 1 AND 2 

S .  SUI S  TYPE 1 
TEST % POSITIVE 

V . P .  
HIPPURATE 
AESCULIN HYDROLYS I S  
ARGININE HYDROLYS I S  
RIBOSE FERMENTATION 
ARABINOSE " 

MANNITOL " 

SORBITOL " 

LACTOSE " 

TREHALOSE " 

INULIN " 

RAFFINOSE " 

GLYCOGEN " 

GROWTH IN 6 . 5% NaCl BROTH 
GROWTH AT 4 5°C 

a - Colman and B a l l  ( 1 98 4 )  
b - Anon .  ( 1 982a ) 
c - Bridge and Sne a t h  ( 1 98 3 )  
d - Perch et  al  ( 1 9 8 1 ) 
e - Le Menec et a l  ( 1 9 8 5 ) 
f - Hommez e t  al  ( 1 9 8 6 ) 
g - Erickson et a l  ( 1 984 ) 

oabc 

0abd 

1 00c 9 9b3oa 

1 00ac 9 9b 

oabc 

0abcd 

oabcd 

oabcd 

1 00acd 98b 

100acd 9 9b 

100acd 98b 

0ab4d 

1 00abcd 

0bd 

od 

S .  SUI S  TYPE 
% POSITIVE 

oabc 

0abd 

1 00c 90a 7 1  b5 3g 

100ac 9 9b7 1  f 

oabc 

oabcd 

oabcd 

oabcdg  

100abcd 98g 

1 00acd9 9b94e 9 3g 

1 00cd8Sbe 73 f 1 9a 

100abc 9 7d 73g 7 2e 

1 00abcd 

0bd 

od 
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teichoic acid common t o  a l l  members of  group D ( El liot , 1 960 ; 1 983 ) .  

Elliot and Tai ( 1 9 7 8 )  showed t hat  the immunological  c omponent 

characteri s t ic for S .  suis  was within the c apsu l e . This site  differs  

from most other strept o c o c c i  where the  immunological  agent is  present 

within the c e l l  wal l . The c apsular polysaccharide o f  both S .  sui s  

types 1 and 2 cont a i n  t h e  sugars g lucose , galactose , N-acetyl 

g lucosamine and sialic acid ( Elliot , 1 9 8 3 ; Elliot e t  al , 1 980 ) .  These  

substances are also found in  the t ype spec ific polysaccharide of  group 

B streptococ c i  which  are responsible for human neonata l  meningiti s  

( Baker e t  a l ,  1 97 6 ; T a i  e t  a l , 1 9 7 9 ) .  Meningitis due to  Group B 

streptococc i  i s  similar  t o  t hat c aused by S .  suis in that spec i f i c  

types of bot h  organisms a f f e c t  c er t ain  a g e  groups ( Elliot et  a l ,  1 966 ; 

Windsor and Elliot , 1 9 7 5 ) . 

The c apsular polysaccharide o f  S .  suis is  readi ly distingui shable 

from typica l  streptoc o c c a l  c e l l  wal l  carbohydrates  by virtue of  i t s  

high molecular weight a nd lability in  hot acid ( Elliot and Tai , 1 9 78 ) . 

Hot acid extrac t ion of  the c apsular antigen o f  S .  suis type 2 i s  only 

possible when the c onc entrat ion of hydrochloric ac id ( HC l ) is  r educed 

from 0 . 2  N to 0 . 066 N ( Perch et a l , 1 98 3 ) .  However S .  suis t ype 1 ,  

like most other streptococc i , c an be grouped by using extrac t s  

prepared with 0 . 2  N HC l as  described later i n  this chapt er . 

Although S .  suis c onsi s t s  of  two main serological  types , 1 and 2 

(Lanc efield groups S and R ) , at least another seven serotypes ( types 3 

to  9 )  have been recognized ( P erch et  al , 1 98 3 ; Boetner et  al , 1 987 ; 

Thornton , 1 987 ) .  Serot ype s 3 to  8 are simi lar in  their biochemical  

react ions t o  S .  suis  types  1 and 2 ,  except for  some variable resu l t s  

wit h  hippurate hydroly s i s  and inulin fermentation ( Perch et  a l , 1 9 83 ) . 

In  Be lgium , Hommez et  a l  ( 1 9 8 4 , 1 986 ) identif ied S .  suis types 1 to  8 ,  

as  we ll a s  numerous o ther strains that could not be typed , from pigs 

with a range o f  pathological  lesions . 

The t ype ant igen o f  t ypes 2 ,  7 and 8 ,  in contrast t o  that of  the 

other type s , are destroyed by extrac t ion with 0 . 2  N HCl but not with 

0 . 066 N HCl ( Perch et  a l , 1 98 3 ) .  De Moor ( 1 9 6 3 )  s imilarly demonstrated 

the heat lability o f  the ant igen o f  S .  suis type 2 and the dif ficulty 

in producing an extrac t for  Lanc e f ie ld grouping . 

The f o llowing sec t i o n  d e scribes the isolation and ident ification 
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of S .  suis from pigs in New Zealand . Traditional mic robiological  

techniques including c u l tura l , biochemical  and serologic al test s wer e  

initially used t o  d e t ermine i f  S .  suis was present in  t h i s  c ountry . 

MATERIALS AND METHODS  

Cultural Techniques  

To culture t i s su e s  for  S .  sui s , the surfac e  o f  the samples  was 

initially sterilized in  the f lame o f  a bunsen burner . The sample was 

then incised with a s t erile  scalpel . Swabs were taken f rom t he inc is ed 

surface and plat ed onto Columbia Base Agar 1 incor porating 5%  sheep 

blood . Agar plates  were incubat e d  at  37°C for 1 8  hours and c oloni es  of 

alpha haemolyt ic streptococci  wer e  selec t ed and subcu ltured to obtain 

a pur e  growth o f  organisms . A Jensen ' s modi fied Gram s t a i n  

( Cruickshank et a l , 1 97 5 ) ,  u t ilizing acetone as the decolouriz i ng 

agent , was performed on a smear f rom the pur e  growth t o  ensure t hat a 

Gram positive cocci  had been isolated . Presumptive st reptoc o c c a l  

c olonies were then s elec t ed f o r  biochemica l  t e s t ing . Samples were also  

plated onto Edward ' s Med ium ( mod i f ied ) 2 and hand led in  a similar 

manner to those on sheep blood agar . 

Strains o f  S .  suis u se d  

Type cultures o f  b o t h  S .  s u i s  types 1 and 2 ( N . C . T . C 1 0 2 3 4  and 

N . C . T . C  1 02 3 7 ) were rec eived from the National Health  Ins t i t ut e , 

Wellington , New Zealand and one i solate  o f  S .  suis type 2 ( F2 700 1 ) was 

provided by Auckland Hospital from a blood culture t aken from a 

patient with bac t eraemia . All other cultures  wer e  i solat ed f rom 

samples collec ted from live pig s , pigs at  autopsy or from pigs 

s laught ered at  a meatworks . 

Colonial Growth and Morphology 

Pure cultures o f  both S .  suis types 1 and 2 were grown on  

Columbia Base  Agar inc orporating 5% sheep blood under aerobic 

1 GIBCO laboratories , Madison , Wiscons i n ,  U . S . A .  

2 Oxoid Limited , Basingstoke , Hampshire , England 
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condit ions , anaerobic c ondi t ions u t ilizing a BBL Gas Pak3 and in an 

incubator wit h  an increased c arbon dioxide c onc entration of  8% . The 

growt h ,  morphology and zones of  haemolysis were recorded and c ompared 

after 1 8  hours o f  incubat ion at 3 7°C .  

Biochemical T e s t s  

Approximately  six s t r eptococ c a l  c o l o nies from each pure c u lture 

were inoculated into a bij ou bot t le c onta ining three ml of brain heart 

infusion broth4 . The bro t h  was incubat ed for four t o  six hours t o  

produce a t urbid growth o f  streptococ c i . Four drops o f  t he bro t h  were 

initially inoculated into each o f  the f o llowing carbohydrate solutions 

- arabinose , mannitol , sorbi t o l , r ibose , trehalose , raff inose , inulin , 

glycogen , and salicin ( Appendix I )  and a l so into aesculin agar , methyl 

red/Voges-Proskauer ( M . R . /V . P . )  solu t i o n ,  methylene blue milk and 

litmus mi lk . The s ame volume of  broth was infused into arginine agar 

and a layer of mol t e n  paraf fin wax d eposited over this media . All 

samples were incubated at  3 7°C for up t o  three days and the r e sults  

recorded using t he diagno s t ic crit eria described by Mac Faddin ( 1 980 ) .  

A shorter bioc hemi c a l  profile , which involved t e s t ing the 

streptococcus in ribo s e , mannitol , r a f f inose and inulin , was later 

used to  speed up the ident i f ic at ion o f  S .  suis like organi sms . 

Lanc e field Extract 

Streptococci  that wer e  bioche�ically  typical of  either S .  suis 

types 1 or 2 wer e  s e l ec t ed for grouping by the Lanc e f i e ld precipi t in 

test (Lanc e f ie ld , 1 943 ; Swif t  et  al , 1 943 ) .  The streptoc occ i  were 

inoculated into SO ml o f  Todd Hewit t  Broths and incubat ed at  3 7°C for 

1 8  t o  24 hour s .  A sample o f  the bro t h  was Gram stained and subcu ltured 

onto sheep blood agar to check the puri t y  of  the growth . The broth  was 

centrifuged for 30 minu t e s  at  2 , 000 r pm to  pack  the c e l l s  and the 

supernatant disc arded . One drop of  0 . 04% meta c r e s o l  purple 

3 BBL Mic robiology Syst ems , Bec ton  Dickinson and Co . ,  
Cockeysvil le M . D .  2 1 030  

4 Dif c o  Laboratories , Detroit , Michigan,  U . S . A .  

S GI BCO Diagnos t ic s ,  Madison , Wisconsin , U . S . A .  
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( Appendix I )  was added t o  the c entrifuged sediment . Because of  t he 

susceptibility of the c apsular polysaccharide of S .  suis type 2 to  

extr eme heat and ac idic conditions (Perch et  a l , 1 983 ) ,  0 . 3  ml of  

0 . 0 5  N HC l diluted in  0 . 85 %  NaCl  was added to  the sediment . For 

s t r eptococci  with  biochemical  prof i l e s  similar to S .  suis t ype 1 ,  0 . 3  

ml of  0 . 2  N HC l was added to  the sediment . The solution was mixed 

wel l ,  transferred to a c lean t est  tube and placed in a boi ling water 

bat h  for t en minutes . The t ube was agitated several t imes during the 

extraction proc ess . Aft e r  heat treatment the solution was c e ntrifuged 

for , a further 30 minu t e s  a t  2 , 000 rpm and t he superna t ant t ransferred 

to  another clean t e s t  t ube with  the residue being disc arded . The 

extract was neutralized by the addition of 0 . 2  N NaOH ( d i lu t ed in 

d i s ti l led water ) .  This was added drop by drop unt il the extract  turned 

to a faint purple colour ( indicating a pH of 7 . 4  to 7 . 8 ) .  The extract  

was centrifuged for a further 3 0  minut es  at  2 , 000 r pm and the  

supernatant f luid transferred to  another t e s t  tube for  u s e  in  the 

prec ipitin  test . 

Precipitin  Test 

Commerc ial group D ,  S and R streptococc a l6 antiserum was used for 

grouping the streptococcal  extrac t s .  A c lean capillary tube 7 was 

dipped into the grouping serum to  draw up a column of  ant i-serum 

approxima t e ly one cm long . The capillary tube was carefully wiped with 

a t issue and dipped into t he streptococcal  extract  to  draw up a volume 

a�proximately equal to that of the ant iserum in the t ube . The end of 

the capillary tube was imbedded into plasticine , and the tube inver t ed 

and placed in a vert i c a l  posit ion . C apillary tubes were examined under 

bright light against a dark background for up to  30  minu t e s  a f t er 

preparation . A posit ive react ion wa s dete c t ed by the forma t ion o f  a 

prec ipitate  at  the int erface between the serum and ext ract  

(Lancefield , 1 9 38 ) . 

6 Wellcome Reagent s Limited , Beckenham , England 

7 Terumo Capillary Tubes , Terumo Corporation , Tokyo , 
Japan 
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Samples  

Palatine tonsils  were c ollected from apparent ly hea l t hy pigs 

slaught ered at  a meatworks . These  tonsils wer e  returned to the 

laborat ory within two hours of  col lection and processed as  described 

earlier . Similarly , sample s  were collected from pigs that were 

autopsied at the Department of Veterinary Pathology and Public Heal t h ,  

Mas sey Unive r sity . 

Antibio t ic Sensitivity Tes t s  

Ant ibiotic  sensitivity t e s t s  were per formed on I so-sens i test 8 

agar using ant ibiot ic impregnated disc s as  described by Garrod e t  al  

( 1 9 7 1 ) .  Staphylococcus aureus ( N . C . T . C . 6 5 7 1  - Oxford Staphylococcus ) 

was used as a control organi sm and was sensitive to  all  ant ibiotics  

t e s t ed . A f ie ld isolate of  both S .  suis  types 1 and 2 and type 

cultures (N . C . T . C .  1 0 2 3 4  and N . C . T . C . 1 02 3 7 )  were used in  these 

sensit ivity t e s t s . A strain of  S .  suis type 2 ,  isolated from a human 

pat ient with bac t eraemia was also inc luded in the t e st s . 

Colonies  of S .  suis were inoculated into brain heart infu sion 

broth and incubated for several hours to  produce  a dense c onf luent 

growt h .  A s t erile  swab was immersed in the broth and applied as  a band 

across the c entre of  the culture plate with  the control organism being 

applied to e i t her side of  the agar plate , as  illustrat ed in  Figure 3 . 1  

A needle  was used t o  pre s s  four diff erent ant ibiot ic disc s f irmly in 

place on the agar at t he j unc tion between the cultures of  St . aureus 

and S .  suis . Plates were incubated for 24  to 48  hours at  3 7°C .  The 

organism was c lassi fied as  sensitive to the antibiot ic when the r adius 

of  inhibition of  growth for S .  suis was equal to , wider than , or  not 

more t han three mm sma l ler than  the control St . aureus as shown in ( a )  

Figure 3 . 2 . Streptococcus suis was c lassed a s  resistant t o  t he 

ant ibiotic i f  the radius o f  zone of  inhibit ion wa s less  than three mm 

as  seen in ( c )  in F igure 3 . 2 .  The organism was c la s s i fi ed a s  having 

int ermediate sensitivity when the radius of  the zone of  i nhibition  for 

S .  suis was great er than three mm but smaller than the radius of the 

control organism by more than three mm ( b  in Figure 3 . 2 ) .  

8 Oxoid Limi t ed , Basing s t oke , Hampshire , England 
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FIGURE 3 . 1 

POSITION OF ORGANI SMS AND ANTIBIOTIC DISCS 

/ 

1 - 4  anti b i oti c d i scs  

FOR SENSITIVITY TESTS 

St . a u reus 
N . C .  T . C .  657 1  

/' 
S .  s u i  s 

St . a u reus //c. 657 1  
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FIGURE 3 . 2  

ANTIBIOTIC SENSITIVITY OF S .  SUIS  

( a ) Sensiti ve 

I !  
No Growth St . aureus  

(b)  Intermedi ate 

L 
/ I I 

j No Growth S t .  aureu( 
_ ; _ _ _  , _  -� - - - -�<- a- > - b - �-�---- - - - -
\ \' \ � sui s � 

a > 3 mm ' ' \ \ \ ""'  
b > 3 mm \ 

( c )  Resi stant 
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RESULTS 

Morphological  Featur e s  

The type cultures of  S .  sui s  types 1 and 2 were alpha haemo lytic 

when grown aerobically on sheep blood agar . Sma l l  mucoid s emi­

t rans luc ent colonies , with  a diamet er of approximat ely one mm , wer e  

formed after 2 4  hours incuba t ion . All isolates o f  S .  suis showed t hi s  

same form of haemolysis on t h i s  medium ( Plate  3 . 1 ) .  The zone of  

haemolysis enlarged and became similar to a beta  zone o f  haemolysis 

after  three days of i ncuba tion . Colonies wer e  largest ( up to  two mm 

diameter ) and had the large s t  zone of haemolysis when grown in an 

atmosphere with an i ncreased c arbon dioxide conce ntration . Colonies 

were the smallest  and s lowe s t  growing when incubated aerobica l ly . 

Af ter 1 8  hours of  inc ubation at  3 7°C a turbid growth was visible 

in Todd Hewi t t  Broth wit hout the formation of a sediment . Short c hains 

( three and four cocc i )  were observed when this brot h  was Gram stained 

( Plate 3 . 2) .  

On Edwards Medium t here was darkening of t he agar around the 

colonies of S .  suis types 1 and 2 .  

Biochemical  React ions 

The biochemical react ions for a l l  isola t e s  of  S .  sui s are shown 

in Table 3 . 2 .  

The type cultures and a ll other isolates  of S .  suis produc ed ac id 

and c lots in litmus milk , r educed met hylene blue but did not reac t t o  

the Voges-Proskauer t e s t . 

All extrac t s  of  S .  suis type 1 made with 0 . 2  N HCl wer e  

precipitated with group S streptococcal ant is erum . With thi s  

conc entration of  ac id , only 5 %  of  t he extra c t s  from i solat e s  o f  

S .  suis type 2 reac t ed wit h  group R ant iserum . Whe n  the extrac t was 

made with 0 . 05 N HCl a l l  i so lates of S .  suis type 2 prec ipita t ed group 

R ant iserum . No extrac t s  f r om isolates  of  either S .  suis t ypes 1 or 2 

prec ipitated group D ant i serum . 
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PlATE 3 . 1  

TiiE HAEMJLYIS OF S .  SUIS 'IYPE 2 ON SHEEP BLOOD AGAR 

PLATE 3 . 2  

A GRAM STAIN OF S .  SUIS TYPE 2 



TABLE 3 . 2  

THE BIOCHEMICAL AN D  GROWTH CHARACTERISTICS  OF 

STREPTOCOCCUS SUI S  TYPES 1 AND 2 

TEST s .  SU I S  TYPE l a *  s .  SU I S  TYPE 2 b *  

V . P .  0 
Ae s c u l i n  Hyd r o lys i s  l OO 
Arginine Hyd r o lys i s  l O O 
Ribo se Ferment a t i o n  0 
Arabino se " 0 
Manni t o l  " 0 
Sorbit o l  " 0 
L a c t o s e  " l OO 
Treha lo s e  " 1 0 0  
S a l i c i n  " l OO 
I nulin " 1 0 0  
Ra f f ino se " 0 
G lycogen " 1 0 0  
Growt h in 6 . 5 % NaC l B r o t h  0 
Growth at 4 5 °C 0 

* percent a ge o f  p o s i t ive i so l a t e s  

a - 3 6  s t ra ins t e s t ed 

b - 4 5  s t r ains  t e s t ed 

0 
l OO 
l O O 

0 
0 
0 
0 

l O O 
1 0 0  
l OO 
l O O 
1 00 
l OO 

0 
0 
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O f  3 6  s t reptoc o c c i  wi t h  s imi lar biochemi c a l  pr o f i l e s  t o  S .  s u i s  

t y p e  l ( as l i s t ed i n  T a b l e  3 . 2 ) ,  o nly 2 0  ( 5 5 % )  produc e d  a po s i t ive 

pre c ip i t i n  t e s t  wi t h  group S s t r e p t o c oc c a l  a n t i s erum .  S im i l a r l y  only 

4 0  o f  1 4 5  ( 2 7 % )  ext r ac t s  f r om s t r e p t o c oc c i  wi t h  a bioc hemi c a l  pro f i l e  

c harac t er i s t ic o f  S .  s u i s  t ype 2 ,  r eac t ed wi t h  group R s t r e p t o c o c c a l  

ant i serum . When t r ad i t i o na l  mic r o bi o logic a l  t echniqu e s  wer e  u s e d  f o r  

c u l turing p a l a t ine t o n s i l s  c o l l e c t ed at t he mea tworks , S .  s u i s  t ype 1 

was i so l a t ed f r om 1 2 %  a nd S .  s u i s  type 2 f r om 1 9 % o f  the t o n s i l s . 

The ext r a c t f r om o n e  i so l a t e o f  S .  s u i s  t ype 2 l o s t  t he a b i l i t y  

t o  reac t wit h  group R ant i serum a f t er t he or gani sm had b e e n  c u l t ured 

a nd subc u l tured o n  s h e e p  b lood a g ar for mor e  t han ten t ime s . This l o s s  

o f  sero l o g i c a l  r e a c t iv i t y  wa s a c c ompan i e d  by t h e  pr e s ence o f  a 

s ed iment a f t er overnight i nc uba t io n  i n  Todd Hewi t t  Bro t h . No o t her 

i s o late o f  e i t her S .  s u i s  type 1 or 2 demo n s t rat ed a simi l ar l o s s  o f  

s er o logic a l  reac t ivi t y . I n  r e t r o s pe c t , i t  i s  unf o r t u na t e  t ha t  t h i s  

i so late wa s no t exami ned f o r  t h e  pre sence o f  a c ap s u l e . 

Ant ibiot ic S e n si t iv it y  

The s e n s i t iv i t y  pa t t e r ns obt a i ned from t he two t ype c u l t u r e s , t he 

human i s o l a t e  o f  S .  s u i s  t ype 2 a nd two f i e ld i s o l a t e s  a r e  r e c or d e d  i n  

Table 3 . 3 .  All i so l a t e s  wer e  s en s i t ive t o  penic i l li n .  F i e ld s t r a i ns 

wer e  susc ept ible t o  t h e  ant ibio t i c s  rout i ne ly u s e d  i n  p i g g e r i e s  s u c h  

a s  penic i l l i n ,  t e t ra c yc li ne , ampi c i l l i n ,  eryt hromyc i n  a nd 

t r ime thoprim . 

DI S CU S S I ON 

E l l i o t  ( 1 9 6 6 )  a nd E l l i o t  a nd T a i  ( 1 9 7 8 )  c la s s i f i ed b o t h  S .  s u i s  

t ypes 1 a nd 2 a s  subgroups o f  t h e  group D s t r e p t oc o c c i .  However , i n  

t h i s  i nve s t i g a t i o n  n o  p o s i t ive r e a c t i o n s  were s e e n  between the 

L ancef i e ld ext r ac t s  o f  t h e  i s o l a t e s  o f  a nd group D a nt i s e r um . 

The se f i ndings wer e  s im i l a r  t o  t ho s e  o f  J one s ( 1 9 7 6 a ) a nd Hommez e t  a l  

( 1 9 8 6 ) who found n o  r e a c t i o n  betwe e n  group D a nt i s erum a nd Lanc e f i e ld 

extrac t s  prepared f r om over 200 i s o l a t e s  of S .  sui s . Medrek a nd B a r n e s  

( 1 9 6 2 ) demonst ra t ed t h a t  s ome group D s t r e pt o c oc c i , whe n  grown u nd e r  

c er t ain c o nd i t ions , y i e lded L a nc e f i e ld ext r a c t s  t ha t  wou l d  n o t  r e a c t  

wi t h  group D a nt i s erum . However , whe n  s u c h  s t rept ococ c i  were grown i n  
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TABLE 3 . 3  

S EN S IT IVITY O F  S .  SUI S  TO ANT I BIOT I C S  

s .  SU I S  TYPE 

ANT I BI OTIC Type F i e l d  
C u l t u r e  I s o l a t e  

Amp i c i l l i n  s s 

C arbenic i l l i n  s s 

C e pha lothin s s 

Chlor amphe n i c o l  s s 

Erythromyc i n  s s 

Furadant in s s 

F u s i d i c  Ac i d  I I 

G e n t amic i n  I I 

Kanamyc i n  I s 

L i ncomyc i n  I I 

Methi c i l l i n  s s 

N a l i d ixic Ac i d  I I 

N eomyc in I I 

P e ni c i l li n  s s 

S t r ep tomyc i n  s s 

S u l pha fura zo l e  I I 

T e t racyc l i ne I s 

T r imethopr im s s 

Tyl o s i n  s s 

S - s e n s i t ive 

I - i n t erme d i a t e  s e n s i t i v i t y  

R - r e s i s t ant 

2 s .  SU I S  

Human Type 

I s o l a t e  C u l t u r e  

s s 

s s 

I I 

I s 

s s 

I s 

I R 

I I 

I I 

I s 

I s 

I R 

R I 

s s 

I s 

R R 

I s 

I s 

s s 

5 0  

TYPE 1 

F i e ld 

I so la t e  

s 

s 

I 

s 

s 

s 

R 

I 

I 

s 

s 

s 

I 

s 

R 

R 

s 

s 

s 



med i a  inc o r po r a t i ng g lu c o s e  t hey produc ed po s i t ive reac t i o n s . I t  wa s 

hyp o t he s i z ed that  whe n  g lu c o s e wa s i n  l imited supply , the g l u c o s e  wa s 

u se d  t o  make type s p e c i f i c  c apsular ma t e r i a l  rather t ha n  t he t e ic h o i c  

a c i d  o f  g r o u p  D .  I n  t hi s  i nv e s t i gat ion a l l  s t r eptoc o c c i  wer e  g rown i n  

b r o t h  whic h  wa s not suppl emented wi th g luc o s e  a nd this  c ou l d  a c c ount 

f o r  the f a i lu r e  t o  pr oduc e a pr e c i pit a t e  wi t h  group D a nt i s e rum . 

Ano t her member o f  group D s t r ept o c oc c i , S .  bovi s , s imi l ar l y  wi l l  n o t  

produc e the g r oup a n t i g e n  whe n  grown i n  med i a  wit h  l ow l e v e l s  o f  

g lu c o s e . S t r e p t o c oc c u s  bovi s , l ike S .  s u i s  c o nt ai n s  g luc o s e  wi t h i n  t h e  

c ap s u lar p o l y s a c c ha ri d e  ( Ba i ley and Oxford , 1 9 5 9 ) a nd whe n  t h e  l e v e l 

o f  g lu c o s e  i s  limi t ed t he t ype s pec i f i c  c apsu l e  i s  made i n  p r e f er e nc e 

t o  the group spec i f i c  a nt i ge n .  

Per c h  e t  a l  ( 1 9 8 1 ) r ep o r t ed that groups R ,  S a nd RS s t r e p t o c oc c i  

were d i f f e r ent from o t her s pe c i e s  o f  s t rept o c oc c i  i n  that  t he y  have 

t he abi l i t y  to hyd r o l y s e  a r g i ni ne and to f erment inulin a nd g ly c o ge n .  

I n  t h i s  i nve s t i ga t i o n  a l l  i so l a t e s  o f  S .  s u i s  pr oduc e d  t h e s e  s ame 

r e a c t ions . S imi l a r ly no i so la t e  grew in 6 . 5 % N a C l  brot h . Thi s l a c k  o f  

growth wa s c o ns idered by Hommez e t  a l  ( 1 9 8 6 ) t o  b e  a maj or c r i t e r i o n  

f o r  the i d e nt i f ic a t i o n  o f  S sui s . The o nly a pparent bioc hemi c a l  

d i f f e r e nc e  between S .  s u i s  t ypes 1 a nd 2 was the f ai lu r e  o f  S .  s u i s  

t ype 1 t o  f erme nt r a f f i no s e . Thi s f i nd i ng wa s a l s o  a ma j or t axonom i c  

c r i t er io n  u se d  b y  De Moo r  ( 1 9 6 3 ) . Although many worke r s  h a v e  r e po r t e d  

s ome variabi l i t y  o f  S .  s u i s  i n  s pec i f i c  bioc hemi c a l  t e s t s ( Ta b l e  3 . 1 ) ,  

i n  t hi s  i nve s t igat i o n  S .  s u i s was s e l ec t ed for s e r o l og i c a l  

ident i f i c a t i o n  o n  the b a s i s o f  a s t r i c t  regime a s  l i s t ed i n  T ab l e  3 . 2 . 

I f  biochemic a l  v a r i a nt s o f  S .  sui s do exi st i n  New Z e a l a nd , they wer e 

not ident i f i ed by thi s t e s t i ng system . 

Many ext r ac t s  o f  t he s t r e pt o c oc c i  t hat were b i oc hemi c a l ly s imi l a r  

t o  S .  sui s  t y p e s  l or 2 ,  f a i led t o  r e a c t  wi t h  group S o r  R a nt i s erum . 

The s e  organi sms wer e  b i o c hemic a l ly s imi l a r  t o , yet s e ro lo g i c a l ly 

d i f f e rent f rom S .  su i s , a nd may have be longed t o  the other types o f  

S .  s u i s  d e s c r ibed b y  P e r c h  e t  a l  ( 1 9 83 ) .  Without ant i s er a  t o  t he s e  

t ype s , i t  wa s not po s si b l e  t o  i dent i f y  t h e s e  i s o l a t e s .  

The f i nd i ng that  the ext r a c t  o f  o ne i so l a t e  o f  S .  s u i s  t yp e  2 

l o s t  the abi l i t y  t o  r e a c t  wi t h  group R a nt i serum wa s s imi l a r  t o  t h e  

f i nd ings o f  P e d e r s e n  e t  a l  ( 1 9 8 1 )  and Perch e t  a l  ( 1 9 8 1 ) .  They f o u nd 

that r e p e a t e d  subc u l t u r i ng c o u ld lead t o  the l o s s  o f  c ap s u l e  a nd 
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c on s e q uent ly the l o s s  o f  t y pe s pec i f i c  ant i g e n .  Pe rch e t  a l  ( 1 9 8 3 )  

d em on s t ra t ed tha t non-ca ps u l a ted i so l a t e s  o f  s . s u i s type 2 p roduced a 

s e d im e n t  when g r own i n  bro t h  s im i l a r  t o  the f i ndi ngs r e po r t ed here . 

Ag a rw a l e t  a l  ( 1 9 6 9 )  s howed that  non-cap sula t ed f o rm s  o f  s .  s u i s 

t y p e  1 f a i l ed t o  grow i n  t h e  blood o f  a p i g l e t  whi 1 s t  a capsula t ed 

f o rm mu l t i p l i e d . T h e y  b e l i e v e d  t h a t t h e  c a p s u l e  p r o t e c t e d  the 

s t re p t ococcus f rom phagocy t os i s .  The loss  of the capsule i s  impo r t ant , 

i n  tha t i t  p revent s  the s e ro logi c a l  i de n t i f i ca t i on o f  tha t o rg an i s m .  

T h e  t y p e  s p e c i f i c  c a p s u l a r  a n t i g e n  o f  S .  s u i  s t y p e  2 i s  

f r e q u en t ly d e s t royed b y  e x t r a c t i ng e i the r a t  a low pH o r  a t  high 

t e mp e ra tu r e s  ( Pe r ch et a l , 1 98 3 ) . The l a b i l i ty of thi s an t i gen was 

d emon s t ra t e d  i n  the p r e s e n t  wo rk . Only 5 %  o f  the ex t ra c t s  o f  S .  s u i s 

t y p e  2 , p re p a red a t  a s t rongly a c i d i c  pH ( 0 . 7 ) ,  r e a c ted wi th g roup R 

a n t i s e rum whi l s t  a l l  e x t r ac t s  reac t e d  when p r e pa re d  a t  a l e s s  a c i d i c  

pH ( 1 .  2 ) .  

N o  i s o la t e  of s .  s u i s produced an ext ra c t  which r e a c t e d  wi t h  

a n t i s e ra t o  bo th groups R and S s t re p t o c o c c i  a s  occurred wi th the R / S  

i s o l a te s  o f  P e r c h  e t  a l  ( 1 9 8 3 ) and D e  Moo r  ( 1 9 6 3 ) .  

The s e ns i t iv i ty o f  S .  s u i s  t o  a n t i b i o t i c s h a s  been i nv e s t i ga t ed 

by many wo rke r s .  A wide range of a n t i b io t i c s  have been d emon s t ra t ed t o  

b e  e f f e c t i v e  a ga i n s t  s .  s u i s i n  v i t ro ,  wi t h  m o s t i so la te s  sens i t i v e  t o  

p e n i c i l l i n  ( N e s v a d b a  e t  a l ,  1 9 6 0 ; P e d e r s e n  e t  a l ,  1 9 7 7 ;  Kun t e r , 

1 98 2 b ) .  H oweve r ,  Shne e r s o n  e t  a l  ( 1 98 0 )  i so l a t e d  S .  sui s type 2 f rom 

o n e  c a s e  o f  human meni ng i t i s  tha t was re s i s t a n t  t o  t h i s an t i bi o t i c .  I n  

the p r e s e n t  i nv e s t iga t i on a l l  i s o l a t e s  were s e n s i t ive t o  peni c i l l i n a s  

w e l l  a s  t o  a range o f  o th e r  an t i bi o t i cs f r equen t ly used f o r  t re a t i ng 

p i g s  ( I re land , 1 98 6 ) . P e ni c i l l i n has t ra d i t i ona l ly been t he an t i bi o t i c 

o f  c ho i c e  f o r  t re a t ing b o t h  human and ani ma l c a s e s  of d i s e a s e  f rom 

S .  s u i s  type 2 ( Joynson , 1 98 0 ;  C l i f t o n-Ha d l ey , 1 98 3 a ) .  Peni ci l l i n  ha s 

f requently been added t o  p i g  feed in an a t tempt t o  con t ro l  e p i d emi c s  

o f  i nf ec t i on wi t h  S .  s u i s .  Howev e r ,  many peni c i l l i n d e r i ved c ompound s 

a re h e a t  l a b i l e  and t h e  h i g h  t empera t u r e s  ( i n the regi on o f  7 5°C ) 

reache d  i n  e x t rudi ng m e a l  through a d i e  i n  t he pe l l e t i ng proce s s  may 

i na c t i va t e  the a n t i b i o t i c  s upplement ( C l i f t on-Ha d l ey , 1 98 3 a ; Doug l a s , 

1 98 3 ) .  P e ni c i l l i n  G i s  ava i l ab l e  b o t h  a s  a n  i ns o lu b l e  proca i ne s a l t  

and a s o lu b l e  po t a s s i um s a l t  and i s  c ommon ly f e d  t o  p i g s .  Whe e l e r  

( 1 98 3 ) showed tha t the p e l l e t ing o f  f e ed whi c h  ha d been s u p p l em e n t ed 
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wi t h  pot a s s ium penic i l l i n  G r educ ed t he level o f  penic i l l i n  t o  1 0 %  o f  

t he i ni t i a l  c onc e nt r a t i o n , whi l s t  pr o c a i ne penic i l l i n  wa s reduced t o  

approximat ely 4 0 %  o f  i ni t i a l  l e v e l s . The add i t io n  o f  mol a s s e s , t o  

a s s i s t  in t he p e l l e t i ng pro c e s s  a nd t o  minimiz e  f eed c o s t s , f u r t h e r  

r e d u c e d  the l e v e l  o f  p e ni c i l l i n  t o  l e s s t h a n  1 % .  Phenoxymet hy l  

peni c i l lin ( pe ni c i l l i n  V ) , a wat er soluble p e nic i l l in produc t ,  

produc ed higher serum l ev e l s  o f  a nt ib i o t i c  t han p e ni c i l l i n  G when f ed 

i n  mea l ,  but i t  was simi l a r ly i nac t iv a t ed by t he h i g h  t empe r a tu r e s  o f  

p e l l e t ing . Ot her ant i b io t i c s  such a s  l i nc omyc i n  a nd t i amu l i n  a r e  h e a t  

s t ab l e  but d u e  t o  t h e i r  h i g her c o s t s  are n o t  e c o nomi c a l  a s  a f e e d  

addi t ive ( Whe e ler , 1 9 8 3 ) .  Therefor e , a l t hough an i so l a t e  o f  S .  sui s i s  

s e n s i t ive t o  an ant i b i o t i c , the mixing a nd proc e s s i ng o f  t ha t  

antibiotic  i n  f eed may i na c t i v a t e  i t  a nd make i t  a n  impr a c t i c a l  me t hod 

o f  t r e a tment . 

B .  INDIRECT FLUORESCEN T  ANTI BO DY TEST ( I . F . A . T . ) 

INTRO DUCTI ON 

The d e t e c t ion o f  t o n s i l la r  c ar r i e r s  o f  S .  s u i s  and t he 

d emons t r a t i o n  of t h e s e  or gani sms i n  pathol o g i c a l  spec imens h a s  

t r a d i t iona l ly b e e n  b a s e d  o n  c u l t u r a l  t e c hniqu e s  c ombi ned wi t h  

bioc hemical  a nd prec i p i t i n  t e s t s ( De Moor , 1 9 6 3 ; P e r c h  e t  a l , 1 9 8 1 ) .  

The s e  method s are t ime c onsuming a nd have low s e n s i t i v i t y  ( Hunt a nd 

Edwar d s , 1 9 82 ; Ar end s  e t  a l ,  1 9 84 ) . Immuno f luor e s c e nc e  h a s  been u s e d  

suc c e s s fully for the r a p i d  d e t e c t i o n  o f  group A s t r e p t o c oc c i  ( Moody 

e t  a l ,  1 9 6 3 ; Moody , 1 9 7 2 ) ,  group E s t re p t oc oc c i  o f  pigs  ( Sc hu e l e r  

e t  a l ,  1 9 7 3 )  a nd f a e c a l  s t re p t o c o c c i  ( Abshire a nd Gut hr i e , 1 9 7 1 ; 

Pug s le y  and Evi s o n ,  1 9 7 4 ) . Hunt and Edwards ( 1 9 8 2 ) d eveloped a d i r e c t  

f lu o r e s c ent ant ibody t e s t  f o r  the d e t ec t io n  o f  

pathologi c a l  s pec imens . 

t yp e  2 i n  

The advant age o f  immuno f lu o r e s c ent t e s t s  i nc lude t he s pe ed wi t h  

whi c h  the proc edure c a n  b e  per f o rmed and the s e ns i t iv i t y  o f  t he 

t ec hnique ( C herry e t  a l , 1 9 6 0 ) .  Resu l t s  f r om f luores c ent ant ibody 

t e s t s  are ava i lable a f t er t he sme a r s have be en p r epared , s t ai ned a nd 
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examined . The s e  p r o c edures o n l y  t ake a f ew hour s t o  p e r f orm c ompared 

t o  the t hr e e  days r e qu ired f o r  the t r a d i t ional c u l t u r a l  method s . The 

t ime t aken t o  p e r f orm a f lu o r e s c ent t e s t  may ,  however , b e  ext e nded i f  

spec imens are c u l t u r ed and incuba t ed pr ior t o  s t a i ni ng .  T h i s  pro c ed u r e  

inc r e a s e s  t he number o f  bac t er i a  pre sent i n  t h e  s ampl e  impro v i ng the 

sens i t i v i t y  o f  t he t e s t . Thi s ext r a  period o f  inc ub a t i o n  may v ar y  f r om 

a t wo hour incuba t i o n  i n  b r o t h  ( Mo ody et al , 1 9 6 3 )  t o  a n  1 8  hour 

incubat io n  on blood agar p l a t e s  ( Rober t s o n ,  1 9 8 5a ) . 

The sens i t i v i t y  o f  the f lu o r e s c ent ant ibody t e s t  i s  l i mi t ed by 

the number o f  o r g a ni sms p r e s e n t  i n  t he sme a r s  a nd t he p e r i o d  o f  t ime 

spent examining the smear . I mmuno f luore sc enc e a l l ows f o r  the 

ident i f i c at i o n  o f  very sma l l  number s o f  s p ec i f ic a l ly s t a i ne d  

organi sms . T h e  p r e s enc e o f  other bac t e r i a , whic h  may i n t er f er e  wi t h  

the i s o l a t i o n  o f  a s pec i f i c  bac t er ium b y  t r a d i t iona l c u l t u r a l  met ho d s , 

wi l l  no t i n t er f e r e  wi t h  the f lu o r e sc ent ant ibody t e s t  ( C herry e t  a l ,  

1 9 6 0 ) . 

To d e t ermine t he a c c u r a c y  of a t e s t , the r e su l t s  o f  t he t e s t  

und er i nv e s t i g a t i o n  a r e  u su a l ly c ompared wit h  the r e s u l t s f r om another 

t e s t . Thi s l a t t e r  t e s t  i s  a s sumed to be t he more a c c u r a t e ,  a l t hough i t  

i s  r a r e l y  absolu t e  ( Mar t i n , 1 9 8 4 ) . Thi s problem o f  t he a c c ur a c y  o f  a 

t e s t  c an b e  overc ome i f  the d i s e a s e  has a prevalenc e  o f  1 00 % . I n  t h i s  

c as e , i f  a l l  anima l s  a r e  i n f e c t ed t hen a nima l s  i d e nt i f i e d  a s  nega t iv e  

a r e  t r u e  f al s e  ne g a t ives . I n  t he p r e s e n t  work , a t r u e  p r e v a l e nc e r a t e  

for S .  s u i s  t ype s l and 2 o f  1 00 %  i s  a s sumed . Thi s a s sump t i o n  i s  ba s ed 

on work per formed by o t h e r s  ( C l i f t on-Had ley l 98 4b )  who have 

shown t ha t  S .  suis  t ype 2 a r e  t r a nsmi t t ed to  hea l t hy non-i nf e c t ed p i g s  

a f t e r  f iv e  days o f  c o nt ac t  wi t h  c ar r i e r s  a nd t h a t  p i g s  o n c e  i n f e c t ed 

remai n  i nf ec t ed f o r  over 5 0 0  d a y s . There f o r e  t he c lo s e  c on t a c t  betwe e n  

pigs i n  int ens i v e  piggeri e s  wou ld e nsure t he r apid s pr e a d  o f  i nf e c t io n  

t hr ou ghout t he herd . The d e t ermi n a t i o n  o f  accur a c y  o f  t e s t s  wi l l  b e  

d i s c u s s e d  i n  mor e  d e t a i l  l a t e r  i n  t h i s  chapter . 

Thi s s ec t io n  d e s c r ibe s t he d e v e lopment o f  the I . F . A . T . a s  a r a p i d  

and a c c u r a t e  t o o l  for u se in subs equ e nt e p idemi o l o g i c a l  

inve s t i ga t i ons . 
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MAT ERIAL S  AND METHODS 

Ant i se r a  

C omme r c i a l ly produ c e d  g r o u p  R a nd S s t reptoc o c c a l  a n t i s e r a 9 w e r e  

u s ed . The s e  a n t i s e r a , whi c h  had been produc ed i n  rabbit s ,  wer e  t he 

s ame a s  t ho s e  used i n  t he L a nc e f i e ld pr e c i p i t i n  t e s t . E a c h  ant i s erum 

was s e r i a l l y  d i lut ed wi t h  pho s pha t e  bu f f ered s a l i ne ( P E S -Appendix I I ) 

t o  deve l o p  a s pec i f i c  t e s t  a nd t o  obt ain the mo s t  e c o nomi c a l  u s e  o f  

reagent s .  

C onj ugat e 

Fluor e s c e i n  l a b e l l e d  goat  a nt i -rabbit immunoglobu l i n 1 0  wa s u s e d  

a f t er s e r i a l ly d i lut i ng wit h  P B S . A c hequer board s e r i e s  o f  t i t r a t i o ns 

( as d e s c r ibed l a t er ) wa s u s ed t o  d e t ermine t he mo s t  e f f i c i ent d i lu t ion 

o f  c o nj ug at e .  The ant ibody c ont ent o f  the undilut ed c onj u g a t e  wa s 2 . 5  

mg/ml wit h  a f luor e s c ent / pr o t e i n  r a t i o  o f  4 . 5 : 1 .  

I . F . A . T . T echniqu e  

Swabs t aken d i r e c t ly f rom t i s s u e  s ampl e s  wer e  sme a r e d  o nt o  s h e e p  

blood a g ar p l a t e s  a n d  incub a t ed f o r  1 8  hours at  3 7 °C .  Sme a r s  wer e  made 

f rom the ar e a s  o f  heavy b a c t e r i a l  growt h o f  these pl a t e s  o nt o  c le a n  

gla s s  mic r o sc o pe s l i de s . The s e  sme a r s  were f ixed i n  a c e t o ne a t  4°C f o r  

t e n  minu t e s  i n  a C o pl i n  j ar .  Af t er f ixat ion , a d r o p  o f  0 . 1 % t r yp s i n 1 1  

wa s depo s i t ed on t he smea r  a nd the s l ide air dried . E a c h  f ixed s me a r  

was c overed wi t h  a d r o p  o f  the d i lu t ed group R or S a n t i s e rum a nd 

i nc ubat ed i n  a moi s t ur e  c hamber ( a  sea led pla s t i c  l u n c h  box 

i nc orpora t i ng r acks f o r  s l id e s  a nd mo i s t ened t i s su e  paper ) at 3 7°C f o r  

3 0  minu t e s  ( P l a t e  3 .3 ) .  S l i d e s  w e r e  then ri nsed a nd wa shed t hr e e  t im e s  

i n  b a t h s  o f  P B S  for t e n  m i nu t e s  p e r  b at h .  Af t er b l o t t in g  d r y , a d r o p  

o f  t h e  d i lu t ed f luor e s c e i n  l abe l led a nt i -rabbit g l obu l i n  wa s a d d e d  a nd 

9 We l l c ome Reagent s Limi t ed , B e c ke nham , Eng l a nd . 

1 0  Sout h  P ac i f i c  I mmuno l o gi c a l  Labor a t o r i e s  Limit ed , 

Wel l i ng t o n , N ew Zea land . 

1 1  Di f c o  L abora t o r ie s , Det ro i t , Michigan , U . S . A .  
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t he s lides wer e  i nc u b a t ed i n  t he mo i s t u r e  c hamber f o r  a f u r t he r  3 0  

minut e s . Af t er r i n s i ng a nd washing f or 3 0  minu t e s  i n  a n o t her t hr e e  

baths of P B S , s l i d e s  wer e  blo t t ed dry a n d  mount ed i n  b u f f ered g l y c e r o l  

( Appendix I I ) wi t h  a number 2 c over s l i p . The bu f f er ed g l y c e r o l  

mount i ng medium wa s u se d  t o  s low down the f ading o f  a ny f lu o r e s c e nc e  

pre s ent ( Kawamu r a , 1 9 6 9 ) .  S lides  wer e  e xami ned 

i l lumination wi t h  a wave l e ng t h  of 400 to 4 9 0  nm . A 

mic r o scope wi t h  a 50 wa t t  merc ury vapour l amp 

u s ing u l t r a v i o l e t  

Mic r o s t a r  2 0 7 1 M 1 2  

o r  a n  O lympu s 1 3  

mic r o scope wi t h  a l OO wa t t  mercury burner were u s ed a t  4 0 0  t imes 

mag ni f i c a t io n . F lu o r e s c ence wa s graded f r om 1+ to 4+ b a s ed on t he 

s y s t em d e s c r i bed by Moody e t  a l  ( 1 9 5 8 ) , with a 1 +  r e a c t i o n  s howing 

weak f luoresc e nc e ,  2 +  showing d e f i ni t e  f luorescence of low i n t e ns i t y ,  

3 +  wi th bright , s ha r p ,  c le a r  f luor e s c e nc e  and 4 +  wi t h  very b r ight , 

sharp f luor e s c enc e .  F l u o r e s c ence o f  2 +  or g r e a t er wa s c on s id e red 

po s i t ive . 

Dil u t i o n  o f  Ant i s e r a  a nd C on j u g a t e  

Group R a nd S a nt i s erum and t h e  c o n j u g a t e  wer e  s e r i a l l y  d i lu t ed 

wit h  PBS ( Appendix I I ) . C hequer-board t i t r a t i o ns wer e  p e r f ormed t o  

d e t ermine the o pt imum c o nc e nt r a t io n  o f  a n t i serum a nd c o nj u g a t e  for 

both S .  suis  t yp e  1 and 2 .  Thi s i nvolved f ixing numerous sme a r s  f rom 

c u l tures of S .  s u i s  o n t o  s l i d e s  a nd t he n  s t aining t h em wit h  a s e r i e s  

o f  d i lutions o f  a nt i s er a  ( 1 / 1 0 t o  1 / 3 2 0 )  a nd conj ug a t e  ( l / 1 0 t o  1 / 80 ) . 

The weake st d i l u t i o n  o f  ant i s erum and c o n j u g a t e  t ha t  provided maximum 

f luorescenc e  wa s s e l e c t ed f o r  u s e  in f u r t he r  tes t s . 

Speci f ic it y  o f  I . F . A . T .  

The spec i f i c i t y  o f  t h e  I . F . A . T . , f o r  both S .  s u i s  t ype s 1 a nd 2 ,  

wa s d e t ermi ned by s t a i n i ng i s o l a t e s  o f  S .  s u i s  t ypes 1 and 2 a s  we l l  

a s  other bac t er i a l  spec i e s  a nd examining f or f lu o r e s c e nc e . 

S t reptococcus s u i s  t ype s 1 a nd 2 wer e  i s o lated f r om the t on si l s  o f  

a pparent ly hea l t hy p i g s  a s  we l l  a s  f rom s amples c o l le c t ed po s t  mor t em .  

1 2  Amer i c an O p t i c a l  S c i e nt i f i c  I ns t rument Divi s io n , 

Bu f fa lo , N e w  York . 

1 3  Olympu s Opt i c a l  C o . ,  L t d , Tokyo J ap a n  
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All o f  t h e  i s o l a t e s  s t ained wer e  ident i f i ed by means o f  c u l t u r a l , 

biochemi c a l  and p r e c i pi t i n  t e s t s  a s  d e s c r ibed e a r l i er . O t he r  

s t r e p t o c oc c a l  a nd b a c t e r i a l  s pe c i e s  wer e  i s o l a t ed e i ther f r om t he 

t o ns i l s  o f  pigs  c o l le c t ed at a meatworks , f r om p a t ho l og i c a l  s p e c imen s  

or obt a i ned from t he f r e e z e  d r i ed c o l l e c t io n  o f  t he Dep a r t me nt o f  

V e t erinary P a t h o l o g y  a nd P u b l i c  H e a l t h ,  Ma s s ey Univer s i t y .  

C ompari s o n  o f  I . F . A . T .  wit h  C u l t u r a l  T e chniques f or Demo n s t r a t i ng 

S .  s u i s  i n  t h e  T o ns i l s  

One p a l a t i ne t on s i l  f rom e a c h  o f  8 9  p i g s  s laught e r ed a t  a 

meatwo rks were c o l le c t ed and r e t urned t o  t h e  l abora t or y  wi t h i n  t wo 

hour s . The pigs  o r i g i nat ed f rom e ight herd s , six o f  whi c h  had 

p r eviou s l y  been shown t o  be i n f ec t ed wi t h  S .  suis t yp e  2 a nd four wi t h  

S .  suis  type 1 .  T o n s i l s  were s ec t io ned t wo o r  t hr e e  t ime s i n  a p l a n e  

e i ther p ar a l l e l  t o  o r  perpe nd i c u l ar t o  t h e  buc c a l  sur f ac e .  S wa b s  o f  

t he inc i sed s ur f a c e wer e  i ni t i a l ly p l a t ed ont o sheep blood a g ar p l a t e s  

a nd t hen smeared d i r e c t l y  onto mi c r o scope s l ide s . Aga r  pl a t e s  wer e  

i ncuba t ed f o r  1 8  hour s a t  3 7°C and swabs t aken f rom t he r e g i o n  o f  

heavy bac t e r i a l  growt h a nd sme a r s  mad e  o n  micr o s c o pe s l ide s . Sme a r s  

made f r om b o t h  t h e  d i r e c t  t on s i l l ar swab a nd t h e  pr imary c u l t u r a l  

g r owth wer e  s t a i ned wi t h  an I . F . A . T . The r e s u l t s  obt a i ned f rom t h e  

I . F . A . T .  wer e  c ompar ed wi t h  those f rom i s o l a t i o n  a nd i d e nt i f i c a t i o n  o f  

S .  su i s  by c u l t u ra l , bioc hemic a l  a nd prec i p i t i n  t e s t s  f r om t he g r ow t h  

o f  the s ame swab s . 

C ompar i s o n  o f  I . F . A . T .  o n  Primary Culture wit h  Cultura l  Techniqu e s  f o r  

Demon st r a t i ng S .  s u i s  i n  N a s a l  Swab s  

N a s a l  swabs wer e  c o l l ec t ed f rom 6 0  pigs  a f t er s t u nning but p r i o r  

t o  exs a nguina t i o n  a t  t h e  meatwo rks . The s e  pigs  o r i g i na t ed f r om t w o  

herds , f r om whi c h  S .  s u i s  types 1 a nd 2 h a d  previously b e e n  i s o l a t ed . 

The swab
1 4 wa s i n s e rt ed a pproxima t ely three c m  i n t o  the nas a l  c av i t y  

a nd rot a t ed o n  t h e  muc o s a . Swabs were plated o n t o  shee p  b l o od a g a r  a nd 

inc ubat ed f o r  1 8  hou r s  at 3 7 °C .  Alpha haemo ly t i c  c o l o ni e s  were 

s e l ec t ed a nd subc u l t ur e d  to  obt a i n  a pure c u l t ur e , a nd bioc hemi c a l  a nd 

1 4  Hospi swab Med i c a l  Wire a nd Equi pment L td , C o r sham , 

Wi l t shire , Eng l a nd 
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p r e c i pi t i n  t e s t s  wer e  p e r formed o n  these t o  ident i f y  i s o l a t e s  o f  

S .  s u i s . Sme a r s  wer e  a ls o  made f rom t he area o f  he avy mixed bac t er i a l  

growth o n  t he primar y  c u lt u r e  a nd sub j e c t ed t o  t he I . F . A . T . T h e  

r e s u l t s  obt ained f r om t he c o nvent ional c u lt u r a l  t ec hnique wer e  

c ompared wit h  t h o s e  o f  t h e  I . F . A . T  o n  t h e  primary growth . 

C ompar i s o n  o f  t he I . F . A . T . o n  t he Prima r y  G rowth o f  N a s a l  a nd 

Tonsi ll a r  Swab s  f o r  Demo n s t r a t i n g  S .  s u i s  

N a s a l  swabs wer e  c o l l e c t ed f rom 5 0  p i g s  p r i o r  t o  exsanguina t i o n  

a s  d e s c r ibed above . T h e s e  p i gs o r i g i na t ed from t hr e e  herd s , f rom whic h  

bo t h  S .  s u i s  t y p e s  1 a nd 2 had pr eviously b e e n  i s o l a t ed . One p a l a t i ne 

t on s i l  was a l s o  c o l l ec t ed f r om e a c h  pig wit h i n  3 0  minu t e s  o f  

exs a nguina t io n . T h e  I . F . A . T . wa s c ar ried out o n  t he pr imar y  c u l t u r e  o f  

b o t h  t o n s i l l a r  and na s a l  swabs and t he r e s u l t s c ompared . 

C omp a r i s o n  o f  Shee p  B l o od Aga r  wit h  Edwa r d s ' Medium a s  P r imary C u l t u r e  

Medium prior t o  u s e  o f  I . F . A . T .  

Swabs wer e  t ak e n  f rom t he i nc i s ed sur f a c e  o f  p a l a t ine t o ns i l s  

c o l l e c t ed f r om 7 4  p i g s . The s e  pigs c ame f rom f ive herds , t hr e e  o f  

whi c h  had previou s l y  b e e n  d e t e c t ed a s  being i n f e c t ed wi t h  S .  s u i s  

t yp e  2 and two wi th S .  s u i s  t ype l .  The t onsi l l ar swabs were i ni t ia l l y  

p l a t e d  onto C o lumbia Ba s e  Ag a r  c o n t a i ning 5 %  sheep blood a nd t h e n  o n t o 

Edwards Med ium ( mod i f i ed ) 1 5 . Sme a r s  were a g a i n  t aken f rom t h e  a r e a s  o f  

heavy bac t er i a l  g rowth o n  both med i a , subj e c t ed t o  the I . F . A . T .  a nd 

r e su l t s  c ompa r ed . 

RESULTS 

The mi nimum d i lu t i on s  of  a nt i se r a  a nd c o n j u g a t e  needed to  produc e 

maximum ( 4 + )  f luore s c e nc e  whe n  t e st ed a g a i n s t  homo l o g o u s  s t r a in s  o f  

S .  s u i s , were l i n  8 0  a nd l i n  4 0  r e spec t ive ly ( Ta b l e s  3 . 4 a nd 3 . 5 ) .  

P l a t e  3 .  4 s hows S .  s u i s  type 2 s t a i ned wi th t he I . F . A . T .  T h e  c o c c o id 

na t u r e  a nd s ho r t  c ha i ns o f  t h e  s t r e p t o c o c c u s  a r e  a pparent . 

1 5 Oxo id L imit ed , B a s i n g s toke , Hampshi r e , Eng l a nd . 
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TABLE 3 . 4  

FLUORE S C ENCE* O F  S .  SUI S  TYPE 1 AT VARIOU S DILUT I O N S  

O F  CONJUGAT E  AND ANTI SERA 

GROUP S FLUORE SC E IN LABELLED CONJUGATE D I LUT I ON 

STREPTOCOCCAL 

ANTI SERUM 

l / 1 0  

l / 2 0  

1 / 40 

1 / 80 

1 / 1 6 0  

1 / 3 2 0  

1 / 1 0  1 / 2 0  1 / 4 0  

4 +  4 +  4 +  

4 +  4 +  4 +  

4 +  4 +  4 +  

4 +  4 +  4 +  

2 +  2 +  1 +  

1 +  1 +  1 +  

TABLE 3 .  5 

FLUORESCENCE* OF S .  SUI S  TYPE 2 AT DIFFERENT 

CONCENTRATION S  OF GROUP R CONJUGATE AND ANTI SERUM 

l / 8 0  

2 +  

2 +  

2 +  

2 +  

1 +  

1 +  

GROUP R FLUORESCEIN LABELLED CONJUGAT E  D ILUT I ON 
STREPTOCOCCAL 

ANT I SERUM 1 / 1 0 1 / 2 0  1 / 4 0  1 / 80 

1 / 1 0  4 +  4 +  4 +  2 +  

1 / 2 0  4 +  4 +  4 +  2 +  

l / 40 4+ 4+ 4+ 2 +  

1 / 8 0  4 +  4 +  4 +  1 +  

1 / 1 6 0  3 +  2 +  2 +  1 +  

1 / 32 0  1 +  1 +  1 +  1 +  

* f luore s c e nc e  1 +  wea k  

2 +  l o w  i n t e n s i t y  

3 +  bri g h t  a nd c lear 
4 +  very bright a nd sharp 
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PLATE 3 . 3  

THE MJISTURE CHAMBER USED IN THE Jl.MJNOFLUORESCENT TESTS 

PLATE 3 . 4  

S .  SUIS TYPE 2 STAINED WITH AN I .  F .  A .  T .  
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The I . F . A . T .  appeared highly specific  for S .  suis  when t he 

homologous antiserum was used ( Table 3 . 6  and 3 . 7 ) . All isolates  of  

S .  suis type 2 showed very bright f luoresc ence ( 4 + )  when st ained wit h  

a 1 / 80 di lut ion of group R ant i serum , while no more than a faint 

reaction ( 1 + )  was obtained from other s t r eptococc a l  or bac t er ial 

species . Similarly only S .  suis t ype 1 produced a 4 +  f luorescence when 

stained with  homologous group S antiserum . There were no cross  

reactions between the two t ypes of  S .  suis . 

Assuming a true prevalenc e  of  1 00% , the sensit ivity o f  the three 

t echniques ( c ultural , I . F . A . T . on a d irec t smear and I . F . A . T . on the 

primary bac t erial growt h )  for detec t ing S .  suis in  the t onsi l s  are 

c ompared in  Tables 3 . 8  and 3 . 9 .  The sensit ivity of  cultural methods 

for det ect ing S .  suis type 2 was only 1 5 % ,  c ompared wit h  67% for an 

I . F . A. T .  performed direc t ly on t onsillar swabs . However , an I . F . A . T . 

on the mixed growth f rom a t onsillar swab inc ubated on blood agar for 

18 hour� ,  increased t he sensit ivity to 76% . Similarly the sensitivity 

for detec t i ng S .  suis  type 1 inc r eased from 1 2 %  for tradit ional 

cultural met hods ,  to 46% with  an I . F . A . T .  on tonsil lar swabs and 6 2 %  

with a n  I . F . A . T . of smears from t h e  bacterial growth from tonsil lar 

swabs . There was a signi f ic ant d i f ferenc e  between t he number of 

positive swabs for the three methods for both S.  sui s  types 1 and 2 

( p  ( 0 . 00 0 1 ) .  Posit ive f luorescenc e ,  for both S .  sui s  types 1 and 2 ,  

was detec t ed in some pigs from a l l  herds , inc luding those  from which 

S .  suis had not previously been det ec t ed by the tradit ional 

microbiological t echniques . 

When swabs were t aken from tons i l s  inc i s ed at right angles to  the 

oropharyngea l  sur fac e 7 7 %  ( 1 7 / 2 2 ) showed posit ive f luoresc ence for 

S .  suis t ype 2 ,  compared with 6 8 %  when swabs were t aken f rom the same 

tonsils  inc ised para l l e l  to their surfac e . There was no signi f i cant 

dif ferenc e (p ) 0 . 4 )  between the number of  positive swabs detec t ed by 

either method of sampling . 

In  Tables 3 . 1 0 and 3 . 1 1  the c ul tural and fluorescent f inding s  o f  

6 0  nasal swabs , taken f rom two herd s , are c ompared f o r  both S .  suis  

types 1 and 2 .  When an I . F . A . T . was performed on the primary bac t erial 

growth , S .  suis type 2 was detected in  60% of  swabs and S .  suis t ype 1 

in 48% compared with only 3 %  and 2% when the tradit iona l  c u l tural 
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TABLE 3 . 6  

SPECIFICITY OF THE I . F . A . T .  FOR S .  SUI S  TYPE 2 WITH GROUP R ANTI SERUM 

NUMBER FLUORESCENCE 
ORGANISM TESTED 4+ 3 +  2 +  l +  

s .  suis type 2 3 3  3 3  

Group A streptococci 2 2 
Group B streptoc oc c i  l l 
Group c s t reptococci 4 4 
Group D streptococci 2 2 
Group p streptococc i  2 2 
Group s streptococ c i  2 0  20  
s .  uberis l l 
s .  viridans 2 7  2 7  
Staph . aureus 7 7 
Mic rococcus sp . 2 2 
E .  coli 3 3 

TABLE 3 . 7  

SPECIFICITY OF THE I . F . A . T . FOR S .  SUI S  TYPE l WITH GROUP S ANTI SERUM 

NUMBER FLUORESCENCE 
ORGANI SM TESTED 4+ 3+  2+  l +  

s .  sui s  type l 20  20 

Group A streptococc i  2 2 
Group B streptococ c i  l l 
Group c streptococc i  4 4 
Group D st reptoco c c i  2 2 
Group p streptococ c i  2 2 
Group R streptococc i  33 33  
S .  uberis  l l 
S .  viridans 2 7  2 7  
StaEh .  aureus 7 7 
Micrococcus sp . 2 2 
E .  coli 3 3 



TABLE 3 . 8  

COMPARISON OF CULTURAL AND IMMUNOFLUORESCENT TESTS 
( I . F . A . T . ) FOR THE DETECTION OF S .  SUI S TYPE 2 

TOTAL NUMBER TOTAL NUMBER NUMBER OF SENSITIVITY 
TEST OF P I GS OF SWABS POSITIVE OF TEST 

TESTED COLLECTED SWABS %*  

Culture 8 9  1 7 1  25  15  

I . F . A . T . 
o f  Direct 28  68  46  67  
Smear 

I . F . A . T . 
o f  Primary 8 9  1 7 1  1 30 7 6  
Culture 

* - 1 00%  prevalenc e  a s sumed 

TABLE 3 . 9  

COMPARISON OF CULTURAL AND IMMUNOFLUORESCENT TESTS 
FOR THE DETECTION OF S .  SUI S  TYPE 1 

TOTAL NUMBER TOTAL NUMBER NUMBER OF SENSITIVITY 
TEST OF P I GS OF SWABS POSITIVE OF TEST 

TESTED COLLECTED SWABS %*  

Culture 4 6  98  1 2  1 2  

I . F . A. T .  
o f  Direct 22  48 22 4 6  
Smear 

I . F . A . T . 
of Primary 46  98  6 1  6 2  
Culture 

* - 1 00 %  prevalenc e a ssumed 
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TABLE 3 . 10 

COMPARI SON OF CULTURAL AND IMMUNOFLUORESCENT 
TESTS ON NASAL SWABS FOR S .  SUI S  TYPE 2 

TEST 

Culture 

I . F . A. T .  on 
Primary Culture 

TOTAL 
NUMBER 
OF PIGS  

60  

60  

NUMBER OF 
POSITIVE 

NASAL SWABS 

2 

3 6  

* - l OO% prevalence assumed 

TABLE 3 . 1 1 

SENSITIVITY OF TEST 
FOR DETECTING 

INFECTED ANIMALS 
( % ) *  

3 

6 0  

COMPARI SON OF CULTURAL AND IMMUNOFLUORESCENT 
TEST S  ON NASAL SWABS FOR S .  SUI S  TYPE l 

TOTAL 
TEST NUMBER 

OF PIGS 

Culture 60 

I . F . A. T .  on 60  
Primary Culture 

NUMBER OF 
POSITIVE 

NASAL SWABS 

l 

2 9  

* - lOO% prevalence a ssumed 

SENSITIVITY OF TEST 
FOR DETECTING 

INFECTED ANIMALS 
( % ) *  

2 

4 8  

6 4  



methods were u sed . There was a signif icant differ ence ( p  ( 0 . 000 1 )  

between the numbers of  nasal swabs detected as positive for s .  suis 

types 1 and 2 by the I . F . A . T . compared with the tradit ional c ultur a l  

methods . 

Tables 3 . 1 2 and 3 . 1 3 record the level of detection of  S .  suis  

types 2 and 1 respe c t ively , from an I . F . A . T .  performed on the primary 

growth of nasal  and tons i l lar swabs collected from the s ame animals .  

I n  Table 3 . 1 2 ,  6 8 %  ( 34 / 5 0 )  of pigs were c lassified as  posit ive f or 

S .  suis type 2 when the I . F . A . T . was carried out on t he growth f rom 

t onsillar swabs , compared to 5 2 %  ( 2 6 / 50 )  when using the growth f rom 

nasal swabs . Nasal  swabs were negative in 2 8% ( 1 4 / 5 0 )  of pigs that 

were posit ive on tonsi llar swabbing . Conversely only 1 2 %  ( 6 / 5 0 )  o f  

tonsillar swabs were negat ive from pigs which  had pos i tive nas a l  

swabs . There  was no signi f i c ant diff erence ( p ) 0 . 1 )  between t h e  

number of animal s  detec t ed a s  being infected with S .  s u i s  t ype 2 by an  

I . F . A . T .  o n  tons i llar swabs , and those ident ified by  an I . F . A . T . on 

nasal swabs . Table 3 . 1 3 shows that when an I . F . A. T .  for S .  suis  type 1 

was performed on the growth from tonsillar swabs 5 6 %  ( 2 8 / 50 )  wer e  

positive , c ompared with 3 4 %  ( 1 7 / 50 ) when nasal swabs were u sed . Nasal  

swabs were negat ive in  2 4% ( 12 / 50 ) of pigs that were pos i t ive f or 

S .  suis t ype 1 on tons i llar swabbing , whilst  only 2% ( 1 / 5 0 )  of pigs 

with negative tonsillar swabs had posit ive nasal swabs . There was a 

significant d i f f erenc e ( p  ( 0 . 0 5 )  between the number of animals  which  

were det e c t ed as  inf ec t ed with S .  suis  type 1 by  an I . F . A . T . on 

tonsillar swabs , and t hose  ident i f ied by an I . F . A . T . on nasal  swabs . 

Tables 3 . 1 4 and 3 . 1 5 compare the results of the I . F . A . T . on the 

growth f rom tonsillar swabs on sheep blood agar with the r e s u l t s  f rom 

Edwards ' Medium , for S .  suis types 2 and 1 respect ively . When an 

I . F . A . T . was u sed on the bac t erial growth from tonsillar swabs 

cultured on Edwards ' Medium , 74% ( 5 5 / 74 ) of tonsils were c la s s i f i ed a s  

infected wit h  S .  s u i s  type 2 ,  compared to 5 6 %  ( 4 1 / 7 4 )  when t h e  I . F . A . T  

was done o n  the growth o f  the same t onsil lar swab cultured o n  sheep 

blood agar . However , this differ ence was not signi ficant ( p ) 0 . 1 ) .  

Tes t s  on t he growth from sheep blood agar failed to detec t 2 3 %  ( 1 7 / 7 4 )  

o f  pigs t hat  wer e  c l a ssed a s  posit ive when the same test  was performed 

on the growth from Edwards ' medium . Only 4%  ( 3 / 74 )  were negat ive f rom 

the growth on Edwards ' 

( Table 3 . 1 4 ) . S imilarly 

medium yet positive on the sheep blood agar 

for S .  suis type 1 ,  56% ( 4 1 / 7 4 ) o f  t onsil lar 
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TABLE 3 . 12 

COMPARISON OF NASAL AND TON S ILLAR SWABS FOR DETECTING 
S .  SUI S  TYPE 2 WITH THE I . F . A . T .  

I .  F . A .  T .  RESULT 
Nasal Swab Tons i l lar Swab 

+ + 

+ 

+ 

Tot a l  Number o f  Pigs 

+ Al l pigs in group were pos i t ive to test 
Al l pigs in group were negat ive to  test 

TABLE 3 . 1 3 

NUMBER OF P IGS 
EXAMINED 

20 

6 

1 4  

1 0  

so 

COMPARI SON OF NASAL AND TONSILLAR SWABS FOR THE DETECTION 
OF S .  SUI S  TYPE 1 WITH THE I . F . A . T .  

I . F . A . T .  RESULT NUMBER OF PIGS  
Nasal Swab Tons illar Swab EXAMINED 

+ + 1 6  

+ 1 

+ 1 2  

2 1  

Tot a l  Number o f  Pigs 50  

+ All pigs in group were posit ive to t est 
All pigs  in group were negat ive to test 
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TABLE 3 . 1 4 

COMPARI SON OF 5% SHEEP BLOOD AGAR WITH EDWARDS MEDIUM 
FOR THE DETECTION OF TONSILLAR CARRIERS 

OF S .  SUI S  TYPE 2 U S ING I . F . A . T . 

I . F . A . T .  RESULT 
Blood Agar Edwards Medium 

NUMBER OF 
P I G S  

+ + 

+ 

+ 

Total  Number of Pigs 

+ All pigs in group were posi t ive to  test 
All pigs in group were negat ive to  test 

TABLE 3 . 1 5 

3 8  

3 

1 7  

1 6  

7 4  

COMPARI SON OF 5%  SHEEP BLOOD AGAR WITH EDWARDS MEDIUM 
FOR THE DETECTION OF TONSILLAR CARRI ERS 

OF S .  SUI S  TYPE 1 U SING I . F . A. T .  

I . F . A . T .  RESULT 
Blood Agar Edwards Medium 

+ + 

+ 

+ 

Tot a l  Number o f  Pigs 

+ All pigs in group were posit ive to test  
All pigs in group were negative t o  test  

NUMBER 
P I GS 

2 9  

5 

1 2  

2 8  

7 4  

OF 
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swabs grown on Edwards ' medium were posit ive on an I . F . A . T . c ompared 

wit h  only 46%  ( 3 4 / 74 ) when the same swabs were grown on sheep  blood 

aga r .  This dif ference was not significant ( p ) 0 . 2 ) .  An I . F . A . T .  on 

the growth from swabs plated onto sheep blood agar f a i led to d e t e c t  

1 6 %  ( 1 2 / 7 4 )  of  pigs  tha t  were identi fied as infec t ed wit h  S .  s u i s  

type 1 by a n  I . F . A . T .  performed o n  bac terial growth from Edwards ' 

Medium . However only 7% ( 5 / 7 4 )  of  samples were negative on Edward s ' 

Medium and yet posit ive on the sheep blood agar ( Table  3 . 1 5 ) .  

In  summary , S .  suis type 2 was detec t ed in 7 6 %  and 60%  o f  

tonsillar and nasal  swabs re spec tively , when a n  I . F . A . T .  was u s ed on 

the primary bacterial  growt h .  When cultural , biochemic a l  and 

pre c ipitin  t e s t s  were used , only 1 5% and 3 %  of tonsillar and nas a l  

swabs were posit ive f or S .  s u i s  t ype 2 .  Similarly for S .  sui s  t ype 1 ,  

6 2 %  and 48% of tonsillar and nasal  swabs were posit ive when t he 

I . F . A . T . was used on the primary bac terial  growth , c ompared wit h  only 

1 2 %  and 2 %  when c u l tural , biochemical and precipit in t e sts  were u sed . 

DI SCUSSION 

As indicated in the introduc t ion to this thesis a maj or f a c e t  of  

any epidemiolog i c a l  investigation i s  determining the strength of  

po s s ible causal  associat ions . This obviously r equires  c ertain  

biometric techniques  which express  the probability of  any associat ion 

not being purely a matt er of chance . O f t en differenc e s  betwee n  groups 

are considered to be signific ant only when t here is more than a 9 5 %  

probability that t hey have not occurred by chance . Thus probabil i t y  

va lues ( p )  greater t han 0 . 05 a r e  seldom quoted . However t h e  grea t er 

the p value , the greater the probability  that there i s  no a ssoc iat ion 

between the hypot he t ical  cau s e s  and e f f ec t s . Evidence of a lack of  

d i f f erence is  o f t en as important a s  evidence of  a significa nt 

d i f ference when a t tempting to  unravel an epidemiological  problem . Thus 

in  this · and later c hapters p values are recorded irrespec t ive of their 

magnitude , wit h  values greater t han 0 . 5  being highly non-signi f i c a nt . 

The dilution of  ant iserum and conj ugate with PBS t o  l in  80 and l 

i n  40 respec t ively , allowed for bot h  the development o f  a highly 

specific I . F . A . T .  and the economical u s e  of reagent s . Ident i f ic a t ion 

of  colonies  of  S .  suis t akes at  least t hree days when using c ultural ,  
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biochemica l  and prec ipit in test s , whilst  a posit ive diagno s i s  can  be 

achi eved wit hi n  one day with  the use of the immunof luoresc ent 

technique described her e . The work reported here shows that t he 

I . F . A . T .  is  a rapid and more accurate t e s t  f or the detec t ion of  pigs 

infected with S .  suis than convent ional cultural t echniqu e s . The 

I . F . A . T .  when applied to primary culture s , increased the d e t e c t ion 

rate of inf e c t ed pigs both from post mortem tonsil lar swabs and 

ante · mortem nas a l  swabs , when compared with tradit ional cultural  

met hods . 

Previous worker s have shown that S .  suis  can be isolated f rom t he 

palatine tons i l s  and it  would appear that this t i s sue i s  a c arrier 

site  for S .  suis  ( Wi lliams et  a l ,  1 97 3 ;  C l i fton-Hadley and Alexander , 

1 980 ) . Although S .  suis types 1 and 2 were detected f rom na sal  swabs 

in the present work , it c annot be inferred that the nasal chambers are 

either carrier s i t e s  or act ively infec t ed with S .  suis . I t  would 

appear likely t hat S .  suis i s  passively shed from the tons i l  into t he 

nose . Thu s , i f  S .  sui s is  detec t ed in nasal swabs , it  is  assumed t hat 

t he palat ine t onsils  are infect ed . This d i f f erent iation betwe en mer e ly 

the presence  o f  an  organism in a ti ssue or organ and ac t ive infect ion 

( t issue invasion and mult iplicat ion ) is  important and wi l l  be 

discussed further in other chapt ers . 

Although t he I . F . A . T . requires an  ext ra step compared with  a 

direct f luor e s cent ant ibody test , i t  ha s the advantages o f  using 

commercially available reagent s and is  more sensitive than t he direct  

F . A . T . ( Cherry e t  al ,  1 9 6 6 ; Kawamura , 1 96 9 ) .  A disadvant age  o f  the  

I . F . A . T .  can be a lowered spec ificity  caused by staining of  ant ibody 

that failed to uni t e  with ant igen not removed during washing . In the 

present experiment , there were no false  react ions wit h  other bac t erial  

spec ies so i t  was  assumed that any excess  ant ibody was removed by t he 

washing and r i nsing procedures . I f  the assumpt ion t hat 1 0 0 %  o f  pigs 

are infected with  S .  suis 

animals and c onsequent ly 

reac tions . 

i s  correc t , there would be no non-infe c t ed 

there could not be any f a l s e  pos i t ive 

To det ermine the accuracy of  any test , the resu l t s mus t  be 

compared to a "bench mark" which is a ssumed to be a mor e  accurate  

test . For  instanc e ,  resu l t s  from intradermal tuberculin t e s t s  are  

compared with  findings post  mor t em and c u ltural examinat ions . However 
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these latt er techniques  are not absolut e .  Many endemic bac terial  

infections of animals  ( especial ly those with a short prepat ent period 

followed by a long period of  shedding ) appear to  occur at  a preva lence 

rate c lose to  1 00% . For instance , most pigs are infect e d  with 

Mycoplasma hyopneumoniae ( Swit zer and Ross , 1 9 7 5 ) and a l l  

conventionally housed laboratory mice  and rats are infect e d  with 

Pasteurella pneumo t ropica ( C a s i llo and Blackmore , 1 9 72 ) .  I nf e c t ion of  

pigs with S .  suis a l s o  fits  into  this c a tegory , as  they have a 

recorded prepat ent period of  only five days and a long durat ion o f  

infect ion of greater  t han 500 days (Clifton-Hadley et al , l 98 4b ) . I f  

an infection appear s t o  be one that i s  like ly to occur a t  preva lence 

rates approaching 1 00% , then the t e s t s  designed to  detect such an  

infect ion do  not  have to  be compared with  other t echniques . In  such 

circumstances all t e s t  negat ives  can be assumed to be false negatives 

and the subsequent c alculation of  the sensit ivity of the test  can  not  

be  an overes t ima t e . However the spec ificity of  the test  c a nnot be 

calculated from the r e su l t s  obt ained , as  i f  there is  a 1 00%  prevalence 

there will  be no "non-diseased " animals  and there fore no f a l s e  

positives . In  such  c ircumstances  

calculated by  laboratory t e s t s  

the specificity c a n  only be 

involving different but known 

organisms , a s  were performed in this investigat ion . In the pre sent 

studies , no cross  reac t ions occurred with  other bac t eria . 

I f  we as sume that S .  suis  has a generat ion t ime of 40 minu t e s , 

after 1 8  hours of  inc ubation one organism wi l l  have become a c olony of 

more than 108 organisms . There fore only one colony has t o  be inc luded 

on a swab of the bac t erial growth to  provide ample bac t eria t o  produce 

a posit ive result  from the I . F . A . T . This was evident in this 

invest igation , where numerous f luoresc ing streptococci were pre sent in 

smears from the bac t erial growth of posit ive swabs . When a swab was 

taken of the heavy bac terial  growth , approximate ly 1 0% of the growth 

was sampled . If it  is  assumed colonies of S .  sui s  are randomly 

distribut ed through the bact erial  growt h ,  to pick up one colony on t he 

swab at  least t en mu st  be present on the plate . As each colony s t a r t ed 

from one viable organism , at  least ten viable organi sms must  be 

collected by the initial  swab of  the nose  or tonsil . I f  the number of  

organisms ini t ia l l y  present i s  less than ten , the  probabi l i t y  of 

detect ing a colony is  lower and the sensitivity of the t e s t  is 

decreased . I f  there are mor e  than t en organisms present in a nas a l  or 

tonsillar swab , then there is  a very high probability  of  d e t e c t ing 
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organisms by fluorescent staining . In the pre sent work , i t  was shown 

t hat by increasing the number of swabs t aken f rom the same t onsil mor e  

positive tonsils wer e  d etected than  i f  only one swab was examined . 

Similarly if  more swabs had been t aken from each culture pla t e , i t  

might b e  expected t ha t  t he number of pigs ident ified as  pos i t ive wou ld 

increase . Therefore , t he sensi tivity of the I . F . A . T . i s  dependant o n  

t h e  number of viable organisms of  S .  suis present o n  the init ial swab . 

Assuming that both  S .  sui s  types l a nd 2 are pre sent in  a lOO% of  the 

palatine tonsils , the f ewer t onsil s  detected as being inf e c t ed wit h  

S .  suis type l ( sens i t ivity)  is probably associated with  the presence 

o f  fewer organisms rathe r  than a lower prevalenc e of infec tion . 

In the prese nt i nvestigation , the I . F . A . T .  was more sensit ive 

when performed on the growth from t onsillar swabs than  on the growth 

f rom nasal swabs . However , t he sensitivity of the I . F . A . T . f or 

detect ing S .  suis within the nose  may be a s  high as that for detect ing 

t hem in the palat ine t onsils . If only intermi t t ent shedding of  S .  suis 

occurs from the t onsils  to the nose , then not all pigs wil l  have 

S .  suis present within their noses  at one particular t ime . This may 

account for the lower r a t e  of detec t ion from nasal swabs when compared 

with tonsillar swabs . Therefor e , an I . F . A . T .  performed on the growth 

from nasal swabs , a l t hough of lower sensitivity for detect ing inf e c t ed 

animals  than an I . F . A . T .  on the growth from tonsi l lar swabs , is  

probably as sensit ive for  actually detect ing the presence of S .  sui s . 

A serious disadvant age o f  the c onventional cu ltura l , biochemi c a l  

and prec ipitin i so lat ion techniques i s  the dif f iculty  in detec t ing 

c olonies of S.  suis in the pre sence of  a heavy growth  of other 

bacteria present in  the tons i l  or nasal cavi t y .  Swarming organi sms , 

such as  Proteus spp . and other rapidly growing bac terial  coloni e s , 

frequent ly interfered with the isolation of  S .  suis types l and 2 by 

the t radit ional microbiological t echniques  and consequent ly lowered 

the tests ' sensitivi t y . C l i f ton-Hadley e t  a l  ( 1 98 5 )  r ecorded that the 

direct f luoresc ent ant ibody t e s t , developed by Hunt and Edwards 

( 1 982 ) ,  was unsui t able for use on mixed populat ions of  bac teria 

because of non-spec i f i c  reac t ions with other bac t eria , however t hey 

of fered no evidence to substant iate t his a s sert ion . In  the present 

invest igat ion,  the I . F . A . T . was shown to be highly spec ific and other 

bacterial spec ies found in the tonsil appeared not t o  int erfere with 

the test . Clifton-Hadley et  al  ( 1 984b)  found that swabs from porc i ne 
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t onsils yielded mixed cu ltures o f  streptococ c i . They found that the 

a ppearance of colonie s  of  S .  suis type 2 varied and the haemo lytic  

zones of  other streptococci  often  masked colonies of  S .  sui s  type 2 .  

Many of these other streptococc i  were similar in  appearanc e  to  S .  suis  

t ype 2 and yet  serologic a l ly distinct . When cultura l  techniques wer e  

u sed , further subculturing and biochemical  t e s t s  had to  b e  done t o  

identify the colonies . I n  the present inves t i gation , it  was found that 

swabs t aken from areas of  heavy bac terial growth frequent ly showed 

positive f luorescenc e  after  staining with the I . F . A . T . , whil s t  no 

S .  suis were demonstrated in c u l tures from these s amples . The higher 

sensit ivity of  the I . F . A . T .  was one of  the maj or advant ages of  this 

t est and provided a valuable t ool  for inve stigat ing the epidemi ology 

o f  infect ion with S .  sui s . 

Pavlova et  a l  ( 1 9 7 2 ) and Pugsley and Evison ( 1 9 7 4 ) rec orded 

false positive reac t ions to Staphylococcus  aureus , when an  I . F . A . T .  

was per formed using their group D streptococc a l  ant i s erum . These  f a l s e  

posit ives were removed b y  pre -treatment o f  bac terial smears with 0 . 1 % 

t rypsin . In  the present invest igation,  no cross reac t ivity occurred 

when group R or S ant iserum was tested against o t her bac t eria . The 

t echnique of fixing t he smear in acetone pr ior to staining may also  

act  in  the same way a s  t rypsin ,  alt ering the cells  t o  a l low adherenc e 

of  the ant i serum t o  the spec ific binding sit e . I n  the pre sent 

investigatio n ,  the addit ion of  the 0 . 1 % t rypsin appeared to  s l i ght ly  

enhance the int ensity o f  st aining and was routinely used  on smears  

prior to  staining . 

As discussed earlie r , the determinat ion o f  the accuracy of  a t e s t  

usually involves t h e  comparison of one t est  wit h  another . I n  t he 

present c ircumstances where a 100%  preva lence is  a ssumed , this i s  not 

necessary . In this s i tuation , the sensit ivity can be accur a t e ly 

calculated by determining the proport ion o f  samples that are pos i t ive 

to  the t est . Table 3 . 1 6 records the number of  pigs that have t o  be 

sampled by either nasal or t onsi l lar swabbing to  be 95% confident that 

infect ion is  present or absent in a herd . The I . F . A . T .  was mor e  than 

five t imes more sensit ive for detect ing S .  suis from tonsil lar swabs 

and over twenty t imes more sensitive for nasal swabs than wer e  t he 

tradit ional mic robiological t echniques .  Due t o  the high sens i t ivity  of  

the I . F . A . T .  on  primary cultur e , only four and t hree  pigs have t o  be 

sampled to have a 9 5 %  chance of detect ing infec t ion in t he palat ine 
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TABLE 3 . 1 6 

THE NUMBER OF P I G S  TO SAMPLE TO BE 95% CONFIDENT �F DETECTING 
THE PRESENCE OF INFECTION WITH S .  SUI S  

TONSILLAR SWABS 

I . F . A . T .  on 
Primary Culture 

Direct 
I . F . A . T .  

Tradit ional 
Microbiological 
Techniques 

NASAL SWABS 

I . F . A . T .  on 
Primary Culture 

Tradit ional 
Microbiologic al 
Techniques 

S .  SUI S  TYPE 1 

SENSITIVITY NUMBER OF 
OF TEST ANIMALS TO 

( % )  BE TESTED* 

6 2  4 

4 6  5 

1 2  2 4  

48 5 

2 1 4 9  

S .  SUI S  TYPE 2 

SENSITIVITY 
OF TEST 

( % )  

76  

6 7  

1 5  

60 

3 

NUMBER OF 
ANIMALS TO 
BE TESTED* 

3 

3 

1 9  

4 

9 9  

* - Assumes 1 0 0 %  prevalence of  infec t ion 
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t onsils with S .  sui s  t ypes  1 and 2 respect ively . I f  the t raditional 

t echniques  were used , 24 and 1 9  animals would need to have been 

sampled . Similarly if an I . F . A . T . is  performed on t he primary growth 

o f  nasal swabs , only f ive and f our animals need t o  be sampled t o  

detect  S .  sui s  types 1 and 2 respectively , c ompared wit h  1 4 9  and 9 9  

with  tradit iona l  methods .  The poor sensitivity o f  the t raditiona l 

microbiological techniques account s for the low levels or even the 

apparent absence of  inf e c t ion report ed by other workers . 

Moody e t  a l  ( 1 963 ) increased t he sensit ivity o f  their f luorescent 

antibody test by incubating swabs for two hours in  brot h  prior t o  

s t aining the broth sediment . A similar increase i n  the sensit ivity o f  

the I . F . A . T .  was demonst r a t ed i n  the present study , after  swabs had 

been incuba t ed for 1 8  hour s  on sheep blood agar . Arends et al ( 1 9 8 4 ) 

found that S .  suis type 2 was frequ ently found in small  numbers in t he 

t onsil . The incubation o f  t onsi llar swabs is  therefore likely t o  allow 

t he multiplicat ion o f  the organism t o  a det ectable leve l . Roberts  and 

Sherris ( 1 967 ) demonst r a t ed a blocking antibody t hat coated group A 

streptococci  present in swabs t aken direct ly f rom the oropharynx o f  

humans . This blocking ant ibody int erfered wit h  the f luoresc ent 

staining of  such s t r eptococ c i . This host antibody was i nhibited by 

a l lowing the organisms t o  grow for several hour s  prior to  performing a 

f luoresc ent stain ( Co l e  and Hahn , 1 962 ; Rauch  and Rant z ,  1 96 3 ) . The 

enhanced sensit ivity of performing an I . F . A . T .  on t he bac t erial  growth 

produced af ter a period of  inc ubat ion , may be due to either an  

increase in the  number o f  organi sms or  t o  inhibition o f  ant igen­

ant ibody complexes . 

Arends et al  ( 1 984 ) sec t ioned tonsils  at  a plane parallel  t o  

their buc c a l  surface and t hereby at  right angles t o  the c rypt s .  They 

found t hat most c oloni e s  of  S .  suis t ype 2 were conf ined to the 

crypts .  They believed t hat by t aking a sec t ion that inc luded many 

crypts , they had a greater chanc e  of detecting infection . However ,  in 

this invest igation there was no significant d i f f erenc e  ( p ) 0 . 5 )  

between t he detection  o f  S .  suis f rom t onsi llar swabs when t aken at  a 

plane either parallel  t o  or  at  right angles t o  the t onsillar surf ac e . 

The I . F . A . T .  whe n  per formed on the growth from tonsil lar swabs 

showed greater sens it ivity than  t he I . F . A . T .  on the growth f rom nas a l  

swabs c o l lected from the s ame animal f o r  bot h  S .  suis t ypes 1 and 2 
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( 68% compared with  5 2 %  f o r  S .  suis type 2 and 56%  compared with  3 4% 

for  S .  suis type 1 ) .  The disadvantage with  the I . F . A . T . on growth f rom 

t onsillar swabs , as  described here , is  that samples can only be 

c o l le c t ed post  mortem . However the advantage of nasal swabs is t ha t  

t hey can b e  colle c t ed from live animals i f  adequate r e straint i s  

available . Table 3 . 1 6 shows that only five animals had t o  b e  sampled 

by nasal swabbing t o  be 95% conf ident of  the presence or absenc e o f  

infection in  a herd . 

The u s e  o f  Edwards ' medium , a select ive medium for s trept o c o c c i  

( Carter , 1 9 7 3 ) , a l s o  e nhanced the detection of both  S .  s u i s  types  1 

and 2 compared with sheep blood agar ( 74% compared with 56%  for 

S .  suis t ype 2 and 56% c ompared with 46% for S .  sui s type 1 ) .  Although 

Edwards ' medium did improve the sensit ivity of the I . F . A . T . , t hi s  

advantage was o f f s e t  b y  the inc reased cost  o f  this medium . The 

abundant supply of  blood agar plates in most  routine mic robiological  

laboratories makes t hem the media o f  choice .  In  a l l  but the sma l l e s t  

herds the s light ly lower sensitivity of  the I . F . A . T . o n  the bac terial  

growth from sheep blood agar is acceptable . If  one carrier i s  detected  

in a herd , a prevalenc e approaching 1 00% can  be  assumed in pigs a f t er 

weaning . The I . F . A . T . used for invest igating the epidemiology o f  

S .  suis as described in  t he following chapters , all involved s t aining 

bac t erial growth cultured on  sheep blood agar . 

CONCLUSION S  

1 .  With cultural ,  biochemical  and serological t e s t s  i t  wa s shown that 

both S .  suis types 1 a nd 2 were present in the palat ine tons i l s  of New 

Zealand pigs . 

2 .  Many streptoc oc c i  biochemically similar t o ,  yet serological 

dif ferent from , S .  suis  can be isolated from the palat ine t onsils . 

These organisms may belong t o  other types o f  S .  suis besides S .  suis  

types 1 and 2 .  

3 .  The c apsular polysa ccharide of  S .  suis type 2 i s  inac t ivat ed a t  a 

pH less t han 1 .  
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4 .  An I . F . A . T . was deve loped for S .  sui s  tha t  was easy and quick t o  

perform . This test  showed a 100%  speci f icity o n  i n  vitro t e s t s . 

5 .  The I . F . A . T . , when performed on  tonsillar swabs or the bac t erial 

growth from t onsillar swabs , was more sensitive for detect ing both  

S .  suis  types  1 and 2 t han  tradit ional microbiological  method s . I f  a 

1 00% prevalence is a ssumed , tradit ional microbiologica l  method s · 

detec t ed only 1 5% of pigs infec t ed with  S .  suis type 2 ,  whi l s t  the 

I . F . A . T .  on tonsi llar swabs d e t ec t ed 6 7% of the infe c t ed pigs and t he 

I . F . A . T .  on the primary growth detected 76% . Simi larly for S .  suis 

t ype 1 ,  tradit ional met hods c ould ident ify only 1 2 %  of infec t ed pigs 

whilst  the I . F . A . T . on direct swabs found 46% and the I . F . A . T . on the 

primary bac t erial  growth d e t e c ted 62% . 

6 .  The I . F . A . T .  on growth f rom nasal swabs wa s more sensit ive than  

tradit ional c ultural met hods f rom the  same swabs . Tradit ional methods 

c ould det ec t only 2 %  and 3%  of pigs infected wit h  S .  suis types 1 

and 2 whil s t  the I . F . A . T . on  the primary growth detected 48% and 60% 

�espective ly .  

7 .  The I . F . A . T .  o n  t onsillar swabs i s  more sensit ive than na sal  swabs 

from the same animal , however nasal swabs can be c o l le c t ed from live 

pigs . 

8 .  An I . F . A . T . on the growth from tonsillar swabs on Edwards ' medium 

det ected more infec ted pigs t han the growth on sheep blood agar from 

the same swabs . 

9 .  The I . F . A . T .  is a valuable tool  f or invest igating the epidemiology 

of infec t ion with  S .  suis  in  pigs . 
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C .  ENZYME L INKED IMMUNOSORBENT ASSAY ( EL I SA) 

STANDARDIZATION OF THE ELI SA TEST 

INTRODUCTION 

Severa l  serologica l  t e s t s  have been used to det e c t  type spe c i f ic 

ant ibodies against S .  suis . Agarwal et al  ( 1 9 6 9 ) developed a 

bac t ericidal test  for d e t e c t ing opsonizing ant ibodies t o  S .  suis 

type 1 .  They identified  ant ibody , in adult pigs , to  the capsular 

polysac charide of  S .  sui s type 1 .  This ant ibody was be lieved to be 

I gM .  Sera c o llected from pigs that had been reared in  a "pathogen free  

environment " did not , however , contain this ant ibody . Elliot  e t  al  

( 1 980 ) also used  t he bac t ericidal  test  to  detect opsonizing ant ibodi e s  

against S .  s u i s  type 2 .  However they considered t he t e s t  wa s non­

spe c i f i c , as  sera colle c t ed f rom pigs originating f rom herds believed 

to be free of S .  suis type 2 a lso gave positive result s .  These c r o s s ­

react ions were as sumed t o  b e  from react ions with immunoglobulin 

produced against atypical  stra ins of  S .  suis type 2 or other species  

o f  bac t eria . Based on t he work report ed in the preceding sections , i t  

is  probable that t hese worker s  falsely c lassi fied herds as  f r e e  from 

infect ion with  S .  suis type 2 because of the use o f  a t e s t  wit h  low 

sensit ivity . Thus in reality their serological results  were probably 

spec i f ic . Clifton-Hadley ( 1 984 ) reported that the bac tericidal t e s t  

had t h e  disadvantages o f  being non-quant itative , laborious and t ime 

c onsuming . 

Clifton-Had ley ( 1 984 ) used several serologic a l  t e s t s  t o  

invest igate the circula t ing ant ibodies i n  pigs against S .  suis type 2 .  

She found that a phagocyt ic t est , using purif ied pig neutrophil s , was 

too insensi tive t o  detect  these circulat ing ant ibodies . However ,  this 

t e s t  did demonstrate t ha t  non-capsulated variant s o f  S .  sui s type 2 

were r eadi ly phagocytosed  by neutrophils whilst the capsulated s trains 

were not . Although a mixed reverse passive ant iglobulin 

haemagglutinat ion test  ( M . R . P . A . H . ) measured the amount of  spe c i f ic 

ant ibody binding to  S .  suis  type 2 ,  it lacked spec ific i t y . This lack 

o f  specificity  was believed t o  be  c aused by the use  o f  whole  organi sms 

of S .  suis type 2 whic h  possessed both group spec i f i c  as  well  as type 

speci f ic ant igens . Clifton-Hadley ( 1 984 ) proposed that the spec i f ic i t y  
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would be improved if  type spe c i f ic capsular polysacc haride was u sed as 

t he antigen . An i ndirect haemagglutina t ion test , that utilized sheep 

red blood cells  linked to the t ype spec i f ic polysaccharide f or S .  suis 

type 2 ,  was also used by C li f ton-Hadley ( 1 984 ) for measuring 

ant ibodies  t o  S .  suis type 2 .  This t e s t  was simple t o  perf orm , semi­

quant itative and allowed many s amples to be tested simultaneously , 

however false positive result s were again recorded from sera collected 

from pigs believed t o  be f ree  o f  infec t ion with S .  suis type 2 .  

The ELI SA originally devis ed by Engvall and Perlmann ( 1 97 1 )  has 

become an important tool for  t he detection o f  both antigens and 

antibodies ( Elder et  a l ,  1 982 ) .  The ELI SA can provide a cheap ,  rapid 

and simple method for detect ing ant ibody within the serum ( Voller 

et  al , 1 976 ; 1 980 ; Bolton e t  a l , 1 982 ) .  Adaptat ions o f  t he EL I SA have 

been employed in the serodiagnosis  of a wide range of infect ious 

diseases inc luding bacteri a l , mycot ic , parasitic and viral infections 

(Voller et al , 1 980 ) .  

Clif ton-Hadley et a l  ( 1 984b ) developed an ELI SA which of fered the 

advantages of  speed , the c apac i ty for proc essing large numbers of  

serum s amples and was  quant it ative . However , like other serological 

test s , t he test was reported t o  lack bot h  sensitivi ty and spec i f ic ity . 

This lack of  spec i f icity may have again arisen from the use  o f  pig 

sera from herds  believed to be free from S .  suis type 2 ,  which in fact  

were infected . 

The ELI SA described here was u sed to inve st igate  antibodies 

against S.  suis types 1 a nd 2 in sera f rom pigs and ant ibodies to 

S .  suis type 2 in t he sera from humans . The ELI SA was used t o  follow 

level s  of  antibodies  t hroughout the pig ' s  life and t o  determine if  

certain human occupational groups had higher titres  than others . 

MATERIALS AND METHODS 

Antigens 

Based on the work of Rot e  et  al  ( 1 980 ) ,  Elder et al  ( 1 982 ) and 

Logan et  al  ( 1 982 ) ,  whole  i nactivat ed c e l l s  of S .  suis were u s ed as 

antigen for coat ing the ELI SA pla t e s . These workers found that whole 
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s t re ptococcal cells we re supe r i or to the s t reptococcal carbohyd rate 

polysaccharide  i n  micro-ELI SA t e s t s .  

Cul tures o f  s .  sui s types 1 and 2 were g rown f o r  1 8  hours a t  37°C 

i n  5 0  m l  o f  Todd- Hewi t t  b r o t h .  By m a k i. ng s e r i a l  d i lu t i on s  i n  

phy s i o logical saline and by the culturing o f  known vo lumes on blood 

agar , the number of s. sui s per ml of  broth was d e t e rm ined . The broth 

wa s c en t r i f ug e d  f o r  3 0  m i nu t e s at 2 0 00 rpm and the superna tant 

d i scarded . The sedi.men t was then suspended i n  1 5  ml  of a 0 . 3 %  solution 

of  f o rmal i n  d i luted in phy s i o logi.cal saline and i ncuba ted for 3 6  hours 

at 3 7°C.  Thi s  produced a f o rmal i n  inact iva t ed preparation s imi lar to 

that used for the produc t i on of groupi ng anti s e ra for s t rept ococci 

( Lancefi e ld ,  1 9 38 ) .  Thi s  prepa r a t i on was cent rifuged for  30 minutes  at  

20 0 0  rpm and washed three t imes with  PB S .  The resi due was mad e up  to  

t he  ini t ial  volume of broth ( 50 ml)  i n  0 .  0 5  M ca rbona te-bi ca rbona te 

b u f f e r  ( A p p e nd i x I I I ) .  The ant igen was d i vided i n t o  a l i quo t s  and 

s to red a t  e i t her 4°C , i f  i t  was to be used wi thin  two weeks , or at  

- 20 °C  f o r  long term s torage. 

ELI SA Technique 

A n t i g e n  was d i l u t e d  i n  ammoni um a c e t a t e / c a rbona t e  buf f e r  

( A ppendix I I I )  and 1 00�1 quan t i ti e s added t o  the we l l s  o f  polys ty rene 

m i c r o plates l . The di lut i on of ant igen was determined by a cheque r 

board t i t ra t i on techni que as  des cri bed later.  Two we l l s  had 100� 1 of 

pho s ph a t e  buf f e re d  s a l i ne-Tween ( PB S-Tween) ( Append i x  I I I )  added 

ins tead of the antigen , to ac t as contro l  well s .  P l a t e s  we re i ncuba ted 

ove rnight at 37°C to a llow for the evaporation of  the l i qu i d  and the 

adherence of the ant igen t o  the pla t e .  Following i ncuba t i on pla tes  

were  r i n s e d  and  wa shed with  PBS-Tween. Ini t i a l ly the  plates  were 

f i lled and then empti ed by i nversion and vigorous shaking. A series  o f  

three washes were then performed , using a semi automa t i c  washer2 , wi th 

we l l s  being f i l led wi th 250 rl of PB S-Tween and emp t i ed by suct i on. 

When the plates we re f i lled a thi rd t ime they were left t o  s t and for 

three  minutes  and were then emptied by rapid inve r s i on , shaken dry and 

the process re peated twic e  more . 

1 NUNC - Immuno P lat e 1 ,  Ca t .  no .  23454 , Inte rmed , 
Denmark 

2 Mi niwash Washer As pirator.  Dyna tech , Vi rginia , 
u . s. A .  
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Sera were seria lly diluted in PBS-Tween c ontaining 1 %  bovine 

serum a lbumin 1 8  ( PBS-Tween-BSA) ( Appendix I I I ) and l O O� l a liqu ot s  

added t o  microplat e wells  except  for the two control  wel l s  which had 

the same volume of PBS-Tween-BSA added . I nitially e ight doubling 

dilut ions o f  sera were used ( l  in 50 t o  l in 6400 ) ,  however t o  a llow 

more sera t o  be tested per plate thi s was reduced t o  f our d i lu t i ons 

( l  in 50 to l in 400 ) .  The pla t e s  were covered and incubated at  3 7°C 

for o ne hour . 

The plates were emptied and t he wash  procedure repeat ed a s  

described above . The enzyme labelled antiglobulin  conjugate ( sheep 

derived anti-pig I gA ,  IgG , IgM whole molecule peroxidase conjuga t e 1 9  

or goat derived anti-human I gA , I gG and IgM immunoglobu lin peroxidase 

conjugat e20 ) was diluted in PBS-Tween-BSA and lOO � l added t o  all  

wells  exce pt for t he control  wells  which had PBS-Tween-BSA added . The 

opt imum dilution of conjugate u sed wa s det ermined by a chequer board 

titration technique . Plates  were again covered and incubated for o ne 

hour at 3 7°C .  

The plates were emptied a nd the wash proc edure repeated . After 

washing , 1 00�1 o f  citric -phospha t e  buf fer ( Appendix I I I ) was added to  

all wells  and plates  were left  t o  s t and for three minu t e s . Aft er 

emptying the buf fer , lOO fA l o f  substrate  solution ( Appendix I I I ) was 

added to all wells , and the pla t e s  were incubated in the dark for 30 

minu t e s  at  room temperature . The colourless  substrate  changed to an  

orange colour in the  presence o f  peroxidase enzyme . The  reac tion  wa s 

stopped by the addit ion o f  1 0 0�1 of  a l M solution o f  sulphuric acid 

and the absorbance measured u sing a micro-ELISA auto  reader2 1 . The 

reader passed two beams of light t hrough each wel l ;  t he first  was at 

the peak absorbance wavelength of the substrat e  react ion product 

( 486  nm) and the second at  a wavelength ( 6 2 0  nm ) at  which the 

substrate  product  showed no absorbanc e . The d i f f erence betwe e n  the 

absorbanc e for the substrate  product  and the non-spec i f ic background 

1 8  Immunochemica l  Product  Limited , Auckland , New 
Zealand 

1 9  Eivai bios laboratories ,  Horsham , Wes t  Sus s ex , 
England 

2° Cappel Laboratories I nc . ,  Cochranville P . A .  U . S . A .  

2 1  SLT 2 1 0 ,  SLT Labinstruments Ges . m . b . h .  Grodig 
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absorbance was automat ically calculated t o  provide an accurate measure 

of  the absorbance of  the react ion product .  The ELI SA reader also  

automat ically read  the  absorbance o f  control we lls , determi ned t he 

mean absorbance o f  t hese  two wells  and subtracted this  value from the 

absorbance values o f  all  the other wells . 

Titration of serum a nd c onjugate 

Before the ELI SA could be u s ed efficiently t he test  had t o  be 

standardized . Chequer board titrations were performed t o  determine the 

opt imum c oncentrations of serum , conjugate and ant igen for  both the 

pig and human t e s t s  ( Voller et  a l , 1 97 6 ) .  

1 .  ELI SA for pig sera 

The antigen o f  S .  suis was used a t  a dilution o f  1 / 1 6 for  the 

serum/conjugate t itration . Four dilut ions of conjugate  ( 1 / 1 000 , 

1 /2 000 , 1 / 4000 and 1 / 8000 ) and seven doubling dilu t ions o f  sow s erum 

from 1 / 50 to 1 / 3200  were t itrated against the bac terial  antigens . 

Control  wel l s  wit hout s erum or wit hout ant igen were a l s o  i nc luded f or 

all the conj ugate  dilut ions . 

2 .  ELI SA for human sera 

The ant igen of  S .  suis type 2 was diluted to 1 / 32  for the chequer 

board t itrat ions . The c onjugate and human serum were used  at  the same 

dilutions a s  for t he ELI SA on pig sera . The sera f rom humans was 

obtained from frozen sera c ollec t ed for work carried out by Blackmor e  

and Schollum ( 1 982c ) .  The s erum selec ted f o r  the t it ra t ions originated 

from a pig farmer . This serum had been shown t o  produce a strong EL I SA 

reading in an initial  trial t o  determine if  the ELI SA wou ld work 

satisfactor i ly with human sera . 

Determination o f  optimum antigen concentration 

Six doubling dilutions ( 1 / 8  to 1 / 2 56 )  of the ant igen of bot h  

S .  suis  types 1 and 2 were titrated against four dilut ions ( 1 / 5 0 , 

1 / 1 00 , 1 / 200  and 1 /400 )  o f  sow serum . These same d i lu t ions wer e  

maintained f o r  t h e  t itrat ions a gainst human sera . Control wel l s  
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lacking antigen or serum wer e  also  inc luded . The conjugate  dilut ion 

was maintained at 1 / 2000 in bot h  o f  t hese test s . 

RESULTS 

S tandardization of Serum a nd Conj ugate 

The r e su l t s  f rom the t itrat ion o f  pig serum against c onj ugate are 

shown for  S .  suis types 1 and 2 i n  Figures 3 . 3  and 3 . 4 r espec t ively . 

F igure 3 . 5  s hows the t itration o f  human serum against  c on j ugate  f or 

S .  suis  type 2 .  I n  all  three  tests  there were weak non-spec i f ic 

reactions a t  t he higher c oncentrations of sera and conj uga t e . Thi s was 

indicated by a s light rise  in t he absorbance level s  o f  wel l s  

containing n o  ant igen when t h e  concentration of serum or  conjugate 

increased . Wel ls wit hout serum had only minimal absorbance readings . 

A dilut ion  of  conj ugate o f  1 / 1 000  produced the highes t  absorbance 

readings f or both S .  suis types 1 and 2 with pig serum as well  as f or 

S .  suis type 2 wit h  human s erum . However , this same dilution also  

resulted in higher readings o f  we l l s  containing no  ant igen ( higher 

non-spe c i f ic r eadings ) .  A dilu t ion o f  l / 2000 reduced bot h  t he overall  

absorbance a nd the non-spec i f ic readings . Weaker dilut ions of  

conjugat e ,  a lthough reducing the non-spec ific reading s , had lower 

absorbance values . 

Determination of Optimum Ant igen  Concentration 

The results  of the experiment t itrat ing pig serum against ant igen 

for S .  suis  types l and 2 are shown in Figures 3 . 6 and 3 . 7  

r espec t ively . At a n  antigen dilut ion of  1 / 8 ,  high absorbance readings 

were recorded which were c lose  to t he upper limit o f  the apparat u s . A 

dilution of 1 / 1 6 produced a good range of absorbance readings a t  the 

dilutions o f  serum used . Weaker dilut ions of ant igen produced a 

smaller range o f  low absorbance readings . Figure 3 . 8  shows the 

t itration of human serum against the ant igen of S .  suis t ype 2 .  

Dilut ion o f  antigen t o  1 / 1 6 a l so produced absorbance reading s  c lose  t o  

the maximum leve l s  detec table by the reader . A d ilut ion of 1 / 3 2  

produced a good range o f  absorbance readings with mor e  d i l u t e  ant igen  

producing a smaller range of weaker readings . 
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F IGURE 3 . 3  

COt1PARISON O F  ELI SA READINGS AT DIFFERENT DilUTIONS OF P I G  SERA AND 
CONJUGATE AGAINST ANTIGEN OF S. SUIS TYPE 1 
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FIGURE 3 . 4  

COf1PARISON OF ELISA READINGS AT DI FFERENT DILUTIONS OF P I G  SERA AND 
CONJUGATE AGAINST ANTIGEN OF S .  SUIS TYPE 2 
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FIGURE 3 . 5 

COf1PARISON OF ELISA READINGS AT DI FFERENT DILUTIONS OF HUf-11\N SERA AND 
CONJUGATE AGAINST ANTIGEN OF S .  SUIS TYPE 2 
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FIGURE 3 . 6  

COMPARISON OF ELISA ACTIVITIES AT DIFFERENT BACTERIAL ANTIGEN 
(S .  SUIS TYPE 1) CONCENTRATIONS AGAINST DIFFERENT 
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FIGURE 3 . 7  

COMPARISON OF ELISA ACTIVITIES AT DI FFERENT BACTERIAL ANTIGEN 
(S .  SUIS  TYPE 2) CONCENTRATI ONS AGAINST DIFFERENT 
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FIGURE 3 . 8  

COHPARISON OF ELISA ACTIVITIES AT DIFFERENT BACTERIAL ANTIGEN 
(S .  SUI S  TYPE 2) CONCENTRATIONS AGAINST DIFFERENT 
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D I SCUSSION 

The ELI SA developed her e  detected ant ibody against S .  suis  in  t he 

sera of both humans and pigs . This t e st detected the t o t a l  amount of  

immunoglobulin present ( IgA , I gM and I g G )  and did  not d i f f erent iate  

between ant ibody o f  different c lasses . As  the Micro-ELI SA reader will 

not accurate ly read wells with absorbanc e levels greater t han two , a 

c onj ugat e dilut ion of  1 / 2 000 was selec t ed for both the ELI SA for pig 

and human sera . This dilut ion of  conj ugate also reduced t he non­

specific reactions . An ant igen dilution of 1 / 1 6 and 1 / 32  were s e l ec t ed 

f or the ELI SA for  pig and human sera respect ively . The se  dilut ions 

produced absorbance values within the range detect ed by the ELI SA 

r eader , reduced non-specific  reac t ions and allowed economic u s e  of  

ant igen . Most  of  the non-speci fic or background readings origina t ed 

f rom the binding of  ant ibody t o  the ELI SA plate rather t han  f rom the 

ant igen or conj ugat e ,  as wells  tested without serum produced only 

minimal absorbance .  

In  preliminary work 

u sed , however t hi s  did not 

t hose obtained when the 

a carbona t e -bicarbonate c oat ing buf fe r  was 

produce absorbance  readings as high as 

volatile ammonium acetate -carbonat e  buf f er 

d eveloped by Douglas et al  ( 1 984 ) was u sed . Clifton-Hadley e t  a l  

( 1 984b ) recorded low absorbance leve ls  in their EL I SA f o r  d e t e c t ing 

ant ibodies against S .  suis type 2 .  These  low readings cou ld have been 

associated with the use of  carbonat e -bicarbonate  buf f er . In the 

present test  the t it ration of  ant igen against serum and c onjugate  

against serum ensured that dilutions of  antigen and conj ugate  were 

select ed which r e sulted in high absorbance readings without large non­

specific react ions . 

The speci f ic ity  of the ELI SA cou ld not be determined accur a t e ly 

without the u s e  o f  serum known t o  be free f rom ant ibodies t o  S .  sui s . 

As discussed earlier , the long duration and rapid spread o f  infec t ion 

would ensure all New Zealand pig herds were infected with S .  sui s . The 

early age of infec t ion makes i t  almost impossible to  c ollect  sera from 

pigs not infe c t ed with S .  sui s . Sera colle c t ed from newly born pigl e t s  

i s  unsuitable f o r  u s e  as  negative sera as  these piglets  have not been 

exposed to  the organisms whic h  may also be c ausing f a l s e  pos i t ive 

reactions . In t hi s  investigat ion "no antigen" and " no serum" c ontrol 

wells were used in  an attempt to minimize this disadvantage . I t  i s  
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possible that ant ibody produc ed as a result o f  infec tion with S .  sui s , 

may a lso be e f f e c t ive against other streptoc occi  or bacterial spec i e s  

and similarly ant ibody produced a s  a result of infect ion with other 

bact eria may also reac t with antigens of  S .  sui s .  As this t e s t  u sed 

whole  bacterial c e l l s , the possibility of non-specific reac t ions 

c annot be ignored . Work described later in t his thesis  support s  the 

belief that the t est  was indeed specific . 

The ELI SA was developed as a tool to investigate the s era­

epidemiology of  S .  suis . This test  was designed to compare t he 

ant ibody levels between groups of pigs or humans and not to  

speci fically quant i f y  the level of  antibody in one person or anima l . 

ELI SA of fers the advantages of  being relat ively simple to per form , a 

number of sera can  be t e s t ed on t he one microplate and the 

quant itative resu l t s  can be compared . 
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CHAPTER IV 

SURVIVAL OF STREPTOCOCCUS SUIS  

INTRODUCTION 

The work reported in this c hapter is divided into three par t s :  

A .  the frequency of  isolat ion of  S .  suis from 

d i f ferent sites  wit hin a piggery 

B .  the durat ion of  survival of  S .  suis in  naturally 

inf ec t ed palat i ne t onsils 

C .  the survival of  S .  suis in t he laboratory when 

mainta i ned under dif f erent c ondi t ions . 

A .  SURVIVAL OF S .  SUI S  IN THE ENVIRONMENT 

INTRODUCTION 

I n  the maj ority of  species  of  animals inc luding man ,  

streptococcal  inf e c t ions are acquired by direc t transmi s s ion from 

infected to non-infected animals  as  occurs with scarlet f ever in 

humans and strangles  in hor s e s . However transmi ssion from a 

contaminated environment can occur . A c lassic example i s  that of 

streptococ c i  a s soc i a t ed with bovine mas t it is , spread by means of  

milking machines and other f a c t ors as soc iated with  poor milking-shed 

hygiene ( Blood et a l , 1 97 9 ) . Other rou t e s  of transmi ssion inc luding 

inhalation of airborne droplet nuc lei , ingestion of food contamina t ed 

with  streptococc i , or  cont a c t  with  c ontaminat ed fomi t e s  can  a lso 

produce outbreaks of  streptococcal disease ( Deibel , 1 97 7 ; Quinn , 

1 9 7 7 ) .  Streptococ c i  are relat ively resistant to environmenta l  factors  

and can  survive in  a room f or periods of  one t o  two months ( Heard , 

1 984 ) .  Although healthy carrier animal s  wou ld appear t o  be t he main 

means for spread and maint enanc e of  S .  suis in  a piggery , S .  suis 

type 2 has been isolated from the environment of  a piggery ( Cl i f t on­

Hadley and Alexander , 1 983 ) . 
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The aim of this section was to investigate i f  S .  suis c ould  be 

detec t ed in the environment of t he piggery and if so the frequency and 

variability of detec t io n  in dif f erent areas o f  t he piggery . 

MATERIAL S  AND METHODS 

Environmental  Swabs 

Swabs were t aken of  the slats and from the solid f loor s in the 

farrowing , weaning , growing , f a t tening and dry sow accommodation areas 

of one herd ( Herd l in  Chapter V ) .  Dus t  samples were c o l le c t ed f rom 

areas not accessible to the pig s , inc luding light shad e s , heater s ,  pen 

walls  and the feed shed . Swabs of the feed , water , f eed troughs and 

eff luent were also c o llected . 

Flies from the f ar rowing and weaning shed were c aptured alive  and 

the bodies crushed and ground up . Swabs were taken of the c ru shed 

flies . All swabs wer e  plated onto sheep blood agar . An I . F . A . T . was 

perf ormed on the resultant growth as  desc ribed in Chapter I l l . 

RESULTS 

Table 4 . 1  records the detection of S .  sui s  types l and 2 f rom t he 

environment of the piggery . Streptococcus suis was detected in  a l l  

sec t ions o f  the piggery with the highes t  perc entage o f  posit ive swabs 

for both S .  suis type s l and 2 from the weaning house . No S .  sui s  was 

isolated from the water samples  or from 44 dust s amples c o l le c t ed 

throughout the piggery . Both S .  suis types l and 2 were detec t ed in  

swabs of the feed troughs sampled from a l l  sec t ions of the piggery . 

Streptococcus suis was not detected in 25 swabs taken from one room of 

the weaning house which had been hosed and cleaned out and d e s t o c ked 

for two weeks . The growth from 24 swabs of e f fluent were all negat ive 

on the l . F . A. T .  for both S .  suis types l and 2 .  

The bacterial  growth from only one of 3 8  ( 2 . 6% )  f li e s  showed 

positive fluorescence for S .  suis type 2 .  No f l i e s  were detec t ed as  

carrying S .  suis type l .  
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TABLE 4 . 1 

DETECTION OF  S .  SUI S  TYPES 1 a nd 2 BY IMMUNOFLUORESCENCE 
FROM THE PIGGERY ENVIRONMENT 

TYPE OF 
SAMPLE 

Farrowing hou s e  
-mesh f loor 
-solid f loor 
-feed troughs 
-feed 
-water 

Weaner Hou s e  
-slats 
-solid f loor 
-feed troughs 
-feed 
-water 

Grower Hous e  
-solid f loor 
-feed troughs 
-feed 
-water 

Fatt ening Hous e  
-solid f loor 
-feed troughs 
-water 

Dry Sow Hous e  
-slats 
-solid f loor 
-feed t roughs 
-water 

NUMBER 
OF 

SAMPLES 
TESTED 

60 
60  
3 6  
1 5  

5 

3 5  
3 5  
3 0  
1 8  

6 

6 4  
32  
16  

4 

3 6  
3 6  

6 

6 0  
6 0  
2 5  
1 0  

NUMBER OF SWABS 
POSITIVE FOR 

S .  SUI S  TYPE 1 
( % )  

1 ( 1 .  6 )  
2 ( 3 .  3 )  
2 ( 5 .  5 )  
2 ( 6 . 6 )  
0 ( 0 . 0 )  

1 ( 2 . 8 ) 
3 ( 8 . 5 )  
1 ( 3 . 3 ) 
0 (0 . 0 ) 
0 ( 0 . 0 )  

4 ( 6 .  2 )  
1 ( 3 .  1 )  
0 ( 0 . 0 )  
0 (0 . 0 ) 

0 (0 . 0 ) 
1 ( 2 . 8 ) 
0 (0 . 0 ) 

1 ( 1 .  7 )  
1 ( 1 .  7 )  
1 ( 4 . 0 )  
0 ( 0 . 0 )  

NUMBER O F  SWABS 
POSITIVE FOR 

S .  SUI S  TYPE 2 
( % )  

3 ( 5 . 0 )  
5 ( 8 . 4 )  
3 ( 8 . 4 )  
1 ( 6 . 6 )  
0 ( 0 . 0 )  

3 ( 8 . 5 ) 
4 ( 1 1 . 4 )  
4 ( 1 3 . 3 )  
l ( 5 . 5 ) 
0 ( 0 . 0 ) 

3 ( 4 . 6 )  
2 ( 6 . 2 )  
1 ( 3  . 1 )  
0 ( 0 . 0 )  

1 ( 2 . 8 )  
1 ( 2 . 8 ) 
0 ( 0 . 0 )  

2 ( 3 . 3 ) 
4 ( 6 .  7 )  
2 ( 8 . 0 )  
0 ( 0 . 0 )  
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DISCUS S ION 

I n  this  investigat ion S .  suis types 1 and 2 were readily 

detect able in  the environment of  the piggery . This i s  in  contrast  to 

the work  o f  other s , who have reported difficulty in i solat ing S .  sui s  

from t h e  environment ( C li f ton-Hadley and Alexander , 1 98 3 ) .  The higher 

proport ion detec t ed here may be associated wit h  t he use of  an 

I . F . A . T . , which i s  a more sensit ive t est for ident i fying S .  suis t han 

the t raditional microbiological met hods . 

C l i f ton-Hadley and Enright  ( 1 984 ) demonstrated t hat S .  suis 

type 2 c ould survive for over 1 0 0  days in faeces and 5 4  days in  dust 

kept at  0°C .  However it  survived for only 8 days in  f aeces  and l e s s  

than 2 4  hours in d u s t  at  a t emperature range of 22° to  2 5°C ,  which i s  

the normal operating t emperature of most intensive piggeries ( Owe n ,  

1 982 ) .  N o  S .  suis could b e  d e t e c t e d  in dust samples  f rom this piggery , 

however a l l  samples were c o l l e c t ed from areas not acc essible t o  the 

pigs . Streptococcus  sui s  is disper sed into the air by sneezing , with 

the produc t ion of a droplet greater than lOO� in size . A droplet  of 

thi s  size has only a short f light range and wou ld not be wid e ly 

dispersed ( Schwabe e t  al , 1 9 7 7 ) . I t  would appear that areas not 

acces sible to the pigs are free  from S .  suis . However , it  is  pos sible 

that S .  suis c ould be disper s ed to  these areas wi th  the aero sols  

generated during hosing and c leaning of  pens . I f  S .  suis is  present in 

these areas it is only present in small  numbers , less t han the minimum 

required for a positive result  on the I . F . A . T .  as discus sed in the 

previous chapter . Heard ( 1 98 4 ) believed that areas o f  dust and dirt  

could harbour S .  $Uis  type 2 a nd init iate infection . He proposed t hat 

these areas should be regularly c leaned to  minimize the risk of  

infect ion . If  t hese areas wer e  not  accessible to the pig , there wou ld 

appear t o  be l i t t le advantage in  c leaning these areas in the hope of  

reducing t he numbers of  S .  sui s . 

The detect ion of S .  suis t ype 2 in ,  or on , f lies  may provide 

another means for the spread of infect ion within or between herds of 

pig s . Clifton-Hadley et  a l  ( 1 9 86b ) proposed that flies c ould 

indirect ly spr ead S .  suis t ype 2 from infect ed pig carc a s s e s  to 

susceptible pig s , however they  d id not examine any flies  for the 

pre s ence of infect ion . 
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As Clifton-Hadley and Enright ( 1 984 ) found that S .  suis t ype 2 

could survive in  faeces , e f f luent may provide another means for spread 

of t he bacterium between and within herds . Large number s of  f lies are 

also attrac t ed to e f f luent and could provide another means for the 

dispersion of infection . The failure to detec t S .  suis in t he e f f luent 

in  t his investigat ion may be due t o  

1 .  a dilution f a c t or from t he large volume o f  wat er used in this 

piggery for ho sing down , washing and c l eaning pens 

2 .  the fai lure of  S .  suis to  survive in  e f f luent or 

3 .  t he complete absenc e  of  S .  suis in this material .  

Although S .  suis was detec t ed in  all  sections of the piggery , the 

importance of these f indings i s  d i f f icult  to det ermine wit hout 

accurate knowledge of t he minimum infec tive dose for S .  suis . Parker 

( 1 9 7 8 )  also isolated group A streptococci from the e nvironment , 

however these isolates  were found t o  be less  infect ive than t hose 

isolated direc t ly from humans . 

As S .  suis could not be i s o lated f rom one room that had been 

destocked and thoroughly c leaned , it  would appear that the main spread 

of infect ion of  S .  suis between and within herds i s  still  likely t o  be 

the carrier pig .  

CONCLUSIONS 

1 .  Streptococcus suis c a n  be i solated from the environment of  the 

piggery . 

2 .  Streptococcus  suis was not detected in dust  samples c o l lected from 

areas not acc essible t o  t he pigs . 

3 .  Flies can act a s  c arriers of  S .  suis type 2 .  
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B .  SURVIVAL OF S .  SUI S  IN THE PORCINE TONSIL 

INTRODUCTION 

The palat ine tonsil s  are the primary sites  for infec t ion of bot h  

S .  suis types 1 and 2 ( Wi l liams et  a l , 1 9 7 3 ;  Clifton-Hadley and 

Alexander , 1 980 ) . C l i f ton-Hadley et  al  ( 1 984b ) found that S .  suis  

type 2 c ould be  carried in the  palat ine tons i l s  of  normal healthy pigs  

for over 5 1 2  days . The s e  tons i l lar carriers  wer e  recognized a s  

import ant in the spread of the organi sm between pigs and herd s . 

Clifton-Hadley et al  ( 1 986b ) also showed that S .  suis type 2 c ould 

survive in the carc a s s e s  of  slaught ered pigs . 

The aim of this experiment was to inves t igate  the durat ion of  

survival of S .  suis t ype 2 in the palat ine tons i l s  col lected f r om 

apparent ly normal pigs s laught ered at  a meatworks . 

MATERIALS AND METHODS 

Both palat ine t o ns i l s , s t i l l  at tached to the tongue and larynx , 

were collected from apparently healthy pigs slaughtered at a New 

Zealand meatworks . Palat ine tonsils wit hout any anc i l lary t i s sue 

a t tached were also c o l lec ted from other pigs a t  the meatworks . All 

pigs originated f r om two herds which wer e  previous ly shown t o  be 

infected with S .  suis  t ypes 1 and 2 .  Samples were proc es sed in  t he 

laboratory within two hours of c o llec t ion . 

On the day of  slaughter one palatine t onsil was inc ised and 

swabbed from each sample  of  the group with the t ongue and larynx 

attached . The swab was plated onto sheep blood agar and an I . F . A . T .  

performed on the resultant bac t erial growt h ,  a s  described i n  Chapte r  

I l l . The tissues , i nc luding t he t onsils , wer e  maintained a t  either 4°C 

or at room temperature ( 1 7° to  2 4°C )  for up t o  eight days . Each day , 

one palatine tons i l  f rom each sample was inc ised and a swab t aken and 

handled as  above . 

On the day of  c o l le c t ion , one of the tonsils from each o f  t he 

paired samples was inc ised in f our parallel  plane s . Swabs were t aken 
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from each inc i s ion and handled as above . The remaining palatine t onsil  

from each  pig  was f rozen and stored at -20°C .  At monthly i nt ervals 

some of  t hese frozen tonsils were t hawed out and inc ised in  four 

parallel  planes . Four swabs were t aken from each thawed tonsil  and an 

I . F . A . T . performed on the bact erial growth . The ini t i a l  percentage  o f  

tonsils i nfec ted wit h  S .  suis was compared with that o f  tons i l s  frozen 

for various period s . 

RESULTS 

Table 4 . 2  records the detection of S .  suis type 2 f rom t onsils  

held at two d i f ferent temperatures ( 4°C and room t emperatur e ) .  

Streptococcus suis t ype 2 was detected f rom some tonsi l s  on every day 

of  sampl ing . However , the result of t he I . F . A . T . on individual  t onsils  

frequent ly fluc tuated between posit ive and negat ive . Sampling at  room 

t emperature was discont inued a fter four days due t o  t he s trong odour 

emanating from the decomposing t i ssue . Tonsils held at 4°C were shown 

to  be infec t ed wit h  S .  suis type 2 for at least eight days fol lowing 

s laught er of t he pig ,  and for at least four days when t he tons i l s  were 

kept at room t emperature . 

At -20°C ,  S .  suis type 2 were found to survive for at  least  nine 

months and S .  suis type l for six mont hs (Table 4 . 3 ) . However a f t er 

four months of  st orage , the proport ion o f  tonsils produc i ng posit ive 

f luorescence was r educ ed . 

DISCUSSION 

In this experiment S .  sui s  type 2 survived for at least  nine 

months in frozen palatine t onsi ls , at  least eight d ays in r e f rigerated 

t onsils and for at  least four days in tonsils maintained at  room 

t emperature . C l i f t on-Hadley et al ( l 9 86b) report ed simi l ar results  

when studying the survival and distribut ion of S .  suis t ype 2 in pig 

carcasses following intravenous infect ion with S .  suis t ype 2 .  In 

their experiment , pigs were s laughtered 48 hours after  inf e c t ion . 

Tissues wer e  maintained at either 4° or 22°C and wer e  rout inely 

cultured for S .  suis type 2 .  Although no S .  suis type 2 c ou ld be 

isolated from the musc le , they were identified in t he l iver and 
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TABLE 4 . 2  

DETECTION ( % )  OF S . SUIS TYPE 2 BY I . F .A .T .  FRON PALATINE TONSILS 
STORED AT 4oc and ROON TEf.1PERA TURE 

STORAGE NUt1BER OF DAY OF SAMP L I N G  POST- SLAUGHTER 
TEt1PERA TURE TONS I LS 

SAMP LED 0 1 2 3 4 5 6 7 8 

4oc 8 7 6 6 8 5 6 5 4 5 
( 87 . 5 ) ( 7  5 )  ( 7 5 )  ( lOO ) ( 62 . 5 )  ( 7 5 )  ( 62 . 5 )  ( 50 )  ( 62 . 5 ) 

22oc 6 4 3 2 3 2 
( 66 . 7 )  ( 50 )  ( 33 . 3 )  ( 50 )  ( 33 . 3 )  

- not sampl ed 

TABLE 4 . 3 

DETECTION (% )  OF S .  SUIS TYPES 1 and 2 BY I . F .A .T .  
FROf� PALATINE TONSILS STORED AT -20oc 

T I ME OF SAMP L I NG ( MONTHS ) 
SLAUGHTER 1 2 4 6 9 

S .  s u i s 22/40 4/8 3/8 3/8 1/8 0/8 
type 1 ( 55 )  ( 50 )  ( 37 . 5 )  ( 37 . 5 ) ( 1 2 .  5 )  ( 0 . 0 )  

S .  s u i  s 3 1/40 6/8 5/8 6/8 3/8 1/8 
type 2 ( 77 . 5 ) ( 7 5 )  ( 62 . 5 )  ( 7 5 )  ( 37 . 5 ) ( 1 2 .  5 )  \0 

CO 

--�- -



j oint s .  When these "i nf ec ted " ti ssu e s  were maintained at  4°C ,  S .  suis  

type 2 was isolated for six weeks a f t er slaught er and for at least 12  

days when the tonsils  wer e  maint ained at  2 2°C .  They believed t hat 

because of  this  long period of  survival , carcasses infec t ed with 

S .  suis t ype 2 c ould s t i l l  be a hea l t h  hazard long a f t e r  s laughter . 

The f indings of  Kloppenburg et  a l  ( 1 97 5 ) ,  who report ed a case  o f  

meningitis from S .  s u i s  type 2 in  a f emale butcher after  an inj ury 

from a pork bone , supports  this hypothesis . C lift on-Hadley et  al 

( 1 986b ) believed that c arcasses  of  pigs , which had died a s  a r e sult  of 

infection with S .  suis t ype 2 ,  cou ld be a source of indirec t spread of 

infec tion . They believed that i f  the s e  carca sses were left unbur i ed , 

infect ion could be spread via bird s , rat s , mice , f lies  or dogs . 

Cannibalism,  which i s  a problem in  some pig herds ( Hanbury et  a l , 

1 986 ) ,  and the abi l i t y  of  S .  suis type 2 to survive in  inf ec t ed 

carcasses could provide another means for spread of the d i s ea s e  wit hin 

herds . 

Streptococcus suis type 1 was a l s o  shown to survive f or up to  six 

months in  frozen tons i l s . Although S .  suis type 1 is  not a known 

zoonotic agent (Clement s e t  al , 1 9 82 ) ,  infected carc asses  c ould a l low 

the spread of  disease i n  a similar way to that discussed f or S .  suis  

type 2 .  

The f inding that S .  suis could survive in frozen and refr iger a t ed 

tissues has other important implicat ions . I t  indicates  that samples 

can be collec t ed and kept frozen wit hout reduc ing the s ensitivity of  

the I . F . A . T . This abi l i t y  to survive a t  low t emperatures was _ u t i lized 

in Chapter V ,  by sampling pigs from different regions in  New Zealand 

and returning the se  samples either chi l led 

microbiologica l  laborat ory . 

or frozen to the 

In individual palat ine tons i l s  maintained at 4°C ,  f lu ctuat ions 

occurred in the results  obt ained f rom the I . F . A .T . These f luctuat ions 

could be explained by the sensitivi t y  of the I . F . A . T . , a s  described in  

the previous chapter , and not by  a variat ion in the actual number o f  

organi sms present within the t onsil  . 

L ' ·  ( 
. .. ....... . .  
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CONCLUSIONS 

l .  Streptococcus  suis t ype 2 survived for at least eight days in  

palatine tons i l s  maintained a t  4°C and for four days in tons i l s  kept 

at  2 2°C .  

2 .  Streptococcus  suis type l survived for at least  six  months a nd 

S .  suis type 2 for nine months at -20°C .  

C .  SURVIVAL OF S .  SUI S  UNDER DIFFERENT CONDITIONS IN THE LABORATORY 

INTRODUCTION 

Although S .  suis  is considered relatively resistant to general 

environmenta l  factors  ( Heard , 1 984 ) , little work has been done on t he 

inf luenc e of  spec i f ic f ac t or s  such as  pH , temperature , dessicat ion , 

o smolarity and the effects  of disinf ectants on the survival o f  this 

bac t erium . The aim o f  this sect ion was to invest igat e these f a c t o r s  in 

t he att empt t o  understand their effect on the survival of  S .  suis  

within t he piggery . 

MATERIAL S AND METHODS 

Strains of S .  suis  

In these experiment s type cultures for  S .  suis types l a nd 2 

( NCTC 10234  and NCTC 1 0 2 3 7  respec t ively) and field isolat e s  o f  both 

types collec t ed from healthy tonsillar carriers were u s ed . Pure 

c ultures of S .  suis were inoculated into Todd Hewi t t  Bro t h  and 

incubat ed for 1 8  hours at  3 7°C prior to  experiment at ion . 

Enumeration o f  S .  suis 

To inves t igat e the pat t ern of survival of S .  suis , the number of  

organisms at  the start  of  each  experiment and at  various int ervals  

l OO 



during the experiment was c al c ulated . This was done by taking 0 . 5  ml 

of t he t est solut ion cont aining S .  suis and doing a series of t e n  f o ld 

dilutions in physiologica l  saline . At each dilution , 0 . 1 ml was spr ead 

over sheep blood agar plat e s . These plates were incubat ed for 1 8  hours 

at  3 7°C and t he number of  colonies on each pla t e  counted . The number 

of S .  suis present in t he i ni t ial solution was c alculated from the 

average number o f  c oloni e s  o n  each plate and the degree of dilu t ion . 

Organic Matt er 

Yeast was initially u sed to  simulate the presence of organic 

mat t er in some t est s o lu t ions . Although this was a s t andardized 

mat eria l , it  was unsat i s f a c t ory as i t  provided nutrient s for bact erial  

mult iplicat ion . Subsequent ly  faec es  were used  as  organic mat t er . 

Faeces were collec t ed from sows and grower pigs from one intensive 

piggery , the pH measured , and a composite  mixture autoc laved at  l 2 1°C 

for 1 5  minute s . 

pH 

The influence of pH on t he survival of  field strains of S .  sui s  

types 1 and 2 was studied by inoculat ing S .  suis int o seven buf fered 

solut ions wi th a range of pH from 5 to  10 . 6 .  Two c itric -phosphat e  

buf fer solutions were made a t  a pH o f  5 . 0  and 6 . 4 ;  three phosphat e  

buffer  solut ions were mad e  wit h  a pH o f  6 . 4 ,  7 . 4  and 8 . 0  and two 

c arbonate-bicarbonate  buf f er solut ions made with a pH of 9 . 2  and 1 0 . 6  

( Appendix IV ) .  A known number of S .  suis in 0 . 2 5 ml of broth wer e  

inoculated int o  4 . 7 5 ml of  e a c h  buf fer and the solut ion maint ained at  

room t emperature . Three hours  a f t er mixing , and then at  24  hour 

intervals for up to 1 3  days , s amples  were taken from each solution and 

the number of viable S .  suis c alcu lated . Duplicate solut ions 

incorporat ing 5 %  autoc laved f a eces  wer e  also t es t ed . 

Temperature 

A known number of S .  suis suspended in 0 . 2 5 ml of broth  wer e  

added to 4 . 7 5 m l  of  physiological saline . These  solut ions wer e  

maintained at approxima t ely  -20°C ( freezer c ompartment of  t he 

refrigerator ) ,  approximat ely  4°C ( refrigerator ) ,  1 7° to  2 4°C ( room 

t emperatur e ) ,  3 7°C ,  4 5°C and 60°C .  Three  hours a f t e r  inoculat ion and 
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then at daily , weekly a nd two-weekly i nt ervals  for up to  1 5  weeks , 0 . 5  

ml of the solu t ion was c ollected , d i lu t ed in physiologic a l  s a l i ne and 

the number o f  viable S .  suis det ermined as described above . With the 

samples maintained at -20°C a new bott le was thawed and u s ed at  each 

t ime of t e s t ing . The solution maint ained a t  60°C was s ampl ed every 

minute  for t he f irst t e n  minutes . 

was tested for a l l  four isolates 

The susc eptibility t o  t emperature 

of  S .  suis and also dupl i c a t ed in 

physiological  saline incorporating 5 %  st erilized pig faec e s . 

Saline conc entration 

The e f f e c t  of saline c onc entrat ion on t he survival of s t rains of 

S .  suis was studied by subj ect ing these  bact er ia to  seven solutions of 

differing conc entrat ion of sodium c hloride . A known number of S .  suis 

organisms wer e  added t o  solutions made up from dis t il led wat er , 0 . 1 % ,  

0 . 9% ,  2 . 5 % , 6 . 5% ,  1 0% , and 20% s a line solut ions . All solut ions were 

maint ained at  room t emperature and sampled as  described above . These 

experiment s wer e  repe a t ed incorporating 5%  yeast in the solut ions . 

Dessication 

A known number o f  S .  sui s  wer e  diluted in physiological  saline 

and 0 . 1  ml dispensed onto sterile  microscope cover-slips . The s e  c over­

slips were kept in s t erile  petri  d ishes and the solution a llowed to 

dry ou�. At weekly int ervals , cover slips were taken and dropped into 

a known volume of physiolog i c a l  saline , shaken vi&orous ly and the 

number of viable S .  suis  determined a s  described earlier . Due t o  the 

dif ficulty i n  removing all  organi sms f rom the c over s lip this 

technique was discont inued and replac ed with  a swabbing t echnique . A 

drop of physiologica l  saline was d i spensed onto cover s l i p s  c ontaining 

the drop of desiccat ed culture . They were swabbed vigorously and the 

swab plated onto sheep blood agar . Although t hi s  met hod cou ld not 

al low for enumeration of viable S .  suis , it  did provid e  a yes /no 

survival indicator . Samples wer e  initially t aken daily , t hen weekly , 

and then two-weekly for up t o  1 2  weeks . All c over s lips were 

maint ained at  room t emperature . The experiment was dupli c a t ed with  the 

incorporat ion of 5%  autoc laved f a e c e s  in t he solu t ion d i s pensed onto 

the cover slips . 
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Disinf ec tant s  

The effect  o f  disinfec tants o n  the survival of  S .  suis  was 

assessed by means o f  a capac ity-use dilution test as  described by 

Kel sey et  al ( 1 9 6 5 )  and Kelsey and Sykes ( 1 9 69 ) . The disinf ec t ant s 

wer e  diluted t o  t he manufac turers spec i f icat ion in either a s t er i l e  

solution of  d i s t i l led wat er o r  a sterile solution o f  distil led water 

incorporating 5 %  yeast 1 The S .  suis t o  be tested was incubat ed i n  

Todd Hewitt Broth  for 1 8  hours at 3 7°C .  Twelve ml o f  t h e  d i l u t ed 

disinfectant mixture was dispensed int o  a s t erile universal bot t le and 

at ten minute i nt ervals , two ml o f  broth was added t o  t he disinfec t ant 

and the mixture thoroughly shaken . Eight minutes after the broth was 

added , f ive drops o f  the mixture wer e  placed on a sheep blood agar 

plate .  The test c ont i nued for one hour which allowed for the add i t ion 

of  six volumes o f  organisms and a halving in the ini t ial c o nc entrat i o n  

of disinfectant . The agar plates  were i ncubat ed at 3 7°C f o r  1 8  hours 

and t he number of drops with  positive growth counted . The e nd point 

for the disinfe c tant was t aken to  be the highest number o f  broth 

additions that gave less t han f ive c olonies from the f ive drops . 

To calcul a t e  the minimum inhibitory conc entration o f  s ome 

disinfec tant s , doubling dilutions of the disinfec t ants wer e  made in 

volumes of  5 ml o f  Todd Hewit t  Brot h .  Thes e  were each inoc u l a t ed with 

0 . 02 ml of  a one in ten dilut ion o f  an overnight broth c u lture of 

S .  suis . The solution was then incubat ed at 3 7°C for 2 4  hours and 

examined for t he presenc e of  bac terial growth . 

RESULTS 

pH 

Figures 4 . 1  and 4 . 3  c ompare the survival of f i e ld i s o l a t e s  o f  

S .  suis types 2 and 1 respect ively i n  

Figures 4 . 2  and 4 . 4 ,  the inac t ivation 

types 2 and 1 r espec tively are shown 

with 5% faec es  added . These  f igures  

solutions o f  d i f f erent pH . In  

o f  field isolates  of  S .  suis  

for solutions o f  d i f f erent pH 

are redrawn in Figure s  1 t o  7 

( Appendix V )  to  c ompare t he t ime o f  survival of  isolates  in  each of  

1 DYC Ac t ive Yeast , DYC Foods , Auckland , New Zealand 
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FIGURE 4 . 1 

THE EFFECT OF pH SOLUTI ONS ON THE SURVI VAL OF A F IELD I SOLATE 
OF S .  SUIS TYPE 2 
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FIGURE 4 . 2 

THE EFFECT OF pH SOLUTIONS WITH 5% FAECES ON THE SURVIVAL 
OF A FIELD ISOLATE OF S. SUIS TYPE 2 
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FIGURE 4 . 3  

THE EFFECT OF pH SOLUTIONS ON THE SURVIVAL OF A FIELD I SOLATE 
OF S .  SUIS TYPE 1 
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FIGURE 4 . 4 

THE EFFECT OF pH SOLUTIONS WITH 5% FAECES ON THE SURVIVAL 
OF A FIELD I SOLATE OF S. SUIS TYPE 1 
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t he buf f e red solut i ons.  S t reptococcus sui s  surv.tved for up  t o  two 

weeks i n  a range of s o lut i ons ( pH 5 to 9 . 2 ) .  Jn soluti ons wi thout 

f a e c e s , t he f i e l d  i s o l a te s  survived for the longes t t ime l n  the 

pho s pha t e  buf f e re d  s o lu t i on of  pH 7 . 4  ( s even and ei ght days for  

S .  suls types 1 and  2 res pec t lvely ) .  S t re ptococcus sui s type 2 a l s o  

survived f o r  e i g h t  day s i n  t h e  phospha t e  buf fered s o lu t i on wi th  a pH 

of 6 . 4 .  In solutlons wi th pH ' s  greater  than 9 . 2 ,  s. sui s types 1 and 2 

we re inactivated wi thin three days . The f a s t est i na c t iva t i on o f  both 

s.  s u i s types 1 and 2 o c c u r r e d  in the mos t a l ka l i ne s o l u t i o n 

( ca rbona te-bicarbona te solut ion , pH 1 0 .  6 ) , with a l l  o rgani sms be i ng 

ina c t iva ted wi thin four  hours . The two buf f e red solu t i ons a t  the same 

pH o f  6 . 4  ( c i t ra t e  phospha t e  buf fer and phospha te buf fer)  ina c t i vated 

S .  s u i s  wi thi n s i mi la r  per iods ( s even and eight days wi th S .  sui s 

type 2 and four day s  wi th S .  suf s type 1 ) .  When faeces we re added t o  

the buf fered soluti ons , the period o f  survival f o r  bo th s. sui s  ty pes 

1 and 2 was increased in a l l  solutions . S. sui s type 1 survived f o r  

the longest  ( 1 3 day s ) i n  a ca rbonat e-bi carbona te so lution ( pH 9 . 2 )  

whi ls t  s. sui s  type 2 survived for 1 2  days in bo th the ca rbona t e­

b i c a r b o n a t e  s o lu t i o n  ( pH 9 . 2 )  and pho s pha t e  b u f f e red  s o l u t i o n 

( pH 7 . 4 ) .  When faeces were p resent , the ca rbonate-bicarbonat e  buf f e r  

( pH 1 0 . 6 )  s t i l l  produced the mos t  rapid  i nac t iva t i on of organi sms .  In 

solut i ons wi thout  faeces , the re was a s teady decrease in the numbe r of 

.v i a b l e  o rgan i sms  o v e r  t h e  pe r i o d  of t h e  expe rimen t .  Howeve r i n  

s o l u t i on s  i ncorpora t ing faeces , other than the st rong ly ac i d i c  or  

alkal i ne ones , the number of organisms did not s ta r t  decreas i ng unt i l  

u p  t o  e ight days a f t e r  the s t a r t  o f  the experiment . 

Tempera ture 

The numbe r  of s. sui s type 2 ( f i eld s t rain  and type cul ture ) 

surviving i n  phy s i ological sali ne maint a i ned at  vari ous tempe ratures 

is  shown in Figures 4 . 5 and 4 . 6 ,  and f o r  s. sui s  type 1 i n  Figures 4 . 7  

and 4 . 8 .  The e f f e c t  of  faeces on the surv i val o f  s. sui s types 2 and 1 

i s  shown in Figu res 4 . 9 and 4 . 1 0  respe c t i vely. Jn Appendi x V ( Fi gures 

8 t o  1 3 )  the surv ival of  the d i fferent types of  S. suis are compa red 

a t  e a c h  tempe ra ture.  Both S. sui s types 1 and 2 survi ved f o r  the 

longes t periods  when ma i n ta:i.ned at -20°C ( S . su:f s ty pe 1 surv .tved for 

77  days i n  phys i o logical saline and at  lea s t  1 0 5  days i n  phys i o logi ca l  

saline wi th 5 %  faeces , and s .  sui s type 2 survi ved f o r  9 1  day s  i n  



FIGURE 4. 5 

THE EFFECT OF TEMPERATURE ON THE SURVIVAL OF A F IELD ISOLATE 
OF S .  SUI S TYPE 2 IN PHYSIOLOGICAL SALINE 
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FIGURE 4 . 7  

THE EFFECT OF TEMPERATURE ON THE SURVIVAL OF A FIELD ISOLATE 
OF S .  SUI S  TYPE 1 IN PHYSIOLOGICAL SALINE 
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FI GURE 4 .8  

THE EFFECT OF TEMPERATURE ON THE SURVIVAL OF A STRAIN CULTURE 
OF S .  SUIS TYPE 1 IN  PHYSIOLOGICAL SALINE 
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FIGURE 4 . 9  

THE EFFECT O F  TEMPERATURE ON THE SURVIVAL OF S .  SUIS  TYPE 2 
I N  PHYSIOLOGICAL SALINE WITH 5� FAECES 
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FIGURE 4 . 10 

THE EFFECT OF TEMPERATURE ON THE SURVIVAL OF S .  SUIS TYPE 1 
IN  PHYSIOLOGICAL SALINE WITH 5� FAECES 
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physiologic a l  s aline and 105  days i n  physiological saline with 5 %  

faeces ) .  A s  the t emper ature o f  the maint enanc e solut ion was i nc r eased , 

the durat ion o f  survival  was r educ ed f or both S .  suis types 1 and 2 .  

However , for  s amples maintained a t  either 4°C or at room t emperature 

( 1 7  to 2 4°C )  t he periods of  survival , and hence the rate of 

inact iva tion o f  organi sms wer e  a lmost  ident ical . At room t emperature ,  

3 7°C and 4 5°C t here wer e  only one or two days differenc e  between the 

survival of t he field isolates  o f  both  S .  suis types 1 and 2 when 

c ompared with  t he type  strains o f  these organi sms . However a t  4°C ,  the 

f ield isolat e o f  S .  suis  type 1 survived for 2 8  days longer t han the 

type cultur e , whil s t  for S .  suis  t ype 2 the type culture survived 1 4  

days longer than the f i e ld i solat e . When cultures were maint ained at  

60°C ( Figure 1 3  - Appendix V )  a l l  organisms were destroyed wit hin two 

minutes . Most  organisms were ina c t ivat ed within the f i r s t  minute  at  

this temperatur e . The addition o f  faec e s  to  the culture did  not ext end 

the survival  t ime at  60°C ,  however a t  all  other t emperatures t he 

duration o f  survival was increased . 

Saline Conc entration 

Figures  4 . 1 1  and 4 . 1 2 c ompare t he survival of S .  suis  t ype 2 in 

seven d i f f er ent saline solutions with  and without 5% yeas t . Similarly , 

Figures 4 . 1 3 and 4 . 1 4 c ompare t he survival o f  S .  suis t ype 1 in t hese  

solutions wit h  and without 5% yeas t . These figures are  a l so redrawn in 

Appendix V ( Figure s  14 t o  2 0 )  t o  compare the different types of  

S .  suis and the e f f e c t  of yeast  in  eac h of  the saline s o lu t ions . Both  

S .  suis t ypes 1 and 2 survived for  the longest period in physiologica l  

saline ( 0 . 9% s aline ) .  Streptococcus  suis  type 1 survived for e ight 

days in 0 . 9% s a line and 1 6  days when yeast was added , whi lst  S .  sui s  

type 2 survived f o r  seven and 2 0  days  respec tively . The addition  of  

yeast enhanced the period of  survival for both S .  suis types 1 and 2 

in all s al ine solut ions . I n  solut ions without yeast and o f  high salt  

concentr a t ion  ( 20%  and 1 0% ) , there  was rapid destruc t ion of  bot h  

S . . suis t ypes 1 and 2 .  All organisms were inac tivat ed a f t er o ne day in  

these solutions . The  addit ion o f  yeas t  to  the se solutions enhanced t he 

period o f  survival for S .  sui s . Streptococcus sui s  type  2 then 

survived for five days in 1 0% saline and three days in  the 2 0 %  

solution , whi l s t  S .  suis type 1 survived for three days i n  bot h  

solutions . I n  a s o lution with  a saline c oncentration o f  6 . 5% and 
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FIGURE 4 . 11  

THE EFFECT OF SALINE SOLUTIONS ON THE SURVIVAL OF A FIELD ISOLATE 
OF S .  SUIS TYPE 2 
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FIGURE 4 . 12 

THE EFFECT OF SALINE SOLUTIONS WITH 5% YEAST ON THE SURVIVAL 
OF A FI ELD ISOLATE OF S .  SUIS TYPE 2 
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FIGURE 4 . 13 

THE EFFECT OF SALINE SOLUTIONS ON THE SURVIVAL OF A FIELD I SOLATE 
OF S .  SUI S  TYPE 1 
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FIGURE 4 . 14 

THE EFFECT OF SALINE SOLUTIONS WITH 5% YEAST ON THE SURVIVAL 
OF A FIELD ISOLATE OF S .  SUIS TYPE 1 
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incorporating 5%  yeast  ( Figure 4 . 1 4 ) , the numbers o f  S .  suis  type 1 

actually inc r eased before r educing a f t er six days . This t emporary 

increase in t he number o f  organisms also occurred for all i solates  

suspended in solutions o f  yeast with  a saline conc entrat ion less  than 

6 . 5% .  

Dessication 

Streptococcus suis type 1 survived for f our weeks and S .  suis 

t ype 2 for six weeks whe n  solut ions o f  these bact er i a  wer e  dried on 

s t erile  microscope c over s lips . When faeces wer e  added t o  the initial  

bac t erial solution , the  survival t ime was increased t o  eight and t en 

weeks for S .  suis types 1 and 2 respect ively . 

Disinfectant s 

The resu lts  of  the capa c i ty-use t e s t  for disinf e c t ant s are l i s t ed 

in  Table 4 . 4 .  Savlon and Mul t ikleen at the high c o nc entrat ion ( 5% )  

showed good disinfect ing abi l i t ies whi l s t  Medol and Multikl een a t  the 

low concentrat ion ( 2 . 5% )  had poor di sinfec t ing qual i t i e s  for S .  suis . 

The disinfec t ing ability  was j udged by the criterion of  Ke lsey et a l  

( 1 96 5 )  who regarded a disinfec tant as  " satisfactory" if  t hree  or more 

volumes of bac t erial bro t h  could be added before a pos i t ive cu lture 

was obtained . The high c onc entrat ion of Mu lt ikleen was tha t  

recommended by the manufacturer for u s e  when organic mat ter was 

present . The addit ion o f  5 %  yeast , t o  s imulate the presence o f  organic 

mat ter , decr eased the e f f e c tiveness  of  both t he more c o nc entrated 

solut ions o f  Mu ltikleen and Savlon for both S .  suis  types 1 and 2 .  

There was no effect  on the weak solu tions o f  Mul t ikleen or Medo l , 

which had fai led to  inhibit growth even at the f i r s t  introduc t ion o f  

organisms . 

The minimum inhibit ory c oncentrat ions of  Meda l  and Mul t i kleen for 

S .  suis were greater than 1 / 1 600 and 1 / 640 r espect ively . These  

dilut ions were far  in exc ess of  the  manufac turers dilution 

instructions . 

1 1 3  



TABLE 4 . 4  

CAPACITY-USE DISINFECTANT TEST RESULTS FOR S .  SUIS  
INCORPORATING 5% YEAST 

MANUFACTURERS 
RECOM�1ENDED 

CONCENTRATI ON 
OF 

D I S I N FECTANT 
{ % )  

H I GHEST D I S I N FECTANT CONCENTRATI ON 
G I V I NG  LESS THAN 5 COLON I ES 

D I S I N FECTANT 

Pota s s i um Hyd roxi de* 2 . 5  

Pota s s i um Hyd roxi de* 5 . 0  

Synthet i c  Phenol + 1 . 0  

Cetrimi de# 2 . 5 

( ) - n umber of broth i ncrements 

S .  su i s  
type 1 

2 . 5  
( 1 ) 

2 . 5 
( 6 ) 

1 . 0  
( 1 )  

1 . 25 
( 6 )  

* - Mu l ti k l een , KW Products Ltd . , Auck l and 
+ - Medol , G I BCO N . Z . Ltd . , Auck l and 

S .  su i s  
type 1 

( 5% yeast ) 

2 . 5  
( 1 )  

2 . 7  
( 5 )  

1 . 0  
( 1 )  

1 .  25 
( 6 )  

# - Sav l on , I C I  Ta sman , I C I  N . Z . Ltd , Upper Hut t .  

S .  s u i  s 
type 2 

2 . 5  
( 1 )  

2 . 5 
( 6 )  

1 . 0  
( 1 )  

1 . 2 5 
( 6 )  

S .  su i s  
type 2 

( 5% yeas t )  

2 . 5  
( 1 )  

2 . 7  
( 5 )  

1 . 0  
( 1 )  

1 .  25 
( 6 )  

...... ...... 
.p. 



DISCUSSION 

Microorganisms are suscept ible t o  changes in t he ac idit y  or 

alkalini t y  of  t heir surrounding media and a suit able environmenta l  pH 

is e ssential  for microbia l  met abolism and growth ( Cruickshank et  a l , 

1 9 7 5 ) .  Strept o c occus  suis was shown t o  survive in solutions with a 

wide range o f  pH , wit h  great est longevity in slight ly a lkaline 

solutions . These  f indings suppo r t  t hose  o f  Cruickshank et a l  ( 1 97 3 )  

who demonstrat ed that mo st bac t eria grow best in a s light ly a lkaline 

medium . Wessman ( 1 98 6 ) reported that group E strept o c o c c i  o f  pigs were 

also fairly resistant to  acidic  c onditions . Talkingt o n  et  al  ( 1 9 8 1 ) 

studied the survival o f  various Gram posit ive organisms in a 

fermentat ion proc ess and found that group E strept o c o c c i  survived and 

actually increased in numbers whilst  a l l  other Gram posit ive organisms 

wer e  i nac t ivated  or r educ ed i n  numbers during the proc ess . The group E 

streptococci  survived at pH ' s o f  between 4 and 5 during the process . 

In  the present inve stigation  S .  sui s  was also found t o  be r elat ively 

resist ant to  destruc t ion in an acidic medium , surviving for up to  six 

days at a pH o f  5 . 0  in a buf fered solution containing faec e s . The pH 

of fresh and autoc laved faecal  samples , collec ted from a piggery , 

varied f rom 6 . 3  t o  6 . 9 .  I n  a solution at this pH , S .  suis was shown t o  

survive f o r  at  least one wee k .  However the effect  o f  other viable 

bac t eria , which would normally be present in the faec e s , was not 

invest igated . The rapid d e struc t ion of S .  suis in solut ions of high pH 

may be useful when  determining t he relative effect iveness of dif ferent 

disinfec tant s . Alkaline di sinfectant s  could be mor e  e f f e c t ive in 

destroying S .  suis than neut ral or ac idic disinfec tant s .  Caustic 

substanc es , a lt hough c a pable o f  destroying S .  suis , would not be 

practical  i n  the piggery because o f  the corrosion to  building 

materials that would occur with their use . 

Facklam ( 1 980 ) repo r t ed t hat most streptococc i  c ould survive for 

several months on blood agar slopes maintained at 4°C ,  however 

survival in solut ions at this  t emperature was shorter . I n  t he present 

experiment s ,  it was f ou nd that S .  suis could survive in solutions for 

up to  seven weeks at 4°C whi l s t  when frozen at -20°C some survived for 

15  weeks . These f i ndings agree with the results described in Section B 

o f  this chapter and the f i nd i ngs o f  Clifton-Hadley and Enright ( 1 984 ) 

who found t hat S .  sui s  t ype 2 ,  when  mixed with f a ec e s , c ould survive 

at 0°C for nearly 1 5  weeks . Schmit z  and Olson ( 1 9 7 3 )  found that group 
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E streptococc i ,  i so l a t ed from pigs , survived for up to  1 6 5  days i n  

sterile irradiated soils and 1 1 6 days i n  non-irradiated soils  

maintained at  4°C .  The se streptococ c i  only survived for  31  days  i n  

irradiat ed pasture s o i l s  and four days i n  non-irradiated pasture soils  

when the soils  were  maintained a t  3 7°C .  The diff erence i n  surviva l 

times between irradiated and non-irradiated soils was believed t o  be 

due to  competit ion f rom the normal soil microorganisms . Presumably the 

bac teria present i n  the dung and dirt o f  a piggery would have a 

similar effec t . The experiment s performed here showed that t he 

addition of 5 %  o f  s t erile faece s  t o  solut ions of S .  sui s , enhanc ed the 

survival t ime of  t he s e  organi sms . The abi lity of S .  suis t ype 2 to 

survive in the frozen state or a t  the normal operat i ng t emperature  of  

a refrigerator could pose a human health  risk .  This possible hea l t h  

risk will  be discus sed further in Chapt er V I I I . 

At room t emperature ( 1 7° to 24°C )  S .  suis was shown t o  survive 

for up to 18 days . As discussed in Sec t ion B of t his c hapt er , t he 

ability of S .  suis t o  survive a t  t hi s  t emperature may provide a means 

for spread of i nf e c t ion throughout a piggery . Clifton-Hadley and 

Enright ( 1 984 ) reported that S .  suis t ype 2 could survive i n  f a e c e s  

for u p  to eight d a y s  a t  22° to  2 5°C ,  however could not survive i n  d u s t  

stored a t  room t emperature for more t han 2 4  hours . The d u s t  and f a e c a l  

samples used i n  t heir experiment s wer e  freshly collec t ed and wou ld 

have contained other microorganisms which may have reduced the period 

of survival . Simi larly Parker ( 1 9 7 8 )  r eport ed that human pathogenic 

streptococci of  Lanc e f ield ' s group A c ou ld survive in dust for up to  

several weeks . However ,  these  group A s t r eptococ c i  wer e  found t o  have 

reduced infect ivit y  when compared with  those isolated direc t ly from a 

human . 

Although t he opt imum t emperature for growth and mu ltiplication of 

a mesophilic bac t erium i s  approxima t e ly 37°C ( C ruickshank et a l ,  

1 9 7 3 ) ,  when no nut r i ent s wer e  avai lable for growth S .  suis survived 

for only three t o  f ive days at t his t emperature . This may be due to  

the  lack of nut r i e nt s  for met abol i sm and maintenanc e of  t he normal 

cell  func tion . 

The inabil i t y  of  S .  suis to  grow a t  4 5°C has been used a s  one of 

the diagnostic c r i t eria for  s eparati ng t hi s  organism from other group 

D streptococ c i  ( Deibe l ,  1 97 7 ; Perch et  a l ,  1 98 1 ) .  In t he present 
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experiment , no mult iplicat ion of  S .  suis was found at this 

t emperature . Most  strains o f  S .  sui s  died within four days a t  45°C .  

This is again probably best explained by a lack o f  nut r i ent s for 

met abolism and the t emperature inhibiti ng e ffec t  on e s sent i a l  enzyme 

systems of the bac teria ( Lechowich , 1 97 1 ) .  

Clifton-Hadley et al  ( 1 986a ) showed that S .  suis t ype 2 were 

rapidly killed at  60°C .  They demons trated t hat when 1 05 to 1 06 viable 

organisms were immersed into water a t  this t emperature , 9 5 %  to 9 9 . 98% 

o f  these organisms were i nac t ivated within 30 second s . I n  t he pre sent 

experiment , a l l  S .  suis wer e  destroyed within two minu t e s  at 6 0°C with  

over 99 . 99%  being destroyed in t he f irst  minu t e . Although the 

t emperature o f  the scald t a nks used f or dehairing pigs i n  most 

meatworks i s  mai ntained at  60oC , the t ime spent in t he scald t a nk and 

the subsequent rise  i n  body temperature of  the pig would not be 

sufficient t o  kill all organisms o f  S .  sui s . Although bac t er i a  o n  the 

t onsillar surfac e could be destroyed , organisms deep in t he c rypt and 

t onsi llar t i s sue survive the scalding process . However , maint aining 

the temperature o f  scald t anks a t  6 0°C will prevent t he c ross  

contaminat ion o f  c arcasses with  S .  suis . Clifton-Hadley and Enr ight 

( 1 984)  found that S .  suis type 2 could survive for up to two hours at 

50°C and up to t en minutes  at 60°C .  Based on these f i nding s , they 

proposed that the use of  hot wat e r  in t he piggery had more value in 

diluting contaminating organisms and removing dirt f rom sur faces  

rather than kil li ng of organisms by heat . 

Cruickshank e t  al ( 1 9 7 3 ) report ed that the abi lity o f  d i f ferent 

spec ies of bac t eria  to  survive when dried under natural c o nd i t ions 

varied widely . In the present experiment s ,  S .  sui s  i n  the pre sence of 

organic mat t er survived for up t o  ten weeks when dried o n  microscope 

cover slips . Although this period o f  survival may be d i f f er e nt to the 

survival t ime in the piggery , it  would appear that a piggery would 

need to be without pigs for several months to ensure a s a t is f a c t ory 

destruction o f  t he S .  suis present i n  the environment . Windsor ( 1 9 7 7 ) 

proposed that the destocki ng of  pigger ies c ould be used t o  eradicate 

S .  suis from a piggery . However , the d i f f iculty in obtaini ng pigs free 

from S .  suis , the c ost o f  restocking and the long period r equired 

without pigs would make this an uneconomic , i f  not impos sible , 

proposit ion . 
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Mos t  bact eria  are more t olerant t o  changes i n  o smot i c  pre s sure  

than  are t he c e l l s  o f  higher organisms ( Cruickshank et  al , 1 97 3 ) .  All  

mic roorganisms r equire 

often i nfluenced by 

wat er for growth . The availabil i t y  o f  wat er i s  

the solu t e s  dissolved i n  the wat er ( o smot i c  

pre s sur e ) .  The wat e r  activity of  a solution provides  a n  i nd i c a t ion  o f  

the avai lability o f  water i n  t hat solu t ion or medium for u s e  by t he 

mic roorganisms (Lawrie , 1 96 6 ; Lechowich ,  1 97 1 ) .  I n  the pre sent 

experiment , S .  suis  wa s inact ivated within o ne day i n  solut ions of  

high salinity ( 1 0 %  and 20% saline solutions ) .  However , the add i t i o n  of  

yea s t  t o  these solut ions signif icantly extended the period o f  surviva l 

t o  five days . The s e  strongly saline solutions have a l ow wat er 

act ivity and hence wat er is  not freely available for u s e  by the 

bact eria . However t he corrosion produc ed , the risk o f  salt t oxic i t y  t o  

the pigs , and the impairment o f  bactericidal action by organic mat t er , 

wou ld prec lude the u s e  of  saline solut ions a s  cleans i ng agent s i n  the 

piggery . 

The ability t o  grow in a 6 . 5% saline broth has been  u sed a s  a 

test  for differ ent iat ing between some group D streptococci  ( St r a t ford , 

1 9 7 7 ) . I n  this experiment the number o f  S .  suis type 1 i n  a 6 . 5 % 

saline yeast solut ion did inc r ease  slight ly before r educing within six 

days . This same strain o f  organism did not grow in a 6 . 5% saline brot h  

( Chapt er I I I ) .  The i nability to  grow in 6 . 5% broth was described by 

Hommez et al ( 1 986 ) as a def init ive charac t eristic of S .  sui s . I n  a 

solut ion of 6 . 5% saline without yeast they survived for o nly two days 

with  no increase in t heir number . 

Streptococcus suis survived for up to 20 days in a physiological  

saline solution . This  was the longest period of survival in the s a l i ne 

conc entration experiment s .  This result was ant ic ipated due t o  the 

s imilarity between  the osmo t ic pres sure o f  this solution a nd that  o f  

body f luids . At a saline c onc entration o f  0 . 9% ;  t h e  wat er act ivit y  i s  

above 0 . 99 ,  c lo s e  to the opt imum for  most spec ies  o f  bac t eria 

( Lechowich , 1 97 1 ) .  This availability o f  water may account for  t he long 

period of  survival in solut ions wit h  this saline concent r a t ion . 

Streptococcus suis survived for up to four days in d i s t i l led wat er a nd 

up t o  1 2  days in distil led wat er with  5 %  yeast . C l i f ton-Had ley a nd 

Enright ( 1 984 ) believed that the advantage of wat e r  in c leaning a 

piggery was in i t s  diluting abilit i e s , r ather than any bact er i c idal  

ac t i o n .  The ability  o f  S .  suis t o  survive for up  t o  two weeks i n  a 
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s o lution o f  d i s t i l led wat er and 5 %  organic mat t er suppo r t s  t hi s  

hypothesis . 

The capa c i ty-use d i s infect a nt t e s t  that was used t o  determine t he 

e ffec t ivene s s  o f  disinf e c t ant s ,  showed t hat two o f  t he d i s i nf ec t ants 

t es t ed were c a pable of  i nac t ivat ing S .  sui s . Although disinf e c t a nt s  at  

dilut ions far lower t ha n  those  recommended by the manufacturers  c ould 

kill  S .  sui s , the addition of  yeast  t o  simulat e the pre senc e o f  

organic mat t er int erfered with  the a c t io n  of  two disinfect ant s .  These  

disinfectant s ,  whe n  diluted  to  the manufac t urers spe c ificat ions , c o u ld 

not destroy S .  suis  when organic mat ter was present . I t  i s  i nt er e s t ing 

to not e  that Mu l t ikleen , which was marketed and promo t ed as  a 

disinf ec t ant , i s  i n  f a c t  only pot a s s ium hydroxide . The bac t er i c idal 

ac t ion is presumably assoc iated with the alka line c o nd i tions it  

produc es . Thi s di sinfec tant was rec ommended for use at  two d i lut ions , 

2 . 5%  ( pH 1 1 . 6 )  and , when organic mat t er is  present 5 %  ( pH 1 1 . 8 ) .  

Clifton-Hadley and Enright ( 1 98 4 )  showed that S .  suis type 2 was 

rapidly kil l ed ( i n  less than o ne minute ) by disinfect ant s t ha t  were 

routinely used by Bri t ish pig f armers , even when the di sinfec t ant s 

were used a t  d i lutions far less  tha n  that recommended by the 

manufacturer s . However , all  their disinfectant experiment s were 

performed i n  d i s t i lled wat er and the e f f e c t  of  organic mat eria l o n  the 

disinfectant was not invest igated . The presenc e o f  dus t , feed and 

faeces in the environment o f  most  piggeries  could seriou s ly impair  the 

capabilities  o f  many disinfectant s .  Low dilutions o f  liquid soap have 

been shown t o  i nac t ivat e  S .  suis type 2 ( Anon ,  1 980 ) and C l i f t on­

Hadley and Enright ( 1 98 4 )  recommended that washing hands wit h  soap and 

wat er was a sat i s factory way o f  removing skin contamination o f  S .  suis 

type 2 .  However , the ef fec t iveness  o f  this skin decontaminat i o n , would 

depend mor e  on t he d e tergent propert i e s  of  soap rather than i t s  

disinfec t i ng abil ities . 

In  t hi s  series  o f  experiment s ,  yeas t  or faece s  wer e  added t o  the 

solutions i n  a n  a t t empt to simulate  the presence o f  the organic mat ter 

that is found in a l l  pigger i e s . The addition of  this mat er i a l  

increased t h e  duration o f  surviva l o f  S .  sui s  in a l l  solut ions 

irrespect ive of the pH , saline c once ntrat ion or t emperature o f  the 

solution . This i ncreased survival t ime may be assoc i a t ed with  t he 

c lumping o f  bac teria around and in the organic mat er i a l . This may 

produce a mic r o -environment pro t e c t i ng the organi sms from the 
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bactericidal and bac t er iostatic act ions of t hese solutions . However , 

it  was surprising that organic matter enhanced the survival o f  

bacteria i n  solut ions maintained a t  differ ent t emperatures . 

I n  this chapt er , S .  suis has been found to  be suscept ible t o  a 

number of insult s ,  i nc luding high temperatures and pH , dessica t io n , 

low pH and hypert o nic solut ions . However , if these factor s  were 

employed in a piggery , t here would only be a t emporary reduct ion  i n  

the environmental  c o nt amination with S .  suis because of  t he c ont i nuous 

r einfection of the e nvironment 

pigs from S .  suis  present 

from the resident pigs . 

in the environment is  

The risk to 

of doubt f u l  

c onsequence . As c arriers  a r e  t h e  main means f o r  spread of  i nf e c ti o n  

between pigs , the v a l u e  of taking extra spec i f i c  precaut ions t o  r educ e 

the environmental  c o nt aminat ion wit h  S .  suis is doubt ful .  

CONCLUSIONS 

1 .  Streptococcus suis  survived in solutions wit h  a range of pH ' s .  The 

addition of faec e s  to the solutions ext ended this period of surviva l . 

2 .  Streptococcus suis  survived for up t o  1 5  weeks when  frozen i n  a 

solut ion of physiological  saline containing yeast . 

3 .  At a temperature of  60°C ,  S .  suis were inac tivated within two 

_minutes . 

4 .  Streptococcus  s u i s  wer e  rapidly inact ivated in strongly hypertonic 

solut ions . 

5 .  Streptococcus  s u i s  c ould survive for  up to  2 0  days i n  solu t ions of  

physiological s a l i ne a nd yeast , and survived in  distil l ed water  a nd 

yeast for up t o  1 1  days . 

6 .  Streptococcus  s u i s  were resistant t o  dessication on glass  c over 

slips , surviving for  u p  t o  eight weeks . 

1 20 



7 .  Although d i s infec tant s , at  dilut ions less  than that rec ommended by 

the manufacturer s ,  c ould inac t ivate S .  sui s , the 

mat ter seriously  impaired the bac t eric idal 

disinf ec t ant s . 

pre senc e o f  organic 

capabi l i t i e s  o f  t he 

8 .  The value o f  r educing environmenta l  c ontamination with S .  suis  in 

the hope of decreasing rates of infect ion in  pigs i s  probably minima l . 
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INTRODUCTION 

CHAPTER V 

THE PREVALENCE OF STREPTOCOCCU S SUI S  IN PIGS 

THE RESULTS OF A CROSS-SECTIONAL SURVEY 

B o th S .  s u i s  t y p e s  1 and 2 are carried withi n the pala t i ne 

t on s i l s  o f  h e a l t hy ,  a ppa rently no rmal pigs (Wi l liams e t  a l ,  1 9 7 3 ;  

C l i f t o n-Ha d l ey and  A l exand e r , 1 9 8 0 )  a nd mo s t  i solates  of  these 

o rgani sms have been recovered from this s i t e .  St reptococcus sui s has 

also been i so l a t e d  f rom o ther t i ssues of  heal thy pigs including the 

supramammary lymph nodes ( Carpio , 1 9 7 8 ) , blood and j o i n t s  ( C lif t on­

Had ley and Al exander , 1 98 1 ) .  The percentage o f  carr i ers de tected by 

workers has var i ed wi t h  d i f ferent herd s , as wel l  as wi t h  di f fe rent  

groups o f  pigs  f rom the  same herd , as is  seen i n  Table 2 . 6 .  

The p i gs i nves t i ga t ed i n  this  survey were sampled only once , 

t h e r e f o r e  t he r e sul t s  recorded i n  thi s se c t i on ind i c a t e  only t he 

presence of i nfe ct i on a t  one pa r t i cular  t ime ra ther than the carriage 

o f  infe c t i on ove r a per i od of t ime.  In the d is cussion of the result s  

i n  this cha pt e r , i t  i s  sugges ted tha t this  prevalence ra t e  i s  a t rue 

indi ca ti on of the carri e r  ra t e .  

Although i nfec t i on o f  pigs wi t h  S .  sui s has been i nve s t igated by 

many workers , few s tudies  have been carried out  on the d evelopment of  

anti bodi e s  t o  this  o rgan ism. The ELISA whi ch offers the  advantages of  

simp l ici ty ,  s pe ed and enables the  t e s t i ng _ o f  large numbers of sera at  

one t ime , was used i n  the present i nve s t .i ga t i on to  s t udy the  se ra­

epidemiology of i nfe c t i ons of S. sui s .  

The work out lined i n  this cha p t e r  was undertaken t o  i nve s t i ga t e :  

1 .  The percentage o f  pala t i ne t ons i l s  infected wi th s .  s u i s  

types 1 a n d  2 f rom pigs  ori gina ting from d i f f e rent herd s , 

age and sex groups.  
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2 .  The pres ence of S .  suis  in  o ther body o rgans that we re 

ava i lable for exam i na t i on after  pigs had been s laughtered a t  

a meatwo rk s .  

3 .  The percentage o f  S .  sui s  detec t ed from l ive , apparent ly 

normal pigs  sampled wi thin  a p i ggery .  

4 .  A s tudy o f  the level  o f  an t i body i n  a cross-sec t i on of 

pigs 

5. Inve s t i ga t i on of the an tibody leve ls in feral pigs 

MATER IALS AND METHODS 

Aba t to i r  Samples 

Samples were collected from appa rent ly heal thy pigs slaught e red 

a t  a mea twork s . The p a l  a t i ne t ons i l s , submandibular lymph node s , 

fema le and ma le reproduc t ive t rac t s , and samples of l iver and lung 

we re collec ted f rom pigs wi thi n 30 minutes  o f  s laughte r .  The t i ssues 

we r e  r e t u rned to  the labora tory and cul tured wi thi n two hours of 

coll e c t i on .  An I . F . A . T . for  bo th s .  suis  types 1 and 2 was pe rformed 

on the primary g row th as descri bed in Chapter  III . The class ( porke r-

1 6  weeks of age , baconer - 22 weeks old or chopper/back-fat ter - cull  

sows o r  boars ) ,  sex and herd of  or igin  we re recorded for  a l l  pigs  

sampled.  The he rd s i ze (number  of breedi ng sows ) was determi ned by 

e i t h e r  contacting the owner or by using records kept by the Pork 

Indus t ry Counc i l , Palmerston North , New Z e a land. 

B lood Samples 

Blood sampl e s  we re col lected from pi g s  e i th�r at  the meatworks or 

at t he pigge ry . Pigl e t s  we re bl ed f rom the cepha l i c  vein and larger 

pigs sampled f rom e i t her the ear ve i n  o r  the ante rior  vena cava ( Carle  

and Dewhi rs t ,  1 9 4 2 ; Hoe rlein e t  al , 1 95 1 ; Mackenzi e ,  1 9 6 1 ) .  B lood was 

co llec ted in s te r i l e  vacu-containers 1 contai ni ng 0 . 5 ml of 3 . 8% sod i um 

c i t ra t e  a n t i c o a g u l a n t  s o l u t i o n , o r  d i r e c t ly i n t o  p l a i n  s t e r i le 

1 Venoj ect , Terumo , Tokyo , Japan 
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conta iners . One ml  of  blood was removed and inocula ted into 20  m l  of 

s t e r i l e  To d d  H e w i  t t  Broth2 . At  the aba t t oir , blood was col lect ed 

during exsanguina t i on i n t o  s t erile  contai ners wi th no anticoagulant 

and added d i rect ly to  the broth wi thi n a few minutes of co l lect i on. 

Thi s  broth was i ncuba t ed for 18 hours at 3 7 °C.  If bacterial  growth was 

p resent , swabs we re t aken and examined by an  I . F . A . T . for  both S .  s u i s 

types 1 and 2 ,  as  described i n  Chapter  I I I . 

Blood was also  collected from l ive and s laughtered pigs f o r  the 

removal of serum .  The blood was collected in s t erile containers  and 

t h e  s e rum removed by pipe t te 24 hours later.  Sera was f rozen and 

s t ored at -20°C. The owne r , sex and class  of pig (age ) were recorded 

for all pigs bled . Frozen serum was also  avai lable f rom feral pigs 

ki l led in the North Is land of New Z ealand i n  the period 1 982 to  1 983 

and co llected by Dr L.M.  Scho lium. Informa t i on on the sex ,  s iz e  of pig 

( young o r  f u l ly g rown / a d ul t )  and r e g i on the pig came f rom was 

avai lable for  each of these samples . 

Samples collected f rom Live Pigs 

Nasal swabs were collected from pigs  of dif ferent age groups from 

one herd ( He rd 1 - Tables 5 . 1 and 5 . 2 ) .  In pigle t s  less  than four 

weeks of age , E . N . T. swabs) were used whi l s t  the larger Hospi swabs3 

we re used for  older  pigs . The swab wa s i ns e r t ed one to  two cm i n t o  the 

nasal  cavi ty  and rotated on the mucosa.  Pigs less than twe lve weeks of 

age we re hel d  i n  the arms of an a t t endant whi l s t  older pigs were 

rest rained with  the aid of a snout rope . Vaginal , rectal  and pre put ial  

swabs were a l s o  collec ted f rom t he older  pigs.  For  these  samples ,  

Hospiswabs3 were i nse rted two to  three cm and rota ted on the mucosa.  

Samples of  expres sed mi lk and colost rum , and swabs of  the skin around 

the tea t s  of lactati ng sows we re also  collected.  Swabs were pla ted 

onto sheep b lood agar  wi thin two hour s  of  collec t i on and an I . F . A . T .  

was performed on the ba c terial  growth a s  previously descr i bed . 

2 Gibco Diagno s ti c s , Madi son , Wi scon si n ,  U . S . A .  

3 Medical Wi re and Eq ui pment Co. Ltd . , Corsham , 
Wi l t shi re , England 
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HERD 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
32  
33  
34  
35  
36  
3 7  
38  
39  
40 

TOTAL 

TABLE 5 . 1 

I SOLATI ON RATE OF S .  SUI S  TYPE 2 FROM THE PALAT INE 
TONSILS OF SLAUGHTERED PIGS 

HERD SIZE NUMBER MALE FEMALE 
BREEDING OF P I GS CARRIERS CARRI ERS 

sows EXAMINED % % 

60 9 1  88 8 9  
1 80 4 3  8 3  84  
200  6 4  76  68  
350  67  65  6 3  

80 3 9  70 6 3  
70 8 67  60  

220  2 8  6 9  9 2  
70 1 4  90 7 5  

2 30 2 9  80 7 8  
5 4 100 100 

1 10 46  48 84  
1 5  1 4  86 86 

350011 9 50 1 0 0  
200 6 67  6 7  
40011 1 4  86 86 
2 00 1 6  7 5  7 5  

80 9 7 5  4 0  
200 5 0 7 5  

30 1 0  6 3  100  
1 4 100 6 7  
0 2 50  
1 3 6 7  

200 5 100 75  
0 2 100 
0 1 100 

30 3 6 7  
0 1 1 00 

20 1 l OO 
1 2 0  1 2  1 00 8 3  

1 4 so l OO 
1 7 1 00 7 5  
0 2 so 
0 1 l OO 
0 1 0 
0 2 0 0 
0 1 100 

30 6 so 
60 5 60  

lOO 6 so 
60 5 80 

5 9 0  74 76 

U - Total number of stock  

1 2 5  

TOTAL 
CARRIERS 

% 

8 9  
8 4  
72  
64 
67  
62 
78  
86 
7 9  

100 
67  
86 
67  
67  
86 
7 5  
5 6  
60 
70  
75  
s o  
67  
80 

100 
100 

6 7  
100  
100 

92  
7 5  
8 6  
s o  

lOO  
0 
0 

100  
so 
60  
5 0  
8 0  
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HERD 
NUMBER 

1 
2 
3 
4 
5 
6 
9 

1 1  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22  
23  
24  
2 5  
26  
27  
28  
2 9  
3 1  
3 2  
33  
34  
3 5  
36  
37  
38  
3 9  
40 

TOTAL 

TABLE 5 . 2  

I SOLATION RATE OF S .  SUI S  TYPE 1 FROM THE PALATINE 
TONSILS OF SLAUGHTERED PIGS 

HERD SIZE NUMBER MALE FEMALE 
BREEDING OF P I G S  CARRI ERS CARRI ERS 

sows EXAMINED % % 

60 83  6 3  48  
1 8 0  2 6  3 3  5 7  
2 00 3 7  5 3  56  
3 5 0  4 3  56  3 8  

8 0  1 4  2 5  50  
70 5 0 50  

230 1 7  3 3  6 3  
1 1 0 2 3  40 38  
400/f 7 3 3  7 5  
2 00 1 6  6 3  6 3  

8 0  9 2 5  60  
200 5 0 50 

30 1 0  7 5  50 
1 4 100  0 
0 2 1 00 
1 3 6 7  

2 00 5 l OO 0 
0 2 1 00 
0 1 0 

30 3 6 7  
0 1 0 

20 1 1 00 
1 2 0  1 2  3 3  50 

1 7 6 7  7 5  
0 2 50 
0 1 1 0 0  
0 1 1 00 
0 2 0 1 0 0  
0 1 0 

30 6 3 3  
6 0  5 6 0  

lOO 6 50 
60 5 40 

3 6 5  5 1  50 

# - Total number of  pigs 

1 2 6  

TOTAL 
CARRI ERS 

% 

5 5  
4 6  
5 4  
4 9  
3 6  
40 
4 7  
3 9  
5 7  
6 3  
44 
40 
70  
25  

1 00 
6 7  
2 0  

lOO 
0 

6 7  
0 

l OO 
42  
7 1  
50  

lOO 
100  

50  
0 

3 3  
6 0  
50  
40 
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ELI SA Technique 

The ELISA as  out li ned earlier in  Cha pter I I I  was used wi th  an 

antigen d i l u t i on of 1 / 1 6  for  both S .  sui s types 1 and 2 ,  a conj uga te 

d i lu t i on of 1 /2000 and doubling serum d i lutions of 1 /50 t o  1 /400.  

Us ing these d i luti ons 24  se ra could be t e s ted per  plate.  Howeve r ,  on 

each day of tes t ing a con t ro l  sample of sow serum was also inc luded as 

one of the se ra to be tes ted.  Thi s  was done to check on the prec i s i on 

o f  the tes t .  

Determina t i on o f  antibody t i t re 

The ant i body t i t re of each serum sample was ca lcula ted by the 

f o l lowi ng p rocedure. U s i ng l i nea r reg ress i on ,  a s t ra i gh t  l i ne was 

ca lcula ted for each sample tha t  followed the rela t ionship of the log 

of  the inverse d i lution of  the sample wi th  the abs orbance reading a t  

t ha t  d i l u t i o n .  Th i s  l i ne w a s  e x t rapo l a t e d t o  i ntersect  wi th an 

absorbance reading of 0 . 1 .  The antibody t i t re at thi s point  was then 

calcula ted by taki ng the i nve rse of the ant i-log of the ex t rapola ted 

value . The ave rage t i t re of  a number o f  sera was determined by taking 

the geomet r i c  mean of these ca lcula ted t i t res .  

RESULTS 

In Tables  5 . 1 and 5 . 2  the propo r t ion of pa la t i ne tons i l s  of pigs 

i n fec t e d  wi t h  s .  s u i s t y p e s  2 and 1 r e s p e c t i v e ly i s  r e c orded . 

S t reptococcus sui s type 2 was detected i n  7 5% of 590  pigs examined , 

an d  s .  s ui s  t y p e  1 i n  5 1 %  of 3 6 5  pigs . There was no signi f i cant 

d i f f e rence ( p  > 0 . 6 ) be tween the preva lence of i nfect i on for male and 

female pigs for ei ther S. sui s types 1 or 2 .  The ave rage ra tes of 

infection we re s imilar i n  all the la rger herds from whi ch many pigs 

were sampled . Herds wi th  more than f i f ty sows had a range of  i n fe c ti on 

of  S .  suis type 2 from 50 to  92% wi t h  a mean of 7 2 % .  Wi t h  respect to 

S .  sui s type 1 t hese herds had a range of infec t i on f rom 20  to  60% 

w i t h  a m e a n  i nf e c t i on ra t e  of 4 5 . 3 % .  Howeve r there were marked 

var iations i n  de tected infec tion rates  i n  the smalle r herd s ,  whe re few 

pigs were examined , even though these smaller  he rds had a s imi lar mean 

infect ion rate  to the large r  herd s .  Herds wi th  less than f ive breeding 

s tock had a range of i nfect ion f rom 0 %  to  lOO% for s. sui s type 2 
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(mean infection rate of 7 1 . 6% )  and 0% to  1 00% for s. sui s type 1 (mean 

infe c t i on ra t e  of 5 5 . 25% ) .  Rates  recorded for  herds 37 to 40 from the 

Sout h  I sland of New Zealand we re s imilar  to those repo rted from the 

Nor t h  I s land . 

Table  5 . 3  records the d i f f e rent percentages of tons i l s  i nfected 

wi t h  s. sui s types 1 and 2 i n  porke rs , baconers and choppe rs . Fo r both 

s .  suis types 1 and 2 ba coners had the highest  rate of infect ion ( 5 2% 

for s. suis type 1 and 7 6% for  S.  sui s type 2 ) .  The percent age of 

tonsi ls of po rkers i nfec t ed wi th  S.  sui s  types 1 and 2 was 49% and 68% 

r e s p e c t i v e ly , and in choppers it was 40% and 60% . However these 

d i f fe rences we re not s igni f i cant (p > 0 . 2 ) .  

T a b l e  S .  4 shows t h e  pe r c e n t ag e  o f  samp l e s , o ther than the 

pa l a t i ne t ons i l s , f rom whi ch S. suis  was i sola ted . St reptococcus sui s 

type 2 was de tected mos t f requen t ly in  the submand i bular lymph nodes , 

wi t h  8 . 3% infec t ed whi l s t  S .  sui s type 1 was detected mos t f requen t ly 

i n  the u t e rus , w i th 4 .  5 %  of the swabs of the prima ry growth showi ng 

pos i t ive f luores cence on the I . F . A . T . St reptococcus sui s type 1 was 

d et ect ed  i n  4 . 2% of the s ubmandi bular lymph nodes and S .  sui s type 2 

was detec ted i n  6 . 4% of the u t e r i  examined . St reptococcus sui s type 2 

was de tec ted i n  the seminal vesi cles ( 3 .  4% ) ,  vagi na ( 2 .  5 % ) , j oints  

( 5 . 5 % )  and blood ( 3 . 0% )  o f  s laughtered pigs , howeve r  S .  suis  type 1 

was no t detected  in any o f  the s e  t i ssue s .  Nei ther S .  s u i s types 1 nor 

2 we r e  d e t e c t e d i n  any normal lung t i s sue , te13 t es , e p i d idymides , 

c e rvices  or muscle sample s  t e s ted.  There was no signi f i cant d i f ference 

( p > 0 .  1 )  b e tween the p re sence of  S. suis  types 1 and 2 f or the 

d i f fe ren t organs and ti ssues exami ned . 

In Tabl e  5 . 5  the pe rcentage of uteri  i nf ected  wi th S .  sui s i s  

l i s ted  for each c lass of  pig  examined . St rept ococcus sui s  types 1 and 

2 were detec ted more f requent ly in the uteri of the o lder choppers 

( cu l l  sows ) ( 1 1 . 1 % and 1 1 . 1 % ) ,  fol lowed by the baconers ( s ix months 

old ) ( 2 . 9% and 5 . 8% ) .  No s. sui s was de tec t ed i n  the uteri of the 

young er  porkers ( four months old ) .  There was no signi f i cant d i f ference 

be tween the three groups ( p  > 0 . 1 ) . 

Tab l e  5 . 6  records  the p roportion of  pigs , f rom different age 

g r o u p s , wi t h  nas a l  swabs pos i t ive for s. sui s .  S t reptococcus s u i s 

type 1 was no t detected i n  any pigl e t s  younger than two days of  age .  
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TABLE 5 . 3  

AGE ( CLAS S )  SPECIFIC  RATES OF  INFECTION WITH S .  SUI S  IN THE 

PALATINE TONSILS  OF SLAUGHTERED P I GS 

CLASS 
OF 

PIG  

Porkers 

Baconers 

Chopper s -
Backfat t er s  

S .  SUI S  TYPE 1 

NUMBER NUMBER O F  
EXAMINED INFECTED TON S ILS 

( % )  

57  2 8  
( 4 9 )  

2 9 8  1 5 5  
( 52 )  

1 0  4 
( 40 )  

S .  SUI S  TYPE 2 

NUMBER NUMBER OF 
EXAMINED INFECTED TONSILS  

( % )  

76  52  
( 68 )  

501  3 8 1  
( 7 6 )  

1 3  9 
( 6 9 )  
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TABLE 5 . 4  

I SOLATION OF S .  SUI S  FROM SAMPLES OTHER THAN THE PALAT INE 

TONS I L  COLLECTED FROM SLAUGHTERED PIGS 

TISSUE 

Liver 

Pneumonic Lung 

Norma l Lung 

Submandibular 
Lymph Node 

Testes 

Epididymes 

Semina l  
Vesicles 

Uterus 

Cervix 

Vagina 

Joint s 

Muscle 

Blood 

S .  SUI S  TYPE 1 

NUMBER 
EXAMINED 

1 1 4  

8 6  

2 4  

2 4  

3 2  

3 8  

2 7  

1 1 0 

4 6  

3 4  

1 8  

2 2  

9 9  

NUMBER OF 
PO SITIVE 

SAMPLES ( % )  

1 ( 0 . 9 )  

1 ( 1 .  1 )  

0 ( 0 . 0 ) 

1 ( 4 . 2 )  

0 ( 0 . 0 ) 

0 ( 0 . 0 )  

0 ( 0 . 0 )  

5 ( 4 . 5 ) 

0 ( 0 . 0 ) 

0 ( 0 . 0 ) 

0 ( 0 . 0 )  

0 ( 0 . 0 ) 

0 ( 0 . 0 ) 

S .  SUI S  TYPE 2 

NUMBER 
EXAMINED 

1 1 4  

6 5  

2 4  

2 4  

3 2  

40 

2 9  

1 1 0 

46  

40 

18  

22  

9 9  

NUMBER OF 
POSITIVE 

SAMPLES ( % )  

3 ( 2 .  7 )  

3 ( 4 . 6 )  

0 ( 0 . 0 )  

2 ( 8 . 3 )  

0 ( 0 . 0 )  

0 ( 0 . 0 )  

1 ( 3 . 4 )  

7 ( 6 . 4 )  

0 ( 0 . 0 ) 

1 ( 2 . 5 )  

1 ( 5 . 5 )  

0 ( 0 . 0 )  

3 ( 3 . 0 )  
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CLASS 
OF 

P I G  

Porkers 

Baconer s 

Choppers -
Backf a t t ers 

TABLE 5 . 5  

THE PREVALENCE OF UTERI INFECTED WITH S .  SUI S 
DETECTED AT THE MEATWORKS 

S .  SUI S  TYPE 1 

NUMBER NUMBER OF 
EXAMINED PO SITIVE SAMPLES 

( % )  

1 4  0 
( 0 . 0 )  

6 9  2 
( 2 . 9 ) 

2 7  3 
( 1 1 . 1 )  

TABLE 5 . 6  

S .  SUI S  TYPE 2 

NUMBER NUMBER OF 
EXAMINED POSITIVE SAMPLES 

( % )  

14  0 
( 0 . 0 )  

69  4 
( 5 . 8 ) 

27  3 
( 1 1 . 1 ) 

THE PREVALENCE OF NASAL CHAMBERS INFECTED WITH S .  SUI S  IN L IVE P I G S  

s .  SUI S  TYPE 1 s .  SUI S  TYPE 2 
CLASS 

OF NUMBER NUMBER OF NUMBER NUMBER OF  
P I G  EXAMINED POS ITIVE SAMPLES EXAMINED POSITIVE SAMPLES 

( % )  ( % )  

2 Days 49  0 49 1 
( 0 . 0 )  ( 2 . 0 )  

2 -7 days 8 5  2 0  90 1 5  
( 2 3 . 5 )  ( 1 6 .  7 )  

1 -4 weeks 6 8  2 6  70 2 0  
( 38 .  2 )  ( 28 . 6 )  

Weaners 6 9  40 6 9  4 1  
( 50 .  7 )  ( 5 9 . 0 )  

Porkers  34  1 8  46 2 4  
( 52 . 9 )  ( 52 . 0 ) 

Baconers  52  2 2  52 2 5  
( 42 . 3 ) ( 48 . 0 )  

Chopper s  4 5  2 2  82 47 
Backfatters ( 48 . 9 )  ( 57 . 0 ) 

1 3 1  



However ,  2 %  of pigl e t s  of thi s age , were i nfected wi th S .  suis  type 2 .  

Th e s e  p i g l e t s  wi t h  po s i tive nasal  swabs for  s. sui s type 2 ,  a l l  

origina t ed f rom sows wi th  pos i t ive vaginal swabs f or thi s organism.  

The percentage of pos i t ive nasa l  swabs i ncreased , for  both S .  sui s 

types 1 and 2 ,  un t i l  the pigs were weaned a t  approxima tely f ive weeks 

of age .  Af t e r  weaning , the prevalence remained rela t ive ly cons tant a t  

the SO% l evel f o r  bo th  s. sui s  types 1 and 2 .  

The pe rcentage of pigs f rom whi c h  S .  sui s was i sola t ed f rom s i tes  

o ther than the  nasal  cav i ty ( vagina , prepuce ,  rectum , mi lk/colost rum 

and skin around the teat ) are l i s ted i n  Table  5 . 7 .  St rept ococcus suis  

was no t de tec ted in any of the rec t a l  o r  p reputia! swabs .  When the 

vaginas of the sows and g i l t s  were examined , 9 . 4% and 1 1 . 3% were shown 

t o  have S .  sui s types 1 and 2 present respe c t i vely. St re ptococcus sui s 

type 1 was de tec t ed on the ski n surrounding the tea t s  of 3 . 2% o f  the 

lacta t i ng sows and g i l t s  examined , and S .  sui s type 2 f rom 9 . 4% .  No 

s. sui s type 1 we re detected i n  mi lk or  colos t ral  samples , however  

9 . 1 %  of  these samples were po s i t ive for S .  sui s type 2 .  

Table  5 . 8  re cords the percentage o f  vag inal swabs pos i t ive for 

S .  sui s  f rom three classes of females .  A l l  vagi nal swabs from non­

pregnant ,  unma ted gi l t s  were nega t ive for bo th  s. sui s types 1 and 2 .  

The h i g he s t  p r o po r t i o n  o f  p o s i t i ve swabs was found i n  lact a t i ng 

animal s  ( 1 5 . 7 %  for both s. sui s types 1 and 2 ) .  Non-lacta t i ng ,  yet  

p regnant ,  sows and gi l t s  we re shown to have 9 . 3% and 1 2 . 4% of thei r 

vagina l swabs pos i tive for  s. s u i s  types 1 and 2 res pe c t ively .  The re 

was a s i gni f i cant d i f fe rence ( p  < 0 . 0 5 )  be tween the lact a t ing s tock 

and the unmated gi  l t s , howeve r  the re was no signi f j  cant d i f f e rence 

( p  ) 0 . 0 5 )  be tween the three g roups ( unma t ed , pregnant and lacta t i ng) . 

Tab l e  5 . 9  records the d e t e c t ion of  bacteraemia of  s. sui s i n  

l ive , a p p a r e n t ly  no rma l p i g s . S t reptococcus suis type 1 was only 

d e t e c t e d  i n  t h e  b l oo d  of s uc k i ng p i g l e t s , wi th  1 1 . 1 % affected .  

S t re p tococcus suis  type 2 wa s d e tected i n  the blood o f  9 .  7 %  o f  the 

suckers , 1 0 . 0% of the weaners and 5 . 5% of the porkers , but not f rom 

any o f  the bacone rs or breeding s tock. 

Figure 5 . 1 i s  a plot of  the geome t r i c  means and the range of 

t i t re s  for s. sui s types 1 and 2 for the different  age groups of  

domes t i c  pigs sampled.  There was an i ncrease in  the mean ti t re s  as 
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TABLE 5 . 7  

ISOlATION OF S. SUIS FRCM SITES OTHER THAN THE NOSE I N  LIVE PIGS 

S .  SUIS TYPE 1 S .  SUIS TYPE 2 

SAMPLE NUMBER NUMBER OF NUMBER NUMBER OF 
SITE EXAMINED POSITIVE EXAMINED POSITIVE 

SAMPLES SAMPLES 
( % )  ( % )  

vagina 159 15 159 18 
( 9  . 4) ( 11 . 3) 

Prepuce 26 0 26 0 
( 0  . 0) ( 0 .  0 ) 

Rectum 48 0 68 0 
(0  . 0 )  ( 0  . 0 )  

Milk/Colostrun 22 0 22 2 
(0 . 0 )  (9  . 1) 

'l'eat skin* 32 l 32 3 
( 3 . 1) ( 9  . 4 )  

* - lactating sows 

TABLE 5 .8 

IOOIATION OF S. SUIS FRGM THE Vl\GINAS OF LIVE PIGS 

S .  SUIS TYPE l S .  SUIS TYPE 2 

SAMPLE NUMBER NUMBER OF NUMBER NUMBER OF 
SITE EXAMINED POSITIVE EXAMINED POSITIVE 

SAMPLES SAMPLES 
( % )  ( % )  

Non-lactating 
Pregnant sows 97 9 97 12 
and Gilts ( 9 . 3 )  ( 12 . 4 )  

Non-pregnant 
Lact?ting 38 6 38 6 
sows ( 15 . 7)  ( 15 . 8 )  

Non-pregnant 24 0 24 0 
Gilts ( 0 . 0) ( 0 . 0 )  



TABLE 5 . 9  

PREVALENCE OF BACTERAEMIA DUE TO S .  SUI S  IN L IVE PIGS 

CLASS 
OF 

PIG 

Suckers 
0-4 weeks 

Weaners 
5-8 weeks 

Porkers 

Baconers 

Breed ing 
Stock 

S .  SUI S  TYPE 1 

NUMBER 
TESTED 

54 

30 

1 4  

1 2 

10 

NUMBER WITH 
BACTERAEMIA 

( % )  

6 
( 1 1 . 1 )  

0 
(0 . 0 )  

0 
( 0 . 0 )  

0 
( 0 . 0 )  

0 
( 0 . 0 ) 

S .  SUI S  TYPE 2 

NUMBER 
TESTED 

72 

30 

1 8  

1 3  

1 0  

NUMBER WITH 
BACTERAEMIA 

( % )  

7 
( 9 .  7 )  

3 
( 1 0 . 0 ) 

1 
( 5 . 5 )  

0 
( 0 . 0 )  

0 
( 0 . 0 )  
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FIGURE $. 1  

RANGE OF TITRE S  TO S .  SUI S  TYPES 1 AND 2 IN PIGS 
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pigs go t o l de r .  In the same group of  pigs , the re was a g rea ter  range 

for t i t re s  to s. sui s type 1 than for t i t res to s. sui s  type 2 .  There 

was no s igni f i cant di f fe rence in  the geome t r i c  mean t i t re s  for pigs of 

s im i l a r  a g e  g r o ups o r i gi na t ing f rom d i f f e rent herd s ( p  > 0 . 5 for  

S .  sui s type 1 and p > 0. 1 for s .  suis  type 2 ) .  There was also no 

s i g n i f i ca n t  d i f f erence in the t i t re s  for pigs of d i f f erent sexes 

( p  > 0 . 5 )  f o r  bo th s .  sui s  types 1 and 2 .  

Table 5 . 1 0  shows the reciproca l o f  the geome t r i c  mean and range 

of ti t re s  for s. suis in bo th  sexes of feral pigs of two d i f ferent age 

g roups . There was no s ignif i cant d i f fe rence between the t i t res for 

male s  and females  for  S .  sui s types 1 or 2 (p  > 0 . 2 ) .  The re was also 

no signi f i cant d iffere nce be tween the age and t i t re for s. sui s type 1 

( p  > 0 . 3 )  and f o r  S .  sui s type 2 ( p  > 0 . 9 ) ; al though wi th S .  sui s type 

1 t he re appeared to be an apparent i ncrease in  the t i t res wi th age . 

However ,  t here was a s i gni f i cant d i f fe rence ( p  < 0 . 00 1 )  between t i t res 

t o  S .  sui s types 1 and s .  sui s type 2 i n  both age g roups . 

DISCUS SION 

In this survey each pig was sampled only once , therefore the 

result s  recorded he re describe the pe rcentage of pigs i nfected wi th 

s. suis a t  one pa r t i cular t ime and provides data on poi nt preva lence 

(MacMahon and Pugh , 1 97 0 ;  Blackmore and Ha rri s , 1 98 7 ) .  Because of the 

long dura t i on of infe c t i on ( Cl i f t on-Hadley and Al exander , 1 98 4 )  and 

the resu l t s  of work descri bed later , i t  can be assumed tha t the p i gs 

d e t e c t e d  a s  i n fe c t e d w i t h  S .  s u i s w e r e  i ndeed carri e r s  of thi s 

organi sm.  Carri e rs have been defi ned as appa rently unaffected animal s  

t ha t  a r e  i n f e c t ed f o r  a period of  time and are a l s o  capable of 

t ra n s m i t t i ng t he i nfect i on ( Schwabe et al , 1 9 7 7 ) .  In a series  of  

cross-sect i onal surveys , an animal could be falsely descr i bed as a 

carr i e r  i f  reinfec t i on , ra the r than long term carriage of  the organi sm 

occurred. Such ci rcums tances can occur when there is a suf fici ent ly 

high popula t i on dens i ty to allow cycles  of reinfection or when the re 

i s  a c on t i nu o u s  s u p p l y of  s u s c e p t i b l e  anima l s . In  t he l a t t e r  

circums t ance , the infec t i on could be maintained wi thi n the populati on 

w i t ho u t  long  t e rm c a r r i age by i nd i v i d ua l s , such as occurs wi th  

Le ptospi ra i nt e rrogans se rovar bal lum in Rat tus norvegi cus (Ha thaway 
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AGE 
GROUP 

YOUNG 

ADULT 

TABLE 5 . 1 0 

GEOMETRIC MEAN TITRES TO S .  SUI S  IN FERAL PIGS 

S .  SUI S  

REC I PROCAL OF 
TITRES IN MALES 

( range ) 

90 
( 1 1 -2 8 1 )  

1 4 1  
( 2 7-420 ) 

TYPE 1 

REC IPROCAL OF 
TITRES IN FEMALES 

( range ) 

68  
( 2 2-22 5 )  

1 2 5  
( 32 -40 1 ) 

S .  SUI S  

REC IPROCAL OF 
TITRES IN MALES 

( range ) 

5 5 7  
( 1 2 6 - 1 600 ) 

492 
( 1 7 2 - 1 200 ) 

TYPE 2 

REC IPROCAL OF 
TITRES IN FEMALES 

( range ) 

409 
( 1 34 - 1 000)  

4 1 8  
( 2 76-6 3 3 )  



a n d  B l ac kmo r e , 1 9 8 1 ) .  R e i  n f  e c  t i o n s  c o u l d  a l s o  o c c u r  f rom t h e  

env i r onme n t , o r  f rom o t h e r  an ima l s pe c i e s  whi c h  a r e  t he t r u e  

main tenance hos t s .  However ,  i n  the case of  S .  sui s pigs would appear  

to  b e  t rue carr i e r s  o f  thi s organi sm.  Thi s i s  because of  the  known 

long dura t i on of infection , the lack of any o the r obvious ma int enance 

hos t s ,  and the f i nd i ng in the present i nv e s t igation that the only pi g 

kep t  on one f a rm was i nfected wi th  bo th  s. sui s types 1 and 2 .  As  pigs  

infected wi th s. sui s type 2 can  subseque n t ly deve lop c l i nical  d i sease 

( Cl i f ton-Had ley and A l exander , 1 98 1 ) , a more precise defini t i on of the 

ca r r i e r  s t a tu s  of  pigs i s  tha t  of latent  carr i e r s . Schwabe e t  a l  

( 1 9 7 7 )  c lass i fi ed a iat en t carrier  a s  a n  animal wi th an i nappa rent 

infec t i on tha t was subsequent ly capabl e  of d eve loping s igns of di sease 

probably associ a t ed wi th an a l tered hos t response . Thi s wa s suppo rted 

by C l ausen ( 1 98 0 )  who believed that i nf e c t ion with s.  sui s alone , 

would no t produce d i s ease . He cons ide red tha t  for  di sease t o  occur , 

seconda ry unknown factors mus t a lso be pre sent . A carrier of s. sui s 

c o u l d  be d e f i ned as  a pig wi th  an i nfec t i on of s. sui s whi ch i s  

n o r m a l ly i n a p p a r e n t  but i s  o f  suf f i c ient  dura t i on t o  a l low c ross  

i n f ec t i on t o  a suscepti ble maintenance po pulat ion. Thus , l i ke any 

o t he r l ong t e rm c a r r i e r  of an infe c t i ous agent , the dura t i on of 

i n f e c t i o n  wi t h  s .  s u i s i s  suf f i c i e n t  t o  a l low s p r e a d  be t w e e n  

genera t i ons.  

St reptococcus suis  types 1 and 2 were det ected in  5 1%  and  7 5% 

respectively of the tons i l s  co l lect ed f rom slaught e red pi gs . The re 

were only mino r d i f f e rences be tween the i n f ection ra t e s  for mal e  and 

fema le pigs.  Thi s  simi lari ty in the sex specific infection ra t e s  was 

t o  be expected because of the simi lar handling bo th sexes receive 

wi thi n a mode rn piggery.  The pe rcentage of infected palatine t ons i ls 

f o r  each of the three c lasses  o f  pigs s laughtered ( po rkers , baconers 

and chopper s )  were also simi l a r .  Agai n  these age spe c i f i c  rates we re 

expe c t ed to be compa rabl e because of the rapid spread of i n f e c t i on 

b e tween pigs a t  a n  ea rly age , and the long dura t i on of i nfect ion 

( Cl i f t on-Hadley and Alexander , 1 98 4 ;  Cli ft on-Had ley e t  al , 1 98 4b ) .  

C l i f t on-Ha d l e y  e t  a l  ( 1 9 8 4 a )  r e p o r t ed tha t  i n  1 2  herds the 

percentage of t onsi l lar carri ers of S .  sui s type 2 vari ed f rom 20% to 

90%.  In ba tches of pigs f rom the same piggery the rate  var i ed f rom 0% 

to  1 00% .  In thi s i nve s tiga t i on of 40 herd s , the proportion of t onsi l s  

infec t ed wi th s .  sui s type 2 a l s o  vari ed f rom 0 %  to  1 0 0 % .  Howeve r thi s 
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marked  v a ri a t i on a pp e a r e d  n o t  t o  b e  associated wi th  d i f ferences 

be tween pigger i es , bu t ra ther  wi th the number of pi gs  sampl ed from 

each pigg e ry .  The range i n  prevalence for 1 4  he rds , wi th  more than 1 0  

pigs tes t ed , was 64%  t o  9 2 % .  I n  herds where no infec t ed pigs were 

detected only one or  two animal s  we re sampled. Simi larly for s .  sui s 

type 1 ( Table 5 . 2 ) , the infec t i on rate  var i ed f rom 0% to  1 00% for the 

33 herds t e s t e d .  Thi s  va r i a t i on was reduced to 36% to  70% when only 

t h e  1 0  h e r d s  we r e  cons i d e r e d  f rom whi ch more than 1 0  pi gs were 

sampled . H e rds  which had e i ther no animals detected as i nfected wi th 

S.  sui s types 1 or a l l  animal s  recorded as infected , also had only one 

or two pigs sampled . These find i ngs  d i f fer signifi can t ly from those of 

Cli fton-Hadley et al ( 1 984a) , who demons t rated a marked var i a t i on i n  

the propor t i on of det ectable carriers  ( 0% to  1 00% ) even  when samp l i ng 

ba tches o f  ten animal s  f rom the same herd . Thi s d i ffe rence i n  resu l t s  

may b e  associa ted wi th the u s e  o f  a te s t  o f  lowe r sensi t i vi ty by 

C l i f t on-Hadley e t  al ( 1 984a)  as  d i scussed ea r l i e r  i n  Chapter I J J .  

Based o n  the assumption that the re i s  a 1 00% prevalence o f  i nfec t i on 

wi t h  S .  s u i s , the I . F . A . T . i s  7 5% sensi t ive for the detec t i on of  

s.  sui s type 2 and 5 1 %  for the d e t e c t i on of s. sui s type 1 (Table 5 . 1 

and 5 . 2 ) .  The refore i f  only one pig was sampled f rom a herd there i s  a 

25%  chance of  recording a false nega tive result for s. sui s type 2 and 

a 49% chance of a false nega ti ve resul t wi th  S. suis ty pe 1 .  Simi larly 

i f  two pigs  are sampled the p robab i l i ty of  de tecting two nega tive 

sample s  is  6 . 2 5% for s. suis  type 2 and 24% for s. suis type 1 .  The se 

chance s  for det ec t i ng false negat ive  resul ts  are certainly wi thin the 

r e a lm o f  b i o l og i c a l  p r o b a b i l i t y .  The v a r i a t i o n i n  the recorded 

i nfec t i on rate  for d i f fe rent he rd s appears to s t em from di f ferences i n  

the numbe r o f  p i g s  sampled ra ther  than i n t r i n s i c  d i f ferences i n  the 

carr ie r  s ta t us of the herd . Sma l l  herds of pigs  are also likely to be 

infec t e d  because o f  the d i s pe rsed na ture o f  S. sui s throughout the p i g  

herds o f  New Zea land and the rap i d  spread and long dura t.ion of  the 

i nfec t i on .  In thi s i nv e s t iga t i on ,  pigs origina t i ng f rom s ome of the 

large s t  p roducers of  breeding s t ock in New Zea land we re tested and 

found t o  be infected.  The pre sence of infec t i on in these herd s may 

provide  s i mple and rap i d  d i s pe r s i on of S. sui s to mos t pig herds i n  

New Z e a land . Arends e t  al ( 1 98 4 )  detected more carri e rs o f  S .  sui s 

type 2 when the palatine t ons i l s  we re sampled several time s .  Thi s  was 

b eca u s e  o f  the sma ll  numbers of s. sui s present i n  some pa la t i ne 

t onsi l s .  In ret rospect , in the present s tudy , i f  the t ons i l s  collected 

from pigs  orig ina t i ng f rom sma l l  herds had been i nci sed and sampled i n  
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more than one plane , i t  i s  highly probable that S .  suis  would have 

been demons t rated  in a l l  the New Z e a land pig herds tes t ed .  

S t r e p t o c o c c u s  s u i s  type 1 was detected i n  fewer tons i l s  than 

s. s u i s t y pe 2 .  Thi s  c o u l d  t h e o re t i ca l ly be a s s o c i a t e d  wi t h  a 

d iagnos t i c  t e s t  of lowe r sens i t ivi ty ( 7 5% compa red with 5 1 % ) , f ewer 

organisms p resent wi thin  the t ons i l  or  an ac tual lowe r preval ence of  

p ig s  infe c t ed wi th s. suis  type 1 .  However ,  as sampling of  the t ons i l  

i n  mul t iple  planes i ncreased the detect i on of S .  sui s type 1 a s  we l l  

a s  type 2 ( Chapter  J J I ) , i t  would appear tha t  1 00% o f  s laught e red pigs  

are infe c ted wi th  bo th  s .  suis  types 1 and 2 ,  a l though there are  fewe r 

numbers of s. suis type 1 than S .  sui s type 2 present in  the tons i l .  

Streptococcus sui s ty pes 1 and 2 were detected i n  4 . 2 %  and 8 . 3% 

respec tiv e ly of  the submandibular lymph nodes exami ned . Thi s  i s  i n  

ag reement wi th the f i nd i ng s  o f  Wi lliams e t  a l  ( 1 97 3 )  who a l so i sola ted 

s.  s u i s t y p e  1 f r om t h i s lymph node.  However , these results  are 

cont rary to  the f i nd i ngs  of Cl i f ton-Hadley and A lexander ( 1 98 0 )  who 

we re unable t o  i sola t e  S. suis  type 2 f rom these lymph nod e s .  As the 

ef f erent lymphat i c  vessels  f rom the tonsi l  d rain  to this lymph node 

( Sa a r  a n d  Ge t ty , 1 9 6 4 ;  Wi ll i ams  and Rowland , 1 9 7 2 ) , i t  would be 

expected that i nfect i on of  the pala t i ne tonsi l may occasi onal ly lead 

to i nfec t i on of the submandibular lymph nod e .  

Bot h  S .  suis  types 1 and 2 we re detec ted i n  areas o f  lung wi th  

e n z o o t i c  pneumonia , however nei ther could be  found i n  norma l lung 

t i s su e . The s e  f i nd i ng s  a g r e e  wi th the resul t s  of No rth Amer i can 

workers who f requent ly i sola t ed s. sui s type 2 f rom pneumonic  lesions 

( Koehne e t  a l ,  1 9 7 9 ; Sanford and Ti lker , 1 982 ) .  The f a i lure to d e tect  

s. sui s i n  appa ren t ly normal lung t i s sue may have been associ a t ed wi th 

the low number of samples collected , f ew organi sms present in the 

t i ssue , an ac tual absence of S. s u i s  in heal thy lung or conversely an 

apparen t abi l i ty of  s. sui s to survive only in damaged lung ti ssue . 

S a n f o r d  and  T i  l k e r  ( 1 9 8 2 )  p r o posed tha t when S .  sui s  type 2 was 

i sola t ed i n  mixed cultures f rom pneumoni c  lungs , the bacterium was a 

s e cond a ry i nv a d e r  a f t e r  Myc opl a sma hyo p n e umoniae had caused the 

i ni t ial  damage� As s. sui s type 2 was detected in the blood from 3% of 

normal , apparently hea l thy pigs s laughtered , i t  would be an t i c i pa t ed 

t ha t s. sui s type 2 may occasi onally be d e t e c t ed i n  norma l lung ti ssue 

due to the presence of blood in thi s ti ssue.  
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The d e t e c t i on o f  S .  s u i s t y pe 2 in  the blood of  appa ren t ly 

hea l thy pigs a t  the t ime of  s laughter , has important public  hea l th 

i mpli c a t i ons . A s  mos t cases o f  d isease i n  humans have originated f rom 

mea t - wo rke r s  f o l low i ng i nj u r i es (Zanen and Engel , 1 97 5 ;  Joynson , 

1 98 0 ) , these bac t e raemi c pigs  are a po ten t i a l  heal th r i sk .  However ,  

t he r i sk would appea r t o  be sma l l  as the numbe r  of repo r t ed cases of 

infect i on in humans wi t h  s. sui s type 2 is l e s s  than 1 00 ( Rober t son , 

1 9 8 6 ) .  A s  3 %  o f  p i g s  were bac t e raemi c ,  o ther factors as we l l  as  

conta c t  wi th  organisms  are i nvolved i n  the deve lopment of  disease of 

humans . 

C l i f  t on-Had ley e t  al ( 1 986b)  could not i solate  S .  sui s type 2 

f rom t h e  musc l e  o f  i n f e c t e d p l g s  and  s i m i l a r l y  i n  the present 

i nv e s tiga t i on S.  sui s wa s no t de tected i n  this t i ssue . However i f  

S .  sui s type 2 can be  detected in  the blood , some organi sms mus t be 

p re s en t  i n  a l l  t i s s u e s  i ncludi ng muscl e ,  a l though presumably the 

numbe r of organism s  pe r uni t weight of mus c l e  was be low the threshold 

of  d e t ec ti on.  As S .  sui s type 2 can survive in ti ssue tha t is  ei ther 

f roz en  or maintained at  4°C ( Chapter  IV;  C l i f t on-Hadley et  al , 1 98 6 b )  

i t  i s  p o s s i b l e  t ha t  some cuts  o f  re tai l pork could conta i n t hi s 

organism. The pub l i c  health  implicati ons of this  wi l l  be di. s cussed 

furt he r i n  Chapter  V I I I . 

S t reptococcus suis types 1 and 2 were d e tected i n  the liver of 

O. 9% a nd 2. 7 %  respect ively of appa ren t ly normal heal thy pigs . The 

p r e s e n c e  o f  t h e s e  o rgani s m s  i n  the l iver does no t mean tha t  an 

inf e c t i ous process  i s  occurring as  the organi sms may have orig i na t ed 

from residual blood present in  thi s ti ssue . However ,  only one of  the 

pigs wi t h  a bac t e raemia had a concur rent po s i t ive liver  sample.  If 

there a re only a smal l  number of s. sui s p resent in  the blood and 

consequent ly in o the r t i ssue s , the probab i l i ty of detec t i ng organi sms 

on an I . F . A . T. f rom the bact e r i a l  growth of swabs is low. The refo re 

the sens i tivi ty of  the tes t i s  also  low as d i s cussed earli e r .  Thi s  may 

accoun t for the d e t ec t ion of pos i t ive liver samples f rom pigs wi th  

nega t ive blood samples  and could mean the  percentage of  hea l t hy y e t  

bac t eraemic pigs s laughtered a t  the mea tworks may b e  even hi gher than 

t h e  3% r e c o rded he r e .  The f i nding of posi t ive l ive r samples wi th 

concurrent negat ive muscle samples could be explai ned by the grea t e r  

blood conten t  o f  l ive r pos t mor tem compa red wi th musc l e  pos t  mo r t em 

( War r i s s  and Leach , 1 9 7 8 ) .  



S t reptococcus sui s types 1 and 2 were found i n  4 . 5 % and 6 . 4%  

r e s p e c t i v e ly o f  the  f ema l e  r e p r odu c t i v e  t ra c t s  exam i ned . The se 

find ings may i ndicate  ei the r  vene rea l t ransmi ss.i on of  s. sui s  or a 

haemat ogenous s p read of  infec t i on to the female reproduct ive t rac t .  

The d i s c ov e ry o f  S .  sui s i n  appa rent ly no rma l fema le  reproductive 

t ra c t s  is i ntere s t i ng in light of  the be l i ef that the organi sm can be 

asso c i a t ed wi th vagini t i s ,  abo r t i on s , s t i l l  bir ths and endomet r i t i s  as 

r e po r t ed by Jones ( 1 9 7 6a ) , Swann  and Kj a r  ( 1 980) and Yurukov and 

Ganovski ( 1 98 1 ) .  As S .  sui s can be isola ted f rom hea l t hy reproduc tive 

t rac t s ,  i t  is po s s i ble tha t they can also be isolated f rom "d i s eas ed" 

t rac t s .  The ref ore , al though S .  sui s can be i sola t ed and i s  associ a t ed 

w i t h  a r e p ro d u c t i ve disorde r , i t  cannot be inferred that s. sui s 

caused the cond i t i on.  St reptococcus sui s was no t de t e c t ed i n  any o f  

t he m a l e  r e p ro d uc t ive t ra c t s  examined , o ther than one i sola te of  

s. suis type 2 f rom a semi nal v e s i cle.  These resul t s  could i ndicate  

that a lthough sexual t ransm.i s s i on may be  po s s i bl e ,  long t e rm infect i on 

of the mal e  reproduc t.ive t r a c t  appears unlikely . 

A pure growth of s. sui s type 2 was de tected f rom one arthri t i c 

j oin t  condemned by mea t i ns pectors  a t  the mea tworks . Turne r ( 1 9 7 8 , 

1 98 2 )  and Turne r e t  al  ( 1 980 ) a l s o  i sola t ed s t reptococci f rom j oi n t s  

o f  p i g s  condemned f o r  arthri t i s  i n  South African mea twork s .  A s  well  a s  

causing losses f rom sudden dea ths , i t  would appear tha t  S .  sui s can 

also reduce the financial re turn to the pi g farmer by increasing the 

percentage of par t ia l ly condemned carca s s e s .  Howeve r  as  no "norma l" 

j o i n t s  we re cultured , i t  canno t be inferred that S. suis was the 

ae t i o logical  agent of  the arthr i t i s .  The organi sm could have been an 

oppor tuni s ti c  s econdary i nvade r  a f t e r  ini t ial  damage or could have 

been present as a resul t of a concurrent bacteraemia .  

S t re pt ococcus sui s types 1 and 2 were also detected  i n  the blood 

of l ive pigs sampled at  the piggery .  S t re ptococcus sui s  type 1 could 

only be d emons t ra ted in the b lood of 1 1 . 1 % of suckers . As S. sui s 

type 1 can produce a vegeta tive valvular endocard i t i s  ( Pedersen e t  a l , 

1 984 ) , i t  i s  possible  tha t organi sms are shed intermi t ten t ly f rom such 

lesi ons in a way s imi lar to tha t  d emon s t ra ted by Pede rsen et  al ( 1 98 1 )  

wi t h  g roup R /S  s t reptococci . S t re ptococcus sui s type 2 was found mos t 

commonly i n  the blood of  weaned p igs ( 1 0% )  whi ch corres ponds wi th the 

age g roup reported to  have the highe s t  level of clinica l  di sease and 
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wi thin  which the s pread of infe c t i on i s  mos t rapi d ( Cl i f t on-Hadley and 

Alexand er , 1 9 8 1 ) .  The de tect ion of s. sui s type 2 i n  the blood of 

apparent ly normal  pigs  agrees wi th the f i nd i ngs  of C l i f t on-Hadley and 

Alexand e r  ( 1 98 1 )  and Pedersen et al ( 1 9 8 1 ) .  These wo rke rs found that  

some a r t i f i ci a l ly i nduced ba c t e raemic pigs  showed no obv ious c l i ni cal 

si gn s .  In  the p resent  s tudy , S .  suis was no t detected i n  the b lood of  

any o f  the older pigs  ( baconer s  or  choppe r s ) . Thi s may be due t o  the 

sma l l  numbe r  of pigs  t e sted ( 2 2 ) , a tes t of  low sens i t ivi ty or a t rue 

a b s e n c e  o f  o r g a n i sms in the blood of these pigs . As  s. sui s  was 

de t ec ted i n  the b lood of  s im i lar aged pigs a t  s laughter , i t  would 

a p p e a r  t h a t i f  m o r e  pigs of  t h i s  a g e  g r o up had been exami ned , 

bac t era emias  may have been detected . 

S t reptococcus sui s types 1 and 2 we re not detected · i n  any of the 

u t e r i. collected f rom porkers s laughte red at the mea two rk s .  Howeve r  

s .  s u i s  types 1 and 2 were detected i n  2 . 9 % and 5 . 8% respect ively o f  

the u t e r i  o f  baconers and bo th organisms were present i n  1 1 . 1 % of the 

u t e r i  of  chopper s .  Al though these d i f f e rences were no t s igni f i cant  

(p  > 0 . 1 )  the re does  appear to  be  a t rend i ndica t i ng an  i nc rea s i ng 

pre s ence of  s. s u i s i n  the uterus wi th age . Thi s apparen t i n c rease i n  

prevalence wi th  age may be as sociated wi t h  grea ter exposure t o  the 

organi sm.  The u t e r i  could have been i nfected  via the haemat ogenous 

rou t e  or f rom an ascend i ng infect ion.  If  t he dura tion of i nf e c t ion i n  

the u terus i s  assumed t o  be i n f ini t e  ( re s t r i c t ed only by the l i fe of 

the pig )  and the re is a constant  annua l i nci d ence ra t e ;  for each year 

of  l i fe the prevalence of di sease i n  a cohor t should i nc rease by tha t  

annua l  i nc idence ra t e .  The refore there should be a d i rect co r re la t i on 

be t w e e n  a g e  a n d  t h e  d e t e c t i o n o f  u t e r i  i n fec t ed wi t h  S .  sui s .  

S i m i l a r ly , t h e r e  a p p e a rs t o  be a n  increase i n  the pe rcentage of 

posi t ive vaginal swabs with age in live hea l thy pigs tes ted i n  the 

piggery . S t rept ococcus suis was no t d e t e c t ed in the vagi nal swabs of  

the non-pregnant g i l t s .  Howev e r , 9 . 3% a nd 1 2 . 4% of  the non-lacta t i ng 

y et  pregnant  sow s  and g i l t s , and 1 5 . 7 %  and 1 5 . 8% of  the non-pregnant 

lact a t i ng sows had vaginal swabs pos i t ive for s .  sui s types 1 and 2 

respective ly . Clausen ( 1 980 ) , Cl i f t on-Hadley and Al exander · ( 1 98 0 )  and 

Rickert  et  al ( 1 982 ) could not i solate  s .  sui s type 2 f rom the vagi nas 

of sows using the i r  t radit ional microbiological  techniques . Thi s i s  i n  

con t ras t t o  these res ults  whe re , on average , 1 1 . 3% o f  vag i nas  were 

found to be infe c t e d .  In the p resent i nve s t i gation , no s .  sui s could 

be de tected i n  the prepuce of  boars whi c h  was in agreemen t wi th the 
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f i nd i ng s  of t h e  p r ev i o'u s  workers . Howeve r ,  Cl i f t on-Hadley ( 1 98 5 )  

report ed i sola t i on o f  S .  sui s  type 2 f rom the prepuce o f  a c l i ni c a l ly 

h e a l  t hy 1 5  week old boar .  The detect ion of  s. sui s  i n  the fema l e  

r e p ro d u c t i v e  t ra c t  a n d  no t i n  t h e  m a l e  r e p roduc tive t ra c t , may 

i nd i ca t e  a predi le c t i on s i t e  for the f emale  t ract simi lar to that o f  

t h e  pala t i ne t ons i l .  I f  vene real t ransmi s s i on o f  S .  sui s does occur , 

the  boar p robably a c t s  purely as a pass ive mechanical me thod o f  s p read 

r a t her  than an active source of inf e c t i o n .  Howeve r ,  Caro l-Dumi t ri u  

e t  a l  ( 1 9 8 1 b )  i s o l a t e d  s t re p t ococci f rom 3 1  of 7 5  semen samples  

e x am i ne d , b u t  t h e  s pe c i f i c  i d ent i ty of the  st reptococci was not  

reported.  In Chapte r  VI I experiment s a re described tha t i nve s tigate  

t he poss i bi l i ty of  sexual t ransm i s sion of  S .  sui s .  

S t reptococcus sui s was no t detected  in any of  the rec t a l  swabs 

exam i ned . Thi s  would i ndic a t e  tha t S .  suis i s  probably no t pa r t  o f  the 

norma l gas t roint e s tinal  f lora , unlike o the r g roup D s t reptococci such 

a s  s.  faeca lis  and s.  faec ium whi ch a re rea d i ly detected in  the faeces 

o f  heal thy pigs ( Smi th  and Jones , 1 963 ; De i bel , 1 97 7 ) .  

Both S .  sui s types 1 and 2 were i solated  f rom swabs t aken f rom 

t he skin surroundi ng t he t ea t s  of lac t a t ing s ows . These organi sms may 

have or iginated f rom t he envi ronment , have been na tural commensals on 

the ski n ,  have come f rom the mi lk or  colos tr um ,  or mos t  like ly have 

been pass ively t rans fe rred f rom the infected oral cavi ties  of sucking 

pig l e t s .  The pres ence of i nfec t i on wi th  S .  sui s in  pigs older than two 

day s ( Table 5 . 6 ) , and the f requen t sucking by pigle t s , a t  leas t once 

an hour (J eppesen , 1 98 4 ) , would tend to  support  the hypo thes i s  of  a 

pass ive s p read o f  S .  suis  t o  the skin a round the tea t .  The fai lure t o  

d e t e c t  s. sui s f rom t he skin around the t e a t  o f  non-lacta t i ng s ows 

m i t i g a t e s  aga i n s t  t h e  po s s i b i l i ty o f  i n f ection o rigina t i ng from 

envi ronment a l  sources or tha t s .  sui s i s  par t  of the norma l bac t e r i a l  

f lor a  o f  the ski n.  A s  s. sui s type 2 was d e tected in  the mi lk o r  

c o lo s t rum of  some pigs , i t  i s  therefore poss i b l e  tha t organi sms o n  the 

skin around the t e a t  migh t have origina ted  f rom the mi lk . Conve rse ly , 

the organi sms tha t were present i n  the m i lk may wel l  have origina t ed 

f rom an ascendi ng i nf e c tion up the tea t canal f rom organi sms carr i ed 

by the pigl e t s .  Sal a  et  a l  ( 1 9 8 5 )  i s olated S .  sui s type 2 f rom the 

m i l k  of s ows w i t h  t he ma s ti t i  a-me t r i t i s-aga lac t i a  syndrome . They 

be l i eved s. sui s type 2 played an important  ro le  in the deve lopmen t  o f  

t h i s  syndrome and the subseq uent deve lopmen t of  meni ng i t i s  in p i g l e t s .  
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Howev e r  t h e  d e t e c t i on of  s. s u i s i n  t h e  m i lk o r  c o l o s t r um o f  

a p p a r e n t l y n o rm a l  s ows  wou l d  q u e s t i on t he v a l i d i ty o f  t he i r 

hypo t hes i s .  

S t r e p t o c o c cus sui s type 1 was not d e t e c t ed in  nasal  swabs of  

pigle t s  younger than two days of age , howeve r  2% were i nfected wi t h  

s. sui s type 2 .  Af t e r  thi s age there  was a rapid spread of infe c t i on , 

so  that by weani ng ( 3 5  days ) over  SO% of swabs of the nas al  cavi t i e s  

we re pos i tive f o r  b o t h  s. sui s types 1 and 2 .  These f i ndings suppo r t  

those o f  Clif ton-Had ley e t  al  ( 1 984b) who showed tha t  the pa la t ine 

t on s i l s  of non- i nf e c t ed pigs could become i nf ected wi thin five day s , 

when the pigs were housed wi th carri er  pig s . However , C l i f t on-Had ley 

et al ( 1 984a ) could not detect S.  sui s type 2 i n  piglets  young e r  than 

three weeks , even when some of these pigle t s  o riginat ed from infected 

sow s .  Thi s  fai lure to  de tect S .  sui s type 2 again  may be explai ned by 

t h e  l o w  sensi t ivi ty of the tes t or i t  may be due to a di ff erent 

pa t t ern of i nfec t ion wi th  S .  sui s  type 2 i n  pigs i n  B ri t a i n  compa red 

wi t h  New Z ealand . Once pigs were weaned ( approxima tely five weeks of 

age ) , the percentage o f  i nfec t ed animals  remai ned rela tively c ons tant 

f o r  bo th s. suis types 1 and 2.  Pigs  whi ch were no t detected as be i ng 

infec t ed wit h  s .  sui s could , howeve r ,  s t i l l  have had infected pa la t i ne 

tonsi l s .  The fai lure to  detect i nfection wa s probably due to the use  

o f  a tes t of  lowe r sens i t ivi ty ( tes t ing pala t i ne tons i l s  f o r  i nf ec t i on 

i s  more sens i t ive than nasal swabbing - Cha p t e r  I l l ) . 

A l l  pigle ts  younge r  than two day s old  whi ch were infec t ed wi th  

S .  s u i s t y p e  2 , o r i g i na t e d  f r om sows wi th  vaginal  infecti ons of 

S .  su i s  type 2 .  I n f e c t i o n  may have occurred in ut e ro , have been 

acq ui red by mechanical  contamination  during pas sage through the vagi na 

o r  f r o m  p o s t-na t a l  infection ei ther f rom the vagina or ora-nasal  

pha rynx of the  sow.  As  lact a t i ng sows also  have the highest  rate  of 

vaginal  infec t i on , the re is a s t rong pos s i b i l i ty tha t infec t i on occurs 

dur i ng o r  soon a f t e r  the b i r th process . The s pread of i nfect i on i n  

l i t te r s  f rom vagi na l  carri ers and non-ca rri ers  i s  inves t igated furthe r  

in  Chapter VI . 

C l  i f  t o n-H a d l ey and A l exander ( 1 98 1 )  and Clif ton-Hadley et  a l  

( 1 98 4 b )  demons t ra t ed tha t s. sui s type 2 could pers i s t  i n  the t ons i l s  

o f  heal thy carrier  pigs which had ci rculat i ng antibod i e s  detectable by 

the bactericidal o r  ELI SA t es t s .  In the p resent work i t  i s  evident 
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tha t a n tibodies t o  s .  sui s are not pro t ec t iv e .  C l i f t on-Hadley e t  a l  

( 1 9 8 4 b )  found there was no apparent correlation between the ELT S A  

ti t re and the abi l i ty t o  d e t e c t  S .  sui s type 2 i n  nas a l  o r  t ons i l lar 

swabs .  I n  the p resent s tudy , the only apparent corre l a t i on be tween 

i nfect ion and t i t re was an i ncreasi ng ti t re wi th age. 

In a c ros s- se c t i onal survey of sera  collected f rom dome s t i ca t ed 

pigs , t i t re s  to bo t h  S .  sui s types 1 and 2 were the highe s t  in the 

o l d e r b r e e d i ng s tock. Thi s  i ncrease in t i t res wi th  age , could be 

associa t ed wi th  t he longe r period of  exposure to the se organi sm s .  The 

frequent contact of sows wi th  their pigl e t s  may also  a l low fur ther 

coloni z a t i on of  the nasal mucosa and the subsequent s timul a t i on of 

ant i body product ion. Due to the high dens i ty of  pigs in  mos t  int ensive 

piggeri e s , pigs have ampl e oppor tuni ty to have contac t wi th  numerous 

o the r pigs , some of whi ch would be expec t ed to be act ively shedding 

S.  sui s .  

The only d i f f e rence be tween ti t re s  for  dome s t i ca ted and fe ral 

p i g s  was wi t h  S .  s u i s t y p e  1 .  T i t r e s i n  dome s t ica t ed p i gs we re 

s igni f i cant ly higher ( p  < 0 . 0 0 1 ) than those for feral pigs . Thi s may 

ind i cat e  d i ffe rences i n  the pa t t e rn of infec ti on for  s .  sui s type 1 

f o r  t he s e  two types of pig s .  The re was no signi ficant d i ffe rence 

between the ti t re s  of s .  sui s types 1 and 2 f rom dome s t i cat ed pigs of 

t he same  c l a s s  ( p  ) 0 . 0 5 )  and also for t i tres to S .  sui s type 2 

be tween f e ra l  and dome s ti cated  pigs ( p  > 0 . 2 ) .  Thi s  may i nd i c a t e  tha t 

the  p a t te r n o f  i nf ec tion wi th  s .  sui s type 2 i s  simi la r  i n  bo th 

dome s t i ca ted and fe ra l  pigs . The dif fe rences in t i t res for s.  sui s 

type 1 could be explai ned i f  the assum p t i on tha t s .  sui s type 1 i s  

carr i ed for l i f e  i s  incorrec t .  I f  a ser i e s  o f  reinf ections occur , the 

prevalence of i nf e c t i on to  S .  sui s  type 1 and hence the ti t re to  this  

organism would be dependent on the po pulat i on dens i ty as  occu r s  in 

re l a t i on t o  i nfe c t i on wi th  Leptospi ra i n t e r rogans serovar bal lum i n  

Ra t tus norvegicus (Hathaway and Blackmore , 1 982 ) .  The high popu l a t i on 

dens i ty of domes t i ca ted pigs would allow the spread of s. sui s type 1 

f rom infec ted t o  non-infe c t ed pig s .  Thi s  would be a dynamic sys tem 

w i t h  r e  i n f e c t i on s  o c cu r r i ng , and wo u l d  the r e f o r e  e x p l a i n  t he 

pe rs i s tence of  high t i t re s  i n  dome s t i c a t ed pigs as was found i n  the 

present  i nves t i ga t i on .  Wi t h  the sma l l e r  populat ion d ens i ty of fe ra l 

pigs , there  woul d  be l es s  chance of  reinf e c t i ons occurring , therefore 

a lower p reva lence of infec t ion , and consequent ly a lower geomet ri c  
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mean t i t re compared wi th dome s t i ca t ed pi g s .  Simi larly smaller  herds o f  

d omes t icated pigs may a lso b e  expected t o  have lower mean geome t r i c 

t i t re s  t o  s. sui s type 1 than large r herd s .  

Ti t res t o  bot h  S .  sui s  types 1 and 2 we re similar i n  p i gs of 

d i f fe rent sexes , and pigs from d i f fe rent  he rd s .  These  findings are to 

be an t i c i pa t ed because o f  the comparable management prac t ices of  mos t 

i ntensive piggeri e s , the simi lar methods of  handl i ng bo th sexes o f  

pigs , and the s imi lar  p revalence ra tes i n  d i f ferent  piggeri e s .  T i t res 

t o  s. sui s were also comparabl e  i n  feral pigs of ei ther sex. 

CONCLUS IONS 

1 .  Al though 1 00% of pigs are assumed to be infected wi th s. sui s ,  

S .  s u i s t y p e  1 w a s  d e tected in  5 1 %  and s. sui s type 2 i n  7 5% of 

pala t i ne t ons i l s  collected at  the mea two rk s .  These lowe r p reva l ence 

rates are associa t e d  wi t h  the sens i t ivi ty of the I . F . A . T . 

2 .  Var i a t i on i n  t he recorded p revalence of  infec t i on wi th s. sui s i n  

pigs f rom d i f fe rent herds was thought t o  be due t o  d i f ferences i n  

sample s i zes rather than t rue differences in  prevalence between herd s .  

3 .  The prevalence o f  i nf ec t i on wi th  s .  sui s was s i milar in  pigs of 

d i f fe rent sex and age. Thi s  is probably a refle c t i on of the s i mi lar 

hand l i ng of pigs in i ntensive herd s .  

4 . As S .  suis can be de tec t ed i n  the blood of  3 %  o f  apparen t ly no rma l 

pigs slaughtered a t  a mea tworks , S .  sui s i s  likely to be present in  

a l l  body t i ssues during tha t ba cteraemic  phase . 

5 .  The failure t o  d e tect s. sui s in t i s sues of ba cteraemi c pigs i s  

associ a ted wi th  the low n�mbers  o f  bacteri a  p resen t .  

6 .  The presence o f  s .  suis type 2 i n  edible t i s sue could pose a publ i c  

heal t h  r i sk .  

7 .  Some piglet s  f rom s ows ca rrying S .  s u i  s type 2 i n  the i r  vagi nas 

became infected earl i e r  then pigl e t s  f rom non-vag i na l  carri ers and 

were probably inf e c t ed at the time of bi r t h .  
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8 .  Venereal t ransmi ssi on of s. sui s does not appear to  be an i mpo r tant 

me thod of  s pread o f  infecti on .  

9 .  The propo rtion o f  u t e ri and vaginas i nfected  wi th  s .  sui s  increased 

with the age of the pig s .  The se organs may be anothe r  s i te of carri age 

o f  i nf e c t i on simi l a r  to  th� pa l a t i ne tonsi l .  

1 0 .  A s  the pat te rn o f  t i t res t o  S .  suis types 1 and 2 are s imi la r i n  

d om e s t i ca t ed p i g s , t h e  pa t t e r n o f  i n f e c t i on a n d  deve lopment  o f  

i mmuni ty would appear t o  be simi lar in  these pigs f o r  bo th S .  sui s 

types 1 and 2 .  

1 1 .  As t i t re s  to  s. suis type 1 we re low and the range of t i t res large 

in feral pigs , there appears to  be a d i f f e rence be tween the pa t te rn of 

i nfec t i on by S .  sui s  type 1 compared wi th  S .  suis type 2 in feral 

pigs . 

1 2 .  The d i f ferences i n  ti t re s  of antibody to  s. sui s  types 1 and 2 
could be explained by the hypo thes i s  tha t infection by S.  sui s type 2 
was o f  a pe rmanent na ture , whi l e  tha t  of  s. sui s type 1 was de pendent 

on a series of  reinfec t i ons . 
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CHAPTER VI 

A LONGITUDINAL SURVEY OF INFECTION WITH STREPTOCOCCUS SUI S  

INTRODUCTION 

Although many worker s  have performed cross-sect ional studies  on 

the infect ion of pigs wit h  S .  suis , there have been f ew inve stigat ions 

studying the inf e c tion i n  individual pigs over a period of  t ime . The 

pre sent inve st igation wa s designed to study the l evel of ant ibodies  to 

S .  suis in a litter o f  pig s from birth to slaught er , and to follow the 

natural development o f  inf ection in f ive litters  of  pigs . The aim was 

to  determine the age  at  which infect ion f irst  occurred in pigle t s , t o  

follow the spread of  infec t ion throughout t h e  litters and to correlate  

this  spr ead with the  development of  an immune response . 

MATERIALS AND METHODS 

Sows 

Four sows and one gilt , from Herd 1 ( Chapter V )  were se lected  on 

the basis  that all wou ld farrow within a three day period . All sows 

were trans ferred to the  farrowing house five days prior to their 

expected  farrowing date . Three sows and the gilt were placed in one 

farrowing room whil s t  the remaining sow was placed in another room 

with three other sows which had already farrowed . Al l farrowing pens 

had previously been  hos ed out and disinfected with an alka line 

d isinfec tant 1 . Vagina l  and nasa l  swabs had been col lected from the 

four sows during a six month period prior to this farrowing . Fur ther 

nasal and vaginal swabs were c ol lected  from all f ive breeding pigs in 

the four week period a f t e r  farrowing . The farrowing date , litter  s i z e  

and the number of previous l i t t e r s  were recorded for e a c h  bre eding 

animal . 

1 Multiklee n ,  KW Product s  Ltd . , Auckland New Zealand 
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Piglets  

Each piglet  was ident i f ied by a consecutively numbered ear  t a g , 

wit h  each litter  having a different coloured tag . Nasal swabs were 

c o l l ected from each piglet wit hin 24 hour s of birth and there a f t er 

twi c e  weekly for the first  eight weeks of life . E . N . T . swabs2 were 

used  for sampling pigl e t s  younger than four weeks of  age and t he 

larger Hospiswabs2 were used for older pigs . Swabs were inser t ed 

approximately one cm int o  t he nasal chamber and rotated on t he muc osa . 

Th� swab was returned t o  the laboratory within one hour of  c ol lection  

and plated onto  sheep blood agar . An I . F . A . T . for both S .  suis types 1 

and 2 was per formed on a smear of the growth a s  described in  

Chapter I I I . 

When piglets were two days old they were inj e c t ed wit h  an 

iron/vitamin B 1 2  preparat ion3 , t heir tails were docked and inc i sor 

teeth  c li pped . The pigs under study were hand led in a similar manner 

to other pigs in the herd except for the extra handling r equired for 

t aking samples . 

When the piglet s were 26  days old , 2 1  piglets were t aken without 

any form of selection from a cross-sec tion of all f ive lit t er s . These  

piglets were weaned into  individua l  cages  and housed in a bui lding 

over two km from the piggery . These cages had been empty for the 

preceding two months and had previously hou sed sheep . Pigs were last  

kep t  in  the pens approximat e ly s ix months prior to the  introduct ion of  

these  pigs . At the t ime the 21  pigs  were weaned , the gilt  and one sow 

wer e  returned t o  the dry sow accommodation. The unweaned piglets f rom 

these two anima ls wer e  cross-fostered onto the three remaining sows . 

At the age of five weeks , six of  the segregated weaned pig s  and 

four unweaned piglet s were euthanased with an intravenous inj e c t ion o f  

sodium pentobarbitone4 and wer e  autopsied . Swabs were c o l le c t ed f rom 

the nasal  c avit ies , heart blood and meninges , and sample s  of t is su e  

2 E . N . T .  Swabs , Medical  Wire and Equipment Ltd . , 
Corsham , Wilt shir e , England 

3 Rubrafer Improved , E . R . Squibb and Sons ( N Z )  Ltd , 
Auckland , N . Z .  

4 Pentobarb 300 , South Island Chemicals Ltd . , 
Christchurc h ,  N . Z .  
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kidney , t onsil and f emale reproduct ive t r a c t  f r om the brain ,  live r , 

wer e  col l e c t ed . I n  t h e  laboratory swabs were taken aseptically f rom 

swabs were plated onto sheep blood agar a nd an  

sui s  types 1 and 2 performed o n  any growth 

these t issue s . Al l 

I . F . A . T . for both S .  

present . 

The rest  of the  sucking piglets  were  weaned at  f ive and a hal f  

wee ks o f  a g e  and transferred into the normal weaning hous e  o f  the 

piggery . After  thr e e  weeks in isolat ion , the early weaned pigs were 

also transf erred to t he same weaning room and divided into two groups . 

When the pigs wer e  e i ght weeks old they wer e  all  transf erred int o the  

growing shed and hous ed in two pens , with pigs  of similar s ize b eing 

hou sed t ogether . Figure 6 . 1  summarizes the movement and handling of 

pigs in t he litters under  invest igat ion . 

Whe n  pos sible , any pig t hat died was collected and an  autopsy 

per formed . Samples from t hese dead pigs were  collected and handled  as 

above . 

Environmenta l  I solation  o f  S .  suis  

Swabs were  collec t ed f rom the feed , 

and dust from all a c commodat ion areas . 

water , f loor s , feed troughs 

In the farrowing shed , f eed 

troughs wer e  of  s t e e l  c onstruc t ion and incorporated a nipple drinker . 

They wer e  made from c oncr e t e  in the grower and fatt ening pens and were 

plastic in the isol a t ion pens . 

Serological t e s t  ( EL ISA)  

Blood was collec t e d  f rom piglets  of the  f ive lit ters  by ant e rior 

vena cava puncture using the method of  Mackenzie  ( 1 9 6 1 ) .  It wa s 

c o llect ed a t  weekly i nt ervals for the first  s ix weeks of  the pigs ' 

lives . Another l i t t e r  o f  nine pigs from this herd was also rout inely 

bled t o  obtain further  informat ion on s erologica l  responses to 

S .  suis . These pigs were bled init ially at weekly and then two-weekly 

int erva l s  unti l  the pigs  were s laughtered a t  22 weeks of age . Blood 

was collec t ed from t he anterior vena cava , c e pha lic vein , ear veins , 

or from the ventral c o c c ygeal vessels . Af ter  collect ion a l l  samples  
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AGE 

26 DAYS 

35 DAYS 

38  DAYS 

47  DAYS 

56  DAYS 

F IGURE 6 . 1  

HANDLING OF PIGS  IN LITTERS UNDER STUDY 
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were maintained at  room t emperature and the s erum removed by pipe t t e  

2 4  hours later . An ELI SA for detect ing antibodies to  S .  suis types 1 

and 2 was performed and titres were calculated by the me thods 

described in  Chapt ers  I l l  and V .  

RESULTS 

I n  Table 6 . 1  the reproduc tive history and the detect ion of  

S .  suis  from nasal  and vaginal swabs i s  l i s t ed for the sows and t he 

gilt  in the six month period prior to the birth  of  the f ive l i t t e r s  

under investigation . Both before and after  f arrowing positive na s a l  

swabs , for S .  s u i s  type s 1 and 2 ,  were detec t ed from a l l  sows . I n  t he 

week prior to farrowing , none of  the sows wer e  found t o  have vagina l 

swabs posit ive for S .  su is . However S .  suis type 2 had earlier been 

detected in vaginal swabs from sow A.  Af ter f arrowing , vaginal swabs 

from sow A were found t o  contain S .  suis type 1 and vagina l swabs f r om 

both sows A and C conta ined S .  suis type 2 ( Tables 6 . 2  and 6 . 3 ) . 

None of the one-day old piglet s wer e  inf ec t ed with  S .  sui s  

t ype 1 .  However by the age of  four days , S .  suis type 1 wa s d e t e c t ed 

in t he nasal swabs of some piglets from four l i t t e r s . At lea s t  one 

piglet from each l i t t er was infected with S .  suis type 1 by the age  of 

seven days . In  Figure 6 . 2  the preva lence of  nasal infec t ions with 

S .  suis type 1 is compared with the age of t he pigle t s . By the t ime 

piglets were 2 5  days old , 95%  had recorded at least one pos i t ive nas a l  

swab f o r  S .  suis t ype 1 and all  were positive by t h� a g e  of  38  days . 

Three of the nine piglets  from sow C wer e  infe c t ed with S .  sui s  

type 2 when the piglets were only one day old . Streptococcus  suis  

type 2 had been detected  in vaginal swabs co llec t ed after  f arrowing 

from this sow .  No other piglets  were infected at this t ime , however by 

the age of three days , some piglets  from a l l  lit t er s  had po s i t ive 

nasal  swabs . I n  Figure 6 . 3  the perc ent age of pigs infec t ed wit h  

S .  - suis  type 2 is plot t ed against their age . By the  t ime pig l e t s  wer e  

1 4  days old , 95%  had recorded at  least o n e  positive na sal swab for 

S .  suis type 2 and all  were positive by the age of 26 days . 
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TABLE 6 . 1  

THE REPRa:XCI'IVE HISI'ORY AND DE'l.'OCTION <F S. SUIS IN � 
USED IN 'lflE COHORT SIUDY 

NUMBER OF S o  SUIS TYPE 1# So SUIS TYPE 2# 
IDENTIFICATION PARITY PIGLETS BORN NASAL VAGINAL NASAL VAGINAL 

IN COHORT ( % )  ( % )  ( % )  ( % )  

A 2 11* 4/12 0/12 6/12 4/12 
(33 o 3) ( 0  o O) (50 o 0 )  ( 33 o 3 ) 

B 7 ll 2/12 0/12 8/12 0/12 
(l6 o 7 ) ( O o O ) (66 o 7 )  (0  0 0) 

c 3 9 4/12 0/12 6/12 0/12 
( 33 o 3 ) (0 0 0) (50 o 0 ) (0 o O) 

D 1 9 

E 5 13** 4/12 0/12 4/12 0/12 
( 33 o 3) ( O o O )  ( 33 o 3) ( O o O )  

# number of swabs from which S o  suis was detected in the prev ious six months 
* one pig died at two weeks with no autopsy per formed - not sampled 
** only five piglets included in cohort study 
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TABLE 6 . 2  

THE DETECTION OF S.  SUIS TYPE 1 IN NASAL AND V1\GINAL 9iABS 
OF � AE'i'ER FARIOfitii 

WEEKS AFI'ER F.ARIDVING 
SWAB 0 0 . 5  l 1 . 5  2 2 . 5  3 

Nasal + + + 
vag inal + + 

Nasal + + 
vag inal 

Nasal + + + 
vag inal 

Nasal + + 
vag inal 

Nasal + + + + 
vag inal 

+ positive fluorescence 
- no fluorescence 

TABLE 6 . 3  

THE DETECTION OF S. SUIS TYPE 2 IN NASAL AND V1\GINAL SWABS 
OF SCH> AF'l'ER FAR.Ra'fi� 

WEEKS AFI'ER FARROWING 
SWAB 0 0 . 5  1 1 . 5  2 2 . 5  3 

Nasal + + + 
vag inal + + 

Nasal + + + 
vag inal 

Nasal + + + 
vag inal + + + 

Nasal + + 
vag inal 

Nasal + + + 
vag inal 

+ posi tive fluorescence 
- no fluorescence 
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THE TEMPORAL PATTERN OF INFECTION WITH S .  SUI S  TYPE 1 
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THE TEMPORAL PATTERN OF  INFECTION WITH S .  SUI S TYPE 2 
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Swabs of two of  the pigs that were weaned to  t he i solat ion cages  

were negat ive for S .  suis  type 1 at weaning . Subsequent ly t he s e  pigs  

were detected as  being inf e c t ed two and 1 2  days after  weaning . This 

lat ter animal was the last pig t o  be detected as infected  with S .  suis  

type 1 .  All pigl e t s  were infected  with  S .  suis type 2 before weaning . 

I n  Figure 6 . 4 the percentage of sucking pigs infect ed with  

s .  suis types 1 and 2 is compared with  the prevalence o f  infection in  

the isolated group . I n  the period of investiga t i o n ,  t he mean 

prevalenc e rate  for  s .  suis types 1 and 2 was 2 9 . 9% and 44 . 8% 

respec t ively for the isolated pigs and 34% and 4 7 . 6 % for t he 

convent ionally r eared pigs . There was no significant dif f erence 

between the prevalence rat e for S .  suis type 1 ( p ) 0 . 5 )  or for 

S .  suis type 2 ( p ) 0 . 7 ) . 

I n  Table 6 . 4  the mean ages o f  infect ion for S .  suis  types 1 and 2 

are compared for both f emal e  and male pigs . There was no s i gnificant 

differenc e  between the average age of infect ion in male and female  

pigs for S .  suis  type 1 ( p ) 0 . 3 )  and for  S .  suis t ype 2 ( p ) 0 . 6 ) .  

However there was a significant differ ence between the age of  

infect ion for  S .  suis  type 1 when compared with that o f  S .  suis  type 2 

( p  ( 0 . 0 1 )  ( 1 3 . 5  days c ompared with 8 . 9  days ) .  

Table 6 . 5  lists  the results  of  an I . F . A . T . perf ormed on t he 

bac t erial growth  from samples collected from five week old pigs . 

Streptococcus suis type 2 was i solated from the kidney and l iver of 

one pig and from the heart blood and the female reproduc t ive tract of  

another . Streptococcus suis type 2 was also detec t ed f rom nasal  and 

tonsillar swabs o f  both these pigs . These two pig s  wer e  f rom t he 

tradit i onal ly reared , unweaned group and appeared hea l t hy prior t o  

euthanasia . Streptococcus suis type 1 was detected i n  t onsil lar swabs 

( 40% ) and nasal swabs ( 2 0 % )  but in no other samples . 

One of  the c ohort pig s  t ha t  died in the weaner shed , showed gross  

pathologica l  c hanges o f  c ong e s t ed meninges and pare nchyma t ou s  organs 

and severe purulent peritonit i s  and pleuritis . Coliforms , Proteus  spp . 

and a few haemolytic streptococci were det ected f rom the l iver and 

from peritoneal and meningeal swabs . Smears of  the bacterial  growth 

from the meningeal swab , liver and tonsil were also  pos i t iv e  for  

S .  suis type 2 ,  however S .  suis type 1 was dete c t ed o nly from t he 
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FIGURE 6 . 4  

THE PROPORTION OF CARRIERS OF S .  SUI S  TYPES l AND 2 IN PIGS  
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MALE 

FEMALE 

BOTH 
SEXES 

TABLE 6 .4 

S. SJIS TYPES 1 AND 2 

S .  SUIS TYPE 1 S .  SUIS TYPE 2 

Mean age 
o f  

Infection 

12 . 3* 

14 . 5* 

Standard 
Dev iation 

8 . 7  

6 . 2  

7 . 5  

Mean age 
of 

Infection 

8 . 6# 

9 . 6# 

* - No s ignificant d i fference (p > 0 . 3) 

# - No s ignificant d i fference (p > 0 . 6)  

S - Sign i f icant d i f ference (p < 0 . 01) 

Standard 
Dev iation 

5 . 2  

7 . 6  

6 . 2  

1 6 0  
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TABLE 6 . 5  

I . F . A . T . RESULTS FROM PIGLETS EXAMINED POST MORTEM 

NUMBER OF NUMBER POSITIVE NUMBER POSITIVE 
SAMPLE PIGS FOR S .  SUI S TYPE 1 FOR S .  SUI S  TYPE 2 

( % )  ( % )  

Tonsil  1 0  5 7 
( 50 )  ( 70 )  

Nasal 10 3 5 
( 3 0 )  ( 50 )  

Meninges 1 0  0 0 
( 0 )  ( O )  

Brain 1 0  0 0 
( O )  ( O )  

Heart Blood 10 0 t 
( 0 )  (! 0 )  

Liver 10  0 L 
( 0 )  { 1 0 )  

Kidney 10  0 1 
( 0 )  (I 0 )  

Female Reproductive 8 0 1 
Trac t ( 0 )  ( 1 2 .  5 )  



tonsil . This pig had shown signs o f  malaise for two days prior to  

deat h .  The severe peritonit i s  was believed to have originated from a 

perf orated rectum probably a s soc iated with the t aking o f  a rectal  swab 

by another worker investigat ing the gut f lora o f  these pigs . 

Environmental I s o lation 

Table 6 . 6  r ecords t he percentage o f  environmenta l  swabs f rom 

which S .  suis was isolated . The highest percentage of  posit ive swabs 

was found in tho s e  t aken from the f eed-troughs of t he weaner house . Of 

these , 7 . 1% wer e  positive for S .  suis type 1 and 1 4 . 2% for S .  suis 

type 2 .  Fewer positive swabs were detected in  the f eed troughs of  

isolated pigs ( 4 . 7% and 7 . 9% f or S .  suis types 1 and 2 respe c t ively ) 
t han from the t r oughs o f  the tradit ional ly weaned pigs . Streptococcus  

suis types 1 and 2 were also  detec t ed mor e  f requent ly in  swabs t aken 

from the floor of convent ionally weaned pigs t han from swabs of t he 

f loor of  individually hou sed pigs . The f eed troughs o f  sows A ,  C ,  D ,  

and E all  yie lded one posit ive swab for S .  suis type 2 ,  however only 

the trough of  s ow E had a swab positive for S .  suis type 1 .  When a l l  

pigs had been removed from t he farrowing house  and t h e  pens had been 

hosed out , neither S .  suis types 1 nor 2 could be isolated from swabs 

of  t he feed trou ghs and farrowing crates . Similarly , swabs t aken from 

the floor of individually penned pigs were negative for both S .  suis 

types 1 and 2 af ter a l l  pigs had been transferred to  t he piggery and 

the pens had been washed . 

Serological ( ELI SA ) Results 

Figures 6 . 5  and 6 . 6  plot the geometric  mean and the range o f  

titres to S .  suis  types 1 and 2 respe c t ively f o r  t he f ive l i t t e r s  o f  

c ohort piglets between t he a g e  o f  o n e  and six weeks . The ant ibody 

t it re fell  to the lowest leve l at three weeks of age for S .  suis 

type 1 and at f our weeks for S .  suis type 2 .  After this period t itres  

gradually increased for  both s .  suis  types 1 and 2 .  Although t he 

period of  lowest titres  for S .  suis type 1 occurred in younger 

piglet s ,  the mean  age of  infect ion for this type was o lder than t hat 

for S .  suis type 2 .  As ment ioned earlier , the t ime individual pigs 

were first ident i f ied as being inf e c t ed wit h  S .  suis varied . This 
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TABLE 6 .6 

ISOIATIOO OF S.  SUIS TYPES 1 AND 2 FlUt THE F.NVIROOMEN'l' 
OF THE STUDY PIGLETS 

SITE OF 
SWAB 

sow Troughs 
Farrowing shed 

Farrowing pen 
Mesh Floor 

Slatted Floor of 
Indiv idually 
Housed Pigs 

Feed Troughs of 
Individually 
Housed Pigs 

SOl id Floor 
Weani� House 

Slatted Floor 
Weani� House 

Feed Troughs 
Weani� House 

oust 
weani� House 

Feed Troughs 
Growers 

SOl id Floor 
Growers 

NUMBER OF NUMBER POSITIVE 
SWABS FOR S .  SUIS TYPE 1 

(%)  

30 1 
( 3 .  3) 

40 1 
( 2 . 5) 

20 1 
( 5 . 0 )  

63 3 
( 4 .  7)  

14 0 
( 0 . 0 )  

14 1 
( 7  . 1) 

14 1 
( 7  . 1) 

10 0 
( 0 . 0 ) 

8 0 
( 0 . 0) 

16 0 
( 0 . 0) 

NUMBER POSITIVE 
FOR S .  SUIS TYPE 2 

( % )  

2 
( 6  . 6) 

3 
( 7  . 5) 

1 
( 5 . 0 ) 

5 
( 7 . 9 )  

1 
( 7  . 1) 

1 
( 7  . 1) 

2 
( 14 .  2)  

0 
( 0 . 0 ) 

0 
( 0 . 0 )  

1 
( 6 .  3) 
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F IGURE 6 . 5  
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variation was associated wit h  some pigs being det ected as  inf e c t ed 

prior to the age when their t itre  was lowest and others being detec t ed 

after  this age . There was no apparent correlation between the t ime of  

f irst  detect able infec t ion and t he titre , other than that most animals  

wer e  detected as  being inf e c ted prior t o  an increase in t itre . 

Figure s  6 . 7  and 6 . 8  are graphs of the changes in the geomet r ic 

mean and range of  titres  f o r  S .  sui s  types 1 and 2 re spect ively in  t he 

litt er of  pigs followed f r om birth to slaughter ( 2 2  weeks ) .  Titres  to  

S .  suis types 1 and 2 were initially high at two days of  age ( 1 / 2 00 

and 1 / 1 8 0  respec tive ly ) and then f e l l  to  minimal levels ( 1 / 30 and 1 / 60 

respectively) at  s imilar ages  to  those recorded in  the f ive c ohort 

lit ters . The titres  subsequently increased unt i l  the pigs wer e  

slaughtered . Concurrent c u l tural examination of this litter was not 

c arried out . 

DISCUSSION 

Most investigat ions into t he infection of pigs wit h  S .  suis  

type 2 have relied on dat a f rom c ross-sectional surveys . These  surveys 

only detect the prevalence of infection at one part icular t ime and do 

not reveal the inc idenc e of  inf ect ion or the dynamic s  of infection  

within a herd . In  the  pre s ent study f ive litters , reared under natural 

conditions , were regularly sampled to investigate the spread of  

infec tion . Streptococcus  suis  type 2 was detec ted in the growth of  

nasal swabs f rom some one  day  old  piglets in one lit t er . This l it t er 

was from a sow which previou sly had been shown to have S .  suis t ype 2 

present in the vagina . Similar findings were also reported  in  

Chapter V .  Streptococcus sui s  t ype 2 was not det ected in nasal  swabs 

collect ed from one day old piglets  originat ing from sows without 

vaginal infections . However by the time these latter piglet s  wer e  

three days old , S .  s u i s  t ype 2 had been detec ted in at l e a s t  o ne 

piglet f rom each l i t t er . There was a more rapid spread of  infec t ion o f  

S .  suis type 2 in the l i t t er from the vaginal carrier , a s  all  piglet s 

were infected by the a ge of s even days . Piglets from the other four 

litters wer e  not all infect ed until 1 0 ,  1 5 ,  25 and 26 days 

post par tum . I f  it i s  a ssumed that in fact all nine piglet s f rom the 

vaginal carrier wer e  infe c t ed at  birth , then by using a test  o f  o nly 
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FIGURE 6 . 8  

CHANGE IN ANTI BODY TITRE TO S .  SUI S  TYPE 2 IN A LITTER OF PIGS 
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6 0 %  sensitivi t y , the chance of  detecting only thr e e  inf e c t ed piglets  

a t  one day of  age , is  only 1 i n  1 0 . Such a chance i s  within t he realms 

of biological  possibility . However if none wer e  d e t ec t ed as being 

infec t ed by this test , the chance of these resul t s  being f a l s e  

negatives drops to  1 i n  5000 . Thu s  i t  would appear t h a t  l i t t er s  f rom 

non-vaginal carriers were not infected at birt h  and consequent ly 

negat ive on t he f irst t e st unlike the litter from t he vaginal carrier . 

Infect ion o f  t he litter from t he vaginal carrier may have been f rom 

mechanical contamination during passage through the vagina , f rom pos t ­

nat a l  infection originating from either the vagina o r  ora-nasal  

pharynx of  t he sow , or  mo st l ikely occurred in u t ero . If  in  ut ero 

infect ion does occur , there would be litt le value in performing 

hyst erectomies on sows in an a t tempt to obtain uninfe c t ed piglet s . 

I n  u t ero infection could account for the pre sence of infec t ion in 

hys t erectomy derived stock  as  reported by Lamont et  a l  ( 1 9 80 ) . 

Hof f erber ( 1 9 5 2 ) believed in ut ero infect ion wit h  streptococci  was 

pos s ible and considered thi s  to be responsible  for  t he deaths of 

piglet s ( eight days to three weeks old ) wit h  s trept ococc a l  

endocardit i s . The relat ionship between vaginal and u t erine infec t ion 

i s  reported and discussed fur t her in the next chapt er . 

The sow with positive vaginal swabs for S .  suis  type 2 prior t o  

f arrowing , a l so had positive swabs after f arrowi ng . One o ther sow 

( C  - T able 6 . 3 )  had S .  suis type 2 i solated from vagina l  swabs only 

a ft er farrowing . The presenc e of  this organism in t he vagina may have 

been associated with a descending u terine infect ion , a haematogenous 

infection or from an ascending infection origina t ing e i t her f rom the 

environment or from the pigle t s . However , as the organism was d e t e c t ed 

in  the vagina before any of her piglets  became infec t ed , this 

infec t ion could not have been of piglet origin . The farrowing shed was 

hosed and disinfected prior to the introduc t ion of sows and S .  suis 

was not detect ed in swabs of  t he environment t aken prior t o  farrowing , 

therefore i t  seems unlike ly that an ascending inf e c t ion could 

origi nate from the environment . The most likely origin of  t he S .  suis 

t ype 2 present in the vagina wou ld have been f rom the u t erus . If  a 

u terine inf e c t ion had been present a t  the t ime of  parturition , then 

the r elaxation of cervica l  musculature which occurs at this t ime may 

have allowed infection to pas s  into the vagina . The o f fspring o f  this 

sow were a l l  infected by t he age of  ten  days . This was the youngest 

age o f  inf e c t ion other than f or the litter from the pers i s tent vagina l  
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carrier . However ,  unlike the l i tt er from this latter sow ,  none of  t he 

pig l e t s  were infe c t ed before the age of three days . Alt hough no 

S .  suis  type 1 wa s d e t ec t ed in vaginal swabs collec t ed prior t o  

farrowing , one sow was posit ive after farrowing . However unlike t he 

sow with  pers i s tent vaginal infect ion by S .  suis type 2 ,  t he o f f spring 

of t hi s  sow wer e  not inf e c t ed with S .  suis type 1 on t he f ir s t  day o f  

sampling . The f ir s t  i nf e c t ed piglet from this l i t t er was ident i fied 

when t he piglet s were six days o ld .  However in t he other f our litters , 

at  least  one piglet was found to be infected within t hree  days o f  

bir t h . These f i ndings support evidenc e present ed i n  previous chapt ers  

tha t  S .  suis t ypes l and 2 are different in relat ion t o  t he way in  

whic h  pigs become infec ted . Vaginal or  uterine spread of inf e c t ion t o  

pig l e t s  does not appear t o  occur with S .  suis t ype l unlike t ha t  

recorded wit h  S .  suis type 2 .  

All pigl e t s  from one l i t t er were infec ted with  S .  suis t ype l ,  by 

the age of 1 7  days , three lit t er s  were all infec t e d  by 2 1  days 

inc luding the l i t t er from the sow with a vaginal infec tion  and a l l  

pig l e t s  i n  t he f inal l i t t e r  were infec ted by 3 8  days of  age . I f  i t  i s  

assumed that t he sensitivity o f  t h e  I . F . A . T . for detect ing S .  suis 

type l is 48% ( Table 3 . 1 1 )  and t hat all pigs are infec t ed , then t he 

chance of having a l l  false  negat ive results is  only l in 3 5 7 . Thus i t  

i s  reasonable  t o  as sume tha t  n o  one-day old piglets  were inf e c t ed with  

S .  suis  type l .  

As report ed in  Chapter I l l , it  wa s found that na sal swabbing was 

less  sensitive for t he detec t ion of pigs infec ted with S .  suis  t ype l 

than with S .  suis  type 2 .  Therefore the apparent variation in  the age 

of inf ection for S .  suis t ypes l and 2 may arise from the d i fference 

in t he sens i t ivity of  t he I . F . A . T .  for detecting these organi sms . 

Windsor ( 1 9 7 7 ) believed that infect ed sows spread S .  suis t o  

their susc ept ible non-infe c t ed piglet s . He considered that onc e 

infection by both S .  sui s  t ypes l and 2 was present in a l i t t er , there 

was rapid spread of  the organisms throughout the herd a f t er t he 

infe c t ed litter  was weaned . However ,  in the present i nve s t igat ion it  

would appear that most  l i t t er s  have a l OO% infect ion rate prior to  

weaning . I n  this case  a l l  animals  would already be infec t ed at  

weaning , a lthough it  i s  possible t hat reinf ections c ould occur . The 

rapid spread of infect ion in  a l i t t er could be associated with  t he 
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frequent nose  t o  nos e  contact t hat occurs both  between sows and 

sucking piglets  and betwe e n  t he pig l e t s  ( Jeppesen , 1 984 ) . Whatson and 

Bertram ( 1 9 8 3 ) recorded that in a t hree hour period , between 1 0  and 30  

naso-naso cont ac t s  occurred betwee n  nursing pigle t s  and t heir mother . 

Although the prevalence of  inf e c t ion with  S .  suis f luc t ua t ed in 

both the pigs reared under convent ional conditions and those  r ai sed in 

isolat ed pens , there wa s no s ignif i c ant differenc e between t he number 

of inf ec t ed animals detec t ed ( p ) 0 . 5  for S .  suis type 1 and p ) 0 . 7  

for S .  suis type 2 ) .  As mo st  pigs were infect ed prior to weaning , the 

type of housing wou ld not be expec t ed to have any influence on t he 

prevalence rat e . Although pigs housed in groups would have a greater 

chanc e  of becoming reinfected  if  this occur s . However , two pigs t ha t  

were previously not inf e c t ed wit h  S .  suis type 1 prior t o  weaning 

subsequent ly became inf e c t ed two and 1 2  days a f t er being t rans ferred 

to the isolation pens . The last  pig detected as  inf ec t ed with S .  suis 

type 1 was 3 8  days old . This pig had been swabbed 1 0  t imes pr ior to  

this _posit ive result . It  i s  probable t ha t  thi s  pig  was infec t ed prior 

to weaning but a combina t ion of a t e s t  with  low sensitivity and t he 

shedding of few organisms produced r e sul t s  that were false  negative s . 

The variat ion in the proport ion of  pigs detected as  positive on each 

particular sampling day wou ld be as soc iated wit h  t he sensit ivity of 

the test and the number o f  organi sms present within the nasal  cavi t i e s  

as discussed i n  Chapter I l l . C l i fton-Hadley et al ( 1 9 8 4b ) a l so 

reported f luctuat ion in  t he infec t ion status of individual pigs . They 

believed that S .  suis t ype 2 pers i s t ed at  undetec t able levels  deep in 

the tonsillar t i s sue wit h  only periodic mu lt iplic at ion to a detectable 

level . If i t  is  as sumed t hat infec t ion of the nose  i s  a direct result  

of tonsil lar infec t i o n  and that intermitt ent shedding occur s , 

variations in the abi l i t y  to  detect  organism within the nasal cavit i e s  

would be expect ed . 

As was demonstra t ed ear lier in Chapter V ,  S .  suis type 2 can be 

isolated from t i s sues other than the palat ine t onsils  of apparent ly 

healthy pigs . Strept ococcus  suis  type 2 was d e t ec ted in swabs from 

both the blood and fema le  reprodu c t ive tract of  one weaner pig . This 

finding support s  the hypothe s i s  of a haematogenous spread o f  

infec t ion . This i s  contraiY t o  the findings report ed i n  Chapt er V ,  

where no pigs sma ller t han  bacon weight ( six months  old ) were found t o  

have either vaginal or u t er ine infect ion with S .  suis t ype 2 .  I f  
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inf ec t ion of the reproduc t ive t ract can be of haemat ogenous origin i t  

occurs only rarely , otherwi se  younger pigs , such a s  porkers ,  wou ld 

have been found to  be inf ec t ed a t  t he t ime of  s laught e r . Venereal 

transmission could obviou s ly no t have occurred in  a piglet  of  this 

age . The detec t ion of  S .  suis t ype 2 from the liver and kidney s amples 

of another pig would also be compat ible with haemat o genous spread of  

infection . However no  S .  suis  wa s ident i f ied in the  blood of  this pig . 

Thi s was probably associ a t ed wit h  a small number of organi sms 

circulating in the blood and the small volume o f  blood c o l l e c t ed . 

Although S ,  suis t ype 2 was i so lated from the meninges o f  a dead 

weaner , it  wou ld appear that the primary cause  of  death was from 

per itoni t is caused by a per forat ed rectum . In  this s i t uation S .  suis 

type 2 may have been an opportunist  secondary invader . This f inding is  

int eresting in that , as S .  suis  type 2 was detected in  samples o f  this 

animal , i t  could have been i ncorrec t ly a ssumed to be t he primary cause 

of disease , i f  the other le sions and organisms had not been 

considered . 

As had been demonst r a t ed in Chapt er IV , S .  suis  types 1 and 2 

were present in the environment of a piggery . The highest percentage 

of posit ive swabs for bot h  S .  suis types 1 and 2 were d e t e c t ed in 

those taken f rom the feed t r oughs in the conventional weaner house . I n  

the individually housed pigs , S .  suis type 2 was also  d e t ec t ed most 

frequent ly in the feed troughs and for S .  suis type 1 on the swabs of  

the  slat ted f loor . Although more positive swabs wer e  detec t ed from the 

troughs of the weaning house  t han from the troughs of t he isolated 

pigs , there wa s no signi ficant d i f ference ( p  ) 0 . 4 )  between t hem for 

either S .  suis types 1 or 2 .  The higher rate of d e t ec t ion of  s .  suis 

from the environment of the convent ional weaner house , was probably 

assoc iat ed with  the great er number of pigs housed in this building . I t  

would appear that the mor e  p i g s  there are , the greater the c hance o f  

det ect ing S .  suis in the environment . The high levels d e t ec ted i n  

swabs o f  the plastic f e ed t roughs would b e  a ssoc i a t ed with  the 

frequent feeding and nuzzl i ng o f  the troughs by pigs . As S .  suis is  

found in  the tonsils and nasal cavities of  pigs , saliva and nasal 

discharges  are also likely to c ont ain these organisms . Streptococcus 

suis was not isolated from t he pens and troughs a f t e r  hosing out . This 

is probably a s sociat ed wit h  a dilution factor from the wat er as  

reported by C l i f ton-Hadley and Enright ( 1 984 ) .  
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C l i f ton-Hadley et  a l  ( 1 984b )  followed the spread o f  infec t io n  o f  

S .  suis type 2 in nine week old previously uninfec t ed pigs . Unlike t he 

present investigat ion , they did not s tudy the natural  spread of  

infection through a herd , but  rather the artificial spread t o  non­

infec t ed pigs originat ing from another herd . However the r e s u l t s  

recorded were simi lar . I n  their experiment , five previously uninfe c t ed 

pigs became infect ed a f t er between f ive and 2 5  days a f t er cont a c t  with 

the inf ec t ed pigs . Streptococcus suis type 2 was detected  in  nasal 

swabs from two pigs , seven and 12 days a f t er mixing . However some pigs 

that were subsequent ly shown to  have infec ted tons i l s  never had 

S .  suis type 2 isolated f rom nasal swabs . In the pre s ent 

invest igation,  exc luding the l i t t er from the sow wit h  a per s i s t ent 

vaginal inf ection , 3 6  piglet s wer e  detec t ed as having posit ive nasal 

swabs between three and 2 6  days a f t er birth and there fore cont a c t  with 

their infected mother . The d e t ec t ion of  S .  suis in some pigs earlier 

than t hat r ecorded by C l i f ton-Hadley et a l  ( 1 9 84b ) is  l ikely to  be due 

to the use  of a more sensitive t es t . 

The sera from the f ive c ohor t  litters  showed ini t ially a high 

level of  antibody to both S .  suis types 1 and 2 .  The t i t r e  f e l l  in  the 

first three to four weeks of  l i f e  and then gradua l ly increased . The 

serological resu lts  obt ained f rom the lit ter of nine pigs was a lmo st 

ident ical to that of  the f ive cohort l i t t ers . Although the former 

lit t er was not cu ltured , there is no apparent reason to believe the 

onset  and pat t ern of inf e c tion with S .  suis was any d i f ferent to the 

litt er s  examined in detai l . The initial  antibody wou ld have been 

passively acquired from the sow via colostrum ( Port er , 1 9 7 5 ) . Windsor 

( 1 97 7 )  proposed that a carrier sow wil l  infec t her l i t t er but a t  the 

same t ime conf er a passive immunity u nt i l  the pigle t s  deve lop t heir 

own a c t ive immunity . The subsequent decrease in t it r e  corresponds with  

the  cat abolism of immunoglobulins . Tizard ( 1 9 7 7 ) r eport ed t hat the 

half-life  of I gG ,  t he maj or immunoglobu lin present in  t he colostrum o f  

pigs , was between 6 . 5  and 2 2 . 5  days . This period c orresponds with  the 

fall in t itre demonstrated in  the present study . The increase  in  t itre  

in the  present studies wou ld coinc ide with a declining passive 

mat ernal  ant ibody level and inc reased susc ept ibil i t y  to infec t ion . 

This pat t ern in the level of  ant ibody would suppo r t  the belief  that 

the ELI SA was spec ific and measured ant ibody to S .  suis . 
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The average  age  of f ir s t  detectable nasal infec t ion corresponded 

with  the period of  dec reasing levels of antibody . Although t it r e s  to 

S .  suis type 1 s t a r t ed to increase before t hose of S .  suis t ype 2 ,  the 

mean age of infec t ion with  S .  suis type 2 was earlier than tha t  for 

S .  suis type l .  Wit h  S .  suis type 1 t here was a seven day lag phase  

between the  mean age  of  infec t ion and t he increase in  t i tr e , however 

for S .  suis type 2 t his period was increa sed to approxima t e ly 1 8  days . 

This may indicate  a difference between the act ions o f  S .  s u i s  t ype 1 

and S .  suis type 2 for infecting piglets and the subsequ ent 

development of an immune response . The general rise in t it r e  of 

ant ibody was similar  for pigs that were first inf e c t ed wit h  S .  suis  

prior to  the t ime of  the  lowest titre , as well as those  inf e c t ed a f t er 

this point . This f inding would support the belief that most  pigs  are 

infected with  S .  suis  before the age o f  t hree to  four weeks . The r e f ore 

the pig that was first  detec t ed as being infec ted with  S .  suis t yp e  1 

at  the age of  3 8  d ays would have had several false negat ive r e s u l t s  

before the f i r s t  positive swab was dete c t ed . 

CONCLUSIONS 

1 .  Pigs raised under tradit ional conditions in an intensive piggery 

are all  infec t ed wit h  S .  suis by weaning ( five weeks of  age ) . 

2 .  There is  a f a s t er spread of  infec t ion in the piglet s of  sows with 

vaginal swabs pos i t ive for S .  suis type 2 than in pigle t s  of  non­

vaginal carrier s . 

3 .  Early infec t ion of  piglets wit h  S .  suis type 2 may o c c ur f rom 

in utero infect ion . 

4 .  Vaginal carriers of S .  suis type 1 do not produce piglet s  infec t ed 

wit h  S .  suis type 1 earlier than piglet s  from non-vag inal carrier s . 

5 .  The proport ion of carriers of S .  suis in pigs i s  t he s ame 

irrespec tive of their housing condit ions or populat ion dens i t y . 

6 .  Streptococcus  suis  is  more readily detected in the  environment of  a 

piggery in an area with a higher density of pigs . 
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7 .  P igs become infec ted wit h  S .  suis type 2 earlier ( 8 . 5  days ) than 

with  S .  suis t ype 1 ( 1 3 . 5  days ) . 

8 .  Antibody t o  S .  suis i s  t ransf erred passively in t he colostrum . 

9 .  Antibody t o  S .  suis i s  produc ed by pigs as  they become infect ed by 

the organisms . 

1 0 � Ant ibodies to  S .  sui s  t ype 1 develop earlier than antibodi e s  t o  

S .  suis type 2 .  

1 1 .  Ant ibodies to  S .  sui s , d e t ected by an ELI SA ,  are not pro t e c t ive 

against  infec t ion with  S .  sui s . 
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CHAPTER VI I 

EXPERIMENTAL INFECTION WITH STREPTOCOCCUS SUIS 

INTRODUCTION 

The present chapter  presents the resul t s  of a t tempt s  to i nfect  

pigs  and o the r animals  wi th d i fferent i so lates  of  s. sui s types 1 and 

2 .  I t  i s  bel i eved the se  resul t s  can be used t o  expla in some of the 

unanswered q ues t i ons concerni ng the epidemi ology of thi s i nt r iguing 

d i se as e .  Many o the r worke rs have a l s o  carried out experimen t s  on the 

a r t i f i ci a l  infec t i on of pigs . Thei r work wi l l  be summa ri zed before 

d e s c r i b i ng the r e s u l t s  f r om the p r e s e n t  s tud y .  The expe r i ment s 

report ed i n  thi s chapte r are bas i c a l ly of five type s : 

1 .  int ravaginal and i n t rapreput i a l  i nfect i on of bacon 

weight pigs wi t h  bo th s. sui s types 1 and 2 .  
2 .  i n t ranasal  infe c t i on o f  two l i t t e rs wi th S .  sui s 

types 1 and 2 .  
3 . int ravenous i nfe c ti on of weaned pigs wi th S .  sui s 

type 2 .  
4 .  suba rachnoid i nf e c t i on of weaned pigs  wi t h  S .  sui s 

type 2 .  
5 .  i nf ec t ion of mice , rats , gui nea pigs and rabb i t s  

wi t h  s .  sui s .  

PREVIOUS EXPERIMENTAL INFECTION OF PIGS WITH S. SUIS 

Infection wi th s. sui s type 1 

Fie l d  e t  a l  ( 1 954 ) performed one of the e a r l i e s t  experimen t s  by 

i nf e c t i ng pigle t s  wi t h  a cul ture of an alpha haemo ly t i c  s t reptococcus . 

Thi s  s t reptococcus , i sola ted f rom f i e l d  cases of  mening i t i s , was l a t e r  

shown to  be long t o  Lancef i e ld ' s g roup S ( De Moor , 1 9 6 3 ) . Four pigs  

we r e  infec t ed wi th a 24 hour  cul ture by  the i n t ravenous rou t e .  Five  

1 75 



days a f t e r  i noculat i on ,  two of  these pigs deve loped febr i l e  rea c t i ons 

and one s u b s eq u e n t ly  s howed " c l a s s i c a l "  ne rvous s igns . Group S 

s t reptococci were cultured f rom the brain  and j o int s of thi s pig.  

Al though the o ther febr i l e  p i g  did not  show nervous s i gns , group S 

s t reptococci were i s o la ted f rom i t s  bra i n , cerebro-s pinal f lui d and 

j oi nt s .  S t reptococci we re also  i sola t ed f rom a j o i n t  of one of the 

appa rent ly normal pigs , whi l s t  none could be cul tured f rom t i s sues  of 

the o the r heal thy pi g .  Two p i g s  we re also inocula t ed subdurally wi th 

t h i s  f i e l d  i s ola t e .  One d ev e l op e d  s i g n s  o f  meningo-encepha l i t i s  

s imi lar t o  the f i e l d  cases whi l s t  the o the r showed only mi ld ataxi a .  

Examina t i on post  mo rtem revealed a f i br ino-purulent meni ng i t i s  wi th 

s t reptococci being i s o lat ed f rom the brains of both pig s .  

Zhe l ev e t  al  ( 1 9 6 0 )  used the i nt rape r i t onea l rout e  t o  i nocula t e  

two pigle t s  wi th a d i plococcus . Thi s  organi sm had been i s ola ted f rom 

p i g l e t s  w i t h  a p u r u l e n t  m e n i n g o - e n c e p ha l i t i s .  B o t h  pi g l e t s  

subsequen t ly deve loped signs s i m i l a r  to those seen i n  f i e ld ca s e s  of 

the di sease . 

El l i o t  e t  al ( 1 9 6 6 )  detected  a s t reptococcal bac t e raemi a i n  a l l  

of the eight pigl e t s  ( less than 1 1  days o l d )  i nfected  wi th  s. sui s 

type 1 .  These pigle t s  were infected by ei the r sprayi ng the i r  throa t s  

and nose s  wi t h  a 1 2  hour culture o f  s .  sui s type 1 ,  or  by f eeding milk 

conta ining the cent r i fuged depos i t  of 1 00 ml of thi s cul ture . Fo ur of 

these pigs subsequent ly di ed and S. sui s type 1 wa s i s olated from the 

b r a i n s  of a l l  c linically affected  pigs .  Two pigle t s  dosed wi th  a 

ge la t in  capsule conta i ning s. sui s type 1 ,  failed t o  d eve lop e i the r 

c linical s i gns or a bacteraemia ,  however s. sui s type 1 was i s olated 

f r om t he throa t o f  one of these pigle t s .  Older p i g l e t s  ( 2 1  days ) 

failed to  develop c linical s i gns when infected by nas a l  and t hroa t 

spraying s .  Fur the r experimen t s  showed tha t S .  sui s type 1 ,  i s o la ted 

f rom the nose of  a clinically norma l sow , was capable o f  infecting 

pigl e t s  wi th  the subsequent d eve lopmen t of bac teraem i a .  As  i so l a t e s  

wi t ho u t  c a p s u l e s  w e r e  non- i nf e c  t i  ve , t h ese worke rs believed the 

i nvasivene s s  of s. sui s type 1 was assoc i a t ed wi th the presence of  a 

capsule.  The serum of  pigl e t s , collected three to four weeks a f t e r  

i n f e c t i on wi th S .  sui s type 1 ,  was shown t o  pro tect  o the r pigle t s  

agains t infect ion wi t h  thi s  organi sm. Pi g l e t s  that recei ved thi s serum 

did  no t d evelop a bac teraemia f o l lowing a r t i ficial  infe c t i on , howeve r 

a ba c t e r a em i a  d ev e l o p e d  i n  nine of  e l even non-protected p i g l e t s .  
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A g a r w a l ( 1 9 6 8 ;  1 9 6 9 a ; 1 9 6 9 b )  and Aga rwa l e t  a l  ( 1 9 6 9 )  a l s o  

demonst rated the protect ive nature o f  serum f rom "norma l "  sows . Of 1 4  

pig l e t s  that received a subcut aneous i nj ect ion of 2 0  m l  o f  sow s e rum , 

only one deve l oped a bact e raemia  fo l l owing a r t i f i c i a l  i nfec t i on wi th 

S. sui s type 1 .  However , te n  of 1 4  piglet s  that d i d  no t receive the 

s e r um d ev e l op e d  a bac t e ra e m i a  af t e r  a r t i f i c i a l  i n f e c t i on .  Thi s  

bact e r i os t a t i c  prope r ty of  s ow s erum was neut rali zed  b y  the add i t i on 

of the purif i ed capsular polysaccharide of s. suis type 1 .  Aga rwal 

e t  a l  ( 1 96 9 )  be l i eved tha t thi s protect ive abi l i ty was f rom antibody 

d i re c t e d  s p e c i f i ca l ly against  t he capsule of s. sui s type 1 .  They 

p r o p o s e d  t h a t t h i s  a n t i b o d y  b e l o n g e d  t o  t h e  I g M c l a s s  o f  

immunog l obu l i n s .  The s e ra o f  most  pigs rea red und er  conventiona l 

condi t i ons deve loped bac ter i os t a t i c  a c t iv i ty agains t S .  suis type 1 by 

the  a g e  o f  f o u r  we ek s .  H o w ev e r s e ra f r om hy s te re c t omy der ived , 

colos t rum deprived pigle ts , reared i n  a "pa thogen f ree" environment , 

had no bacteri o s t a t i c  effect , even when collec ted f rom pigs whi ch were 

s i x  m o n t h s  o l d .  S t r oj na et al ( 1 9 7 8 )  simi larly demonstra t ed tha t  

s .  suis type 1 ,  al though pa thogenic for three we ek old  p i gl e t s ,  was 

non-pa t hoge ni c f o r  o l d e r  p i g s .  Non-capsulated s t rains of s. sul s 

type 1 were sus ceptible  to  phagocytos i s  in  vi t ro by p i g l e t  neut rophi l s  

wi thout the add i ti on o f  the pro tect ive sow serum , and i t  was assumed 

that these s t ra i ns were non-infect ive ( Agarwa l  et  a l , 1 9 69 ) 

E l l i o t  e t  a l  ( 1 9 6 6 )  found tha t when S .  sui s type 1 was sprayed 

i n t o  t h e  nas opharynx of pigl e t s , the re was rapi d  i nvasion of the 

blood . However , mos t  pigle t s  con t i nued to thrive even when more than 

300 organi sms per ml of blood could be detected for  a period of up t o  

three weeks . The disappea rance of  s.  sui s type 1 f rom the blood was 

bel i ev ed t o  be associa ted wi th  the d eve l opment of a c t i ve immunity.  

S us c e p t i b l e  p i g l e t s  were protected agai ns t infection wi th  s. sui  s 

type 1 a f t e r  receiving sera f rom conval escent pigl e t s .  

In  the experiment o f  Wi l li ams  e t  a l  ( 1 9 7 3 )  only one of four , ten 

day old pigle t s  devel oped c l i ni c a l  s i gns of meni ngi t i s  and a r thri ti s 

after  oral  i nf e c t i on wi th s. suis  type 1 .  A l t hough thi s o rgani sm could 

b e  d e t e c t ed i n  the ton s i l s  and submandibular lymph nodes of a l l  

pigle t s , bac t e raemia was d e te c ted  only in  the p i g l e t  with cl ini ca l  

signs.  Thi s  bac t e raemia deve loped e l even days af t e r  i nfec t i on wi th  

S.  sui s  type 1 and was de tec ted f o r  nine  day s .  
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In an a t tempt to i nduce endocardi t i s  i n  pigs , Co tchin and Hayward 

( 1 95 3 )  gave a s ingle i n t ravenous i nj ec t i on of  s t reptococci t o  two , 1 4  

w e e k  o l d  p i g s , and a s e r i es of e l even i n t ravenous i nj ect i ons to  

anot he r  two pigs . Al though the s t reptococcus could no t be grouped wi th  

any o f  t h e  a n t i se ra ava ilable a t  the time , the  organi sm produced 

b i o c hemi c a l  reac tions simi lar  to  those now recognized for s. sui s 

type 1 .  One o f  the pigs  tha t rece ived a singl e inj e c t i on of  more than 

1 0 1 0  s t reptococci , subsequent ly deve loped arthr i t i s  and a mi t ral  va lve 

endocard i t i s  whi l s t  the o the r pig showed on ly h i s t o logical evidence of 

endocard i t i s .  One of t he pigs tha t  received a s e ri es of inj ec t i ons 

a l s o  d ev e l o p ed an a r t h r i t i s  whi l s t  the o ther rema ined appa ren t ly 

normal .  Hont and Banks ( 1 9 44 ) also  a r t if i c i a l ly produced st reptococcal 

endocard i t i s  in two p i g s .  They f o l lowed a regime of  five int ravenous 

i nj ecti ons using i nc reas i ng doses of the i r  s t reptococcal i so l a t e .  One 

p i g  l os t w e i g h t  and  d e v e l oped severe endocard i t i s  of the a t r io­

v e n t r i c u l a r  v a l ve whi l s t  the o ther pig  developed s l i ght endo and 

peri card i t i s .  

Infe c t i on wi th  s .  sui s type 2 

Wind sor and E l l i o t  ( 1 9 7  5 )  reported the f i r s t  cl i ni ca l  cases of 

i nfection wi th  S. sui s  type 2 in  pigs  in Bri t ain.  They infected four , 

ten week old pigs by s pray i ng a field  isolate  of s .  sui s  type 2 i nt o  

t h e  pigs ' throa t s  and nose s .  Ini t i a l ly 1 06 o rgani sms we re admi ni s tered 

f o l l owed by a fur the r 1 09 organisms ten days l a te r .  Only one pig 

d ev e l o p e d  a me ni ngi t i s  and a r thr i ti s , f ive  day s  af ter the second 

i no c u la t ion.  S t reptococcus sui s type 2 was i sola ted f rom the hea r t  

b lood , peri t oneum , pericard i um ,  b r a i n  and inflamed j o ints  o f  thi s p i g .  

S t reptococcus suis type 2 was no t cul tu red f rom the nasal cavi ties  or  

t hroats  of  the three apparently no rma l pi g s .  

F r i e nd a n d  S i m s  ( 1 9 7 8 )  reported d i f fi cu l t i es in  cons i s t en t ly 

reproduci ng disease i n  pigs  a f t e r  a r t i f i c i a l  i nfect i on wi th S .  sui s 

type 2 .  They could p ro duce d i sease i n  three day o l d  colos t rum deprived 

p ig le t s , by ei ther t on s i l lar  or int ravenous i nocul a t i on.  However ,  they 

w e r e  abl e  to infect  only one , three week old piglet  reared und e r  

conven t i on a l  condi t i ons . S i mi larly Clausen ( 1 98 0 )  and Pede rsen ( 1 98 3 )  

reported d i f fi cul t i e s  i n  a r t i f i c i a l ly producing d i sease wi th  S .  sui s 

type 2 .  Clausen ( 1 98 0 )  found tha t mening i ti s  could only be produced by 
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subarachnoid i nocu l a tion .  However ,  s everal pigs d i d  deve lop a m i l d  

polyar thr i t i s  a f t e r  int ravenous infe c t i on .  A l l  three pi gs tha t  were 

i nf e c t ed by the s ubarachnoid route d eveloped nervous signs 1 6  hours 

af t e r  infec t i on .  Whe n  two of these pigs were eu thanased 20 hours a f t e r  

i nfect ion , there was hi s t o logical  ev i dence o f  meni ng i t i s , howeve r  the 

mening i t i s  was no t as  seve re as that  found i n  field  case s .  The thi rd 

p i g  r e cove re d  4 0  hou r s  a f t er  i nfect i on and subs equen t ly remained 

apparent ly norma l .  Because of  the d i f f i cul ty in reproducing c l i nical  

d i seas e ,  Clausen ( 1 980)  be l i eved tha t o the r unknown factors , as  we l l  

a s  infection wi th  S .  sui s type 2 ,  were i nvolved i n  the deve lopment of 

d i sease.  

C li f ton-Hadl ey and A lexander  ( 1 98 0 )  i nfected 20  weaned pigs  wi th  

s .  sui s type 2 by e i ther the int ranasal o r  int ravenous rou t e .  Seven 

pigs developed c l i nical  s igns wi th four subsequen t ly dy ing .  At autopsy 

S. suis type 2 was only i solated f rom the t ons i l s  of two pigs whi ch 

had recovered from i nfec t ion , and four heal thy pigs.  These s i x  pigs 

had a l l  deve loped opsonic antibodi es to s. sui s type 2. On the basi s 

o f  these f ind i ngs , they p roposed tha t the tons i l  may act as a carr i er  

site  for S .  sui s type 2 i n  the heal thy p i g .  

P e d e r s e n  e t  a l  ( 1 9 8 1 ) u s e d t h e  int raderma l and subcutaneous 

rou t es  to i nocu l a t e  seven pigs wi th  S .  suis type 2 i s olated f rom a 

human case o f  meningi t i s .  A l l  pigs d eve loped a local inflamma tory 

r e a c t i on ,  a t  t h e  s i t e  o f  i nj e c t i o n .  Thi s i n f l amma tory reac t i on 

pe rsi s ted f o r  s everal day s .  One pig subsequen t ly developed a r thr i t i s  

eight days af te r  i nfect ion . When thi s p i g  was aut ops ied ,  four weeks 

a f t e r  i n f e c t i o n , the j o in t s  contained a copious , cloudy exuda t e .  

S t re ptococcus suis type 2 was cul tured f rom one o f  these a r thri t i c  

j o i n t s . N o  o t h e r  p i g s  d ev e l o p e d  c l i ni c a l  s t g n s  o r  h a d  lesions 

d e t e c t ab l e  a t  p o s t m o r t e m .  Howeve r ,  t wo apparen t ly heal thy pigs 

r e p e a t ed l y  gave pos i t ive bl ood cul tures of S .  su:l  s type 2 .  These 

b a c t e r a e m i a s  d e v e l o p e d  s ev e n  and  n i ne day s a f t e r  i n f e c t i on .  

S t re ptococcus suis  type 2 was also  cul tured from the blood of three 

o ther pigs , 2 4 hours af te r  inf ec t i on .  

U n l i k e o t h e r  w o r k e r s , S w e  ( 1 9 7 6 ) reco rd ed mo r e  o bv i o u s  

pathological  changes when 2 1  weaned pigs , aged be tween four and eight 

weeks , w e r e  i nf e c ted wi t h  s. suis  type 2.  He used four d i f ferent 

r ou t e s  o f  i no c u l a ti on and the resu l t s  obt ai ned are summa ri zed i n  
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Ta b l e  7 . 1 .  Clini c al  s igns of  mening i t i s , ar thri ti s  and septicaem:f a 

were d e tec ted i n  mos t convent i ona l ly reared pigs tha t were infec ted by 

the i nt ravenous , intranasa l  or  p ercutaneous route s .  No di sease was 

evident  i n  pigs i nfec ted by the pharyngeal  route .  C l i f t on-Hadley and 

A l e xand e r  ( 1 9 8 1 )  r e p ea t e d t h e s e  ex periments ,  but were unab l e  to 

rep roduce the same l eve l o f  di sease as  Swe ( 1 97 6 ) .  The i r  resul ts  are 

l i s ted in Tabl e  7 . 2 . The propo r t i on of pigs tha t  deve loped meningi t i s 

i n  t he i n t rana s a l ly i no cu la t ed group was simi lar t o  tha t in the 

int ravenous ly i nfec ted group. A l l  pigs d eve loped a se p t i caemia and 

subsequent ly an arthri t i s  f o l l owi ng int ravenous i nfect i on.  Howeve r ,  i t  

was n ot  s tated i f  the repor t ed "septicaemi as"  were c l i ni cally d i s eased 

a n i m a l s  or m i c r ob i o l og i c a l l y d e t e cted ba cteraemi a s  i n  apparent ly 

n or ma l p i g s .  These a r t i f i c i a l ly induced bacteraemi as pe rs i s ted for  

between ten and 24 days.  These f i ndings  i ndicated tha t meni ng i t i s  did  

no t necessari ly occur even when S .  sui s type 2 was p resent in the 

blood i n  large numbers and f o r  p rolonged period s .  S t reptococcus sui s 

type 2 was also  i solated f rom the j o i n t s  and ce rebro-spinal f luid of 

expe r i m e n ta l ly i n f e c t ed pigs t hat d i d  not have apparen t  c l i nical 

di sease . The t onsi l s  were i nfe c t ed wi th s. sui s type 2 in 48% of the 

expe r i m e n t a l ly i n f e c t e d  p i g s . Mos t o f  t h e s e  c a r r i e rs a l s o  had 

deve loped opsonic  an ti bodi es against S. sui s type 2 .  Howeve r ,  these 

ant i bod i e s  did no t appear to provide the same pro te c t i on as simi lar 

an t i bod i e s  against  s. sui s type 1 .  Hys terectomy d e rived , co los t rum 

deprived pigl e t s  appeared more susceptible  to di sease f rom S .  suis 

type 2 th an  d i d  p i g s  reared unde r conven t i ona l cond i ti ons.  I n  an 

a t t em p t  to d e t e rmi ne t h e  pa t hway o f  i n f e c t i on to the men i nges , 

cul tures of  S .  sui s type 2 we re depos i ted ei the r  i n  the anteri or nares 

or  i n  the regi on of the c r i b r i f o rm pla te .  Resul t s  indicated that there 

wa s n o  a p p a rent d i fference :f.n  the onse t of c l i nical  di sease f rom 

i n f e c t i o n  b y  e i t h e r  r o u t e .  I n t r a m u s c u l a r i n j e c t i o n s  o f  a 

cor t i cos te ro i d  ( beta me thas one sodium phos pha t e )  we re admi ni s te red to 

pigs i nf ected wi th  s .  sui s type 2 in an at tempt to simulate s t res s  or 

i n t e r fere wi t h  the immune def enses of the body . Howeve r ,  when these 

pigs we re infect ed via the i n t ranasal  route none d eve loped c l i ni cal 

d i s ease ( Cl i f ton-Hadl ey , 1 984 ) . 

I n  t h e  U n i t e d  S t a t e s , Shuman e t  a l  ( 1 9 7 2 )  i n f e c t e d  f i v e  

h y s t e r e c t o my d e r i v e d , c o l o s t r u m  d e p r i ve d  p i g s  wi th  g r o u p  R 

s t re p tococci by the int ravenous rout e .  They inocula t ed two doses of a 

cul ture contai ning 1 2 . 55 x 1 08 organisms a t  three day interva l s .  A l l  
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INOCULATION 
ROUTE 

Intravenous 

Intranasal  

Castration 
Wounds 

Intrapharyngeal 

TABLE 7 . 1  

SUMMARY OF TRANSMI SSION EXPERIMENTS OF SWE ( 1 976 ) 

NUMBER OF P IGS 
INOCULATED 

1 0  

3 

4 

4 

NUMBER OF P I GS DEVELOP ING DI SEASE 

SEPTICAEMIA ARTHRIT I S  MENINGITI S 

8 8 7 

2 1 3 

2 3 2 

0 0 0 

TOTAL 
NUMBER 

AFFECTED 

8 

3 

3 

0 

...... 
CO 
...... 



TABLE 7. 2 

SUMMARY OF TRANSMI SSION EXPERIMENTS OF CLIFTON-HADLEY AND ALEXANDER ( 1 981 ) 

INOCULATION 
ROUTE 

CONVENTIONAL P I GS 

Intranasal  

Intravenou s 

NUMBER OF PIGS  
INOCULATED 

2 1  

1 8  

NUMBER OF PIGS DEVELOP ING DI SEASE 

SEPTICAEMIA ARTHRI T I S  MENINGITI S  

4 3 4 

1 8  1 8  5 

HYSTERECTOMY DERIVED COLOSTRUM DEPRIVED P I GLETS 

Intranasal 7 6 3 6 

TOTAL 
NUMBER 

AFFECTED 

4 

1 8  

6 

,_. 
CXl 
N 



p i g s  s howed reduced appe t i t e s , were l i s t less  and devel oped s l i ght 

lameness  in the f i r s t  week a f t e r  i nfec tion.  Three p i g s  became more 

l am e  f ive weeks af ter i nocula't i on.  When these pigs were autopsi ed 

t he i r  j oi n t s  conta ined an exc ess  of  thi n c loudy synovial  f lui d f rom 

whic h  group R s t reptococci we re  i solated .  Prior  to the expe riment , 

g roup D s t rept ococci had been de tec ted in  the tons i l s , however on 

a u t o p sy g r o u p  R s t re p t o co c c i  we r e  a l s o  p r e s e n t . These f i ndings 

d i f f e r e d  s i gn i f i cantly f rom those of Cli f ton-Hadley and Alexande r 

( 1 98 4 )  who found tha t hys t e rectomy derive d ,  colos t rum deprived p i g l e t s  

a p p e a r e d  t o  b e  m o r e  s u s c e p t i b l e  t o  c l i n i c a l  d i s e a s e fo l l owing 

i. n t r a v e n ous i nf e c t i on than d i d  conventional ly  reared pi g s .  I t  i s  

po s s i b l e  tha t the Ameri can s t ra i ns of  S .  suis type 2 we re of  lowe r 

virulence than the s t rains used by the Br i t i. sh wo rkers . 

Experimental infection wi th group R-S s t reptococc i  

Pedersen e t  a l  ( 1 980 , 1 98 1 ) inocula t ed 35  s pecif i c  pa thogen free 

p i g s  w i t h  g r oup RS  s t re ptococ c i  ( the s t re ptococci wi th Lancefi eld 

ext ract s  which rea c t  wi th a n t i se ra t o  bo th  g roups R and S ) .  The eight 

to 1 5  week old pigs were i nocula ted ( 0 . 1 ml int rad e rma l ly and 0 . 4 m l  

subcutaneously ) wi th a cul ture a t  the end of  i t s  exponent ial  g rowth 

phase . Al l pigs deve loped a loca l infl amma tory reac t ion a t  the s i t e  of 

i nj e c t i on .  One pig d eve loped meningi t i s  and died wi thi n two days of  

i nocula t i on ,  whil s t  another nine developed arthri t i s .  Four pi gs  we re 

a lso  found to have an endocard i t i s  on examina t i on pos t  mortem.  The 

pigs  wi th arthr i t i s  had bac te ra emi as for  be tween three and 33 days . 

Howeve r pigs wi th endocard i t i s  re pea t edly gave posi t ive bl ood cul tures 

for up to SO days unti l the pigs  we re ei ther ki l l ed or died. The group 

RS  s t reptococ c i  that were i so l a t ed from the bl ood of three pigs  with  

endocard i t i s , los t i t s  speci f i c  po lysacchar ide ant i gen.  The worke rs 

con si d e re d  thi s loss wa s impo r tant because of the impossibi l i ty i n  

d i f fe re n t i a ti ng be tween s t reptococci be longi ng t o  g roups R and RS  on 

b i o c h e m i c a l  t e s t s  a l one . N i n e  p i g s  we re a l so i noculated by the 

in t rana s a l  route wi th one ml of group R S  s t reptococc i . Only one pig 

was affec ted , dying suddenly 36  hours af ter  i nocula t i on.  Thi s pi g was 

found to have conges ti on of the meninge s  and g roup RS s t reptococci 

were i s ol a ted f rom mos t  organs of  the body . 
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T h e  o n e  comm on f a c t o r  i n  m o s t expe r i men t s  i nv o l v i ng t h e  

a r t i fi ci a l  i nfect ion o f  p i g s  wi th S .  sui s types 1 ,  2 or  1 /2 , has been 

t h e  d i f f i cu l ty i n  c on s i s t e n t ly r e p rod u c i ng d i sease . The use of 

hy s t e re c t omy d e r i ve d , c o l o s t rum d e p r i ved pigs has produced more 

r e pe a tab l e  resul t s , however ,  these pigs are cos tly t o  produce and 

mai n tain. Mo s t  workers have found that suba rachnoid and i n travenous 

i noculat i on of S. sui s produces c l i nical  d i sease more f requently than 

does in t ranasal , subcutaneous or  i nt raderma l i nocula tions . From the 

r e s u l t s  o f  t h e s e  wo rke r s  i t  would appear tha t othe r factors are 

i nv o lved , b e s i d e s  the p re sence of infect i on wi th  s .  sui s ,  in the 

d eve lopment of  c l i ni ca l  d i sease.  

ARTI FICIAL INFECTION OF THE REPRODUCTIVE TRACT 

INTRODUCTION 

In Chapter V i t  was shown tha t bo th S. suis  types 1 and 2 could 

be i sola t ed f rom the vag i nas and uteri of  fema l e  pigs s laught e red a t  

the meatworks . Howeve r ,  only one isolate ( S .  sui s type 2 )  was obt a i ned 

f rom the male reproduc t ive sys t em.  In Chapter  VI it was shown tha t  

p i g l e t s  f rom a vagina l  carrier  were infect ed w i t h  S .  sui s type 2 a t  an 

e a r l i e r  age  than p i g l e t s  from non-vaginal carri ers . These vag i na l  

i nf ect ions were be l i eved to have orig inated  f rom e i t her u t e r i ne or  

haema togenous i nfec t i ons . The aim  o f  thi s exper iment was t o  d e termi ne 

i f  ascendi ng geni tal  i nfe c t ion of S .  sui s could occur. 

MATERIALS AND METHODS 

Pigs 

Twe n ty- four  p i g s  ( 1 2  ma l e s  and f em a l e s ) we re  s e l ected f o r  

infecti on wi th s. sui s f rom five l i tt e rs of  herd 1 .  The selec t i on was 

made on the bas i s  that  a l l  pigs would be s laught ered four to five 

weeks a f te r  the s ta r t  o f  the experime n t .  A l l  pigs  were ident i fi ed by 

ear  tags and housed i n  three pens . One pen con tained e i ght o the r pigs , 

as  wel l  as the infec ted pig s .  These pigs were used as non-i nfec t ed 
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controls . A l l experimental pigs were handled i n  a simi l a r  manne r to 

the res t o f  the pigs , excep t  for the rou t i ne sampling as  described 

be low. Pigs  were slaughtered in two ba t ches four and five  weeks a f t e r  

infection .  

Sampl i ng Technique 

A l l  pigs we re sampled prior  to  the experiment and then at twi ce 

weekly i n te rval s un t i l  they we re s laughtered.  A swab l was i nserted 

a p p r oximat e ly four cm into the vagina or  prepuce of  each pig and 

rotated on the mucosa.  These swabs we re returned to the laboratory 

wi thin one hour of col l e c t i on.  They we re plated ont o  sheep b lood agar , 

i ncubated  for 1 8  hours at  3 7 °C and an J . F . A . T . for bo th s .  sui s types 

1 and 2 was per formed on the bac t e r i a l  g row th as  descri bed earl i e r .  

At  s l augh te r , the t o t a l  fema l e  reproduct i ve tract o r  bo th tes tes , 

epididymides  and semina l vesicles  we re co ll e c t ed f rom the pig s .  The se 

were returned t o  the labora t o ry wi thi n  two hours of co l l ect ion.  The 

exte rnal surface of the samples  was flamed and inci sed wi th a s te r i l e  

scalpe l .  Swabs were t aken f rom t h e  vag ina , cerv i x ,  and bo th  u t e r i  or  

f rom bot h  tes t e s , epididymides and s eminal vesicles . The se we re plated 

o n t o  s h e e p  b l ood agar and an I .  F . A . T .  performed on the bac t e r i a l  

growth.  

Infec t i on 

Isolates  o f  bo th  S .  sui s  types 1 and 2 were cul tured f rom the 

t on s i l s  of a p p a re n t l y  h e a l t hy p i g s  o r i g i na t i ng from thi s herd . 

Cul tures o f  these i so la t es were g rown ove rni ght i n  Todd Hewi t t  Bro t h .  

The number of  o rgani sms present i n  each m l  o f  broth was d e t e rmined by 

the technique described i n  Chapter  IV. Pigs we re randomly  divided into  

two groups con taini ng equal numbe r s  of  ma les  and fema l e s  and i nf e c t ed 

wi t h  ei ther S. sui s type 1 or 2 .  One ml o f  broth , con t a i ning e i the r  

6 .  4 x 1 09 s .  suis type 1 o r  3 .  5 x 1 0 1 0  s .  sui s type 2 ,  wa s infused 

into the vag i na or  prepuce . The broth was admini s te re d  by a sy r i nge 

wi t h  a piece  of pl as t i c  tubing securely fi t ted ove r  the hub . The 

tubing was i ns e rted approx ima t e ly four cm into  the vag ina o r  prepuce 

bef ore the cul ture was depos i ted . 

1 Hos piswab , Medi cal Wi re and Equipment Ltd , Corsham 
Wi l t shi re Eng land 
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RESULTS 

Tables 7 . 3  and 7 . 4  record the isola t i on of s. sui s types 1 and 2 

respe c t ively f rom vag i na l  and prepu t i a !  swabs of  live pigs as we l l  a s  

f rom s amples o f  the rep roduct ive t racts  col lected af t e r  s laugh t e r .  

S t r e p t o c o c cus sui s  was not i so l a t ed f rom any prepu t i a !  o r  vagina l 

swabs prio r  to a r t i f i ci a l  i nfection .  S t r e ptococcus sui s was also  not  

i s o l a t ed f rom any o f  the t es t es , epl didymi des  or  seminal ves i c l e s  

collected af ter s laugh t e r .  Howeve r  prior to  s l aughte r ,  s .  sui s  type 1 

had been de t ected i n  prepu t i a !  swabs taken f rom five o f  the six  pigs  

i nocu l ated wi th thi s type  and S .  suis  type 2 f rom all  of the  six  plgs  

i no c u lated . There was no  s pread of  i nfection  to  non-i nfected ma l e  

p i g s .  A t  s laughter ,  s .  sui s type 1 was found i n  the vagina of on ly one 

of the s i x  femal e s  i noculated wi th  thi s type and was not i solated f rom 

the vaginas of any o the r pig s .  P r i o r  to s laugh ter s. sui s type 1 had 

been d e tec ted in a t  leas t one of the vaginal  swabs f rom f ive of the 

six  pigs i noculated with thi s type . In the week before s laught e r ,  only 

one of these s ix pigs was iden t i f i ed as  having swabs posi t ive f o r  

s. sui s  type 1 .  Thi s  p i g  was the one subsequently  recorded a s  havi ng a 

posi t ive vagi nal swab af ter s laughter.  At  sl aught e r , S .  sui s  type 2 

was de tected in the vagi nas o f  th ree of s i x  pigs  inocu l a t ed wi th thi s 

t y p e  a s  we l l  a s  f r om one non- i nf e c t e d  con t ro l .  A l l  six fema l e s  

i nocula ted wi th s .  s u i s  type 2 ha d previous ly yi elded a t  leas t one 

posi t ive vagi nal swab f o r  s. suis type 2 .  Howeve r ,  only the three pigs 

which we r e  subs e q u e n t l y  sh own a f t e r  s l a u g h t e r  to  have i nf e c t e d  

vagina s , h a d  pos i t ive vagina l swabs i n  the week before s laughte r .  The 

non-i nf ected con t ro l  gi l t  tha t  was po s i t ive for S. sui s type 2 a t  

s laugh t e r , was ini t i al ly iden t i f i ed a s  being infected 1 5  days a f t e r  

h e r  p e n  ma t e s  h a d  b e e n  a r t i f i c i a l ly i nf e c t ed.  St reptococcus sui s 

type 2 was also  i so l a t ed f rom the vagina o f  thi s pig i n  the week pri o r  

t o  s laugh te r .  Streptococcus sui s was not found i. n any o f  the c e rv i c e s  

o r  u t e ri c o l lected a t  slaught e r .  The re w e r e  a l s o  n o  obvi ous body 

d i s c h a r g e s  f r o m  p i g s  o f  e i t h e r s e x  d u r i n g  t h e p e r i o d  o f  

experimenta t i on.  

DISCUSSION 

I n  t h e  present experiment ,  i t  mus t be considered whether the 

d e t e c t i on of s. s u i s i n  t he v ag i n a l  a nd p repu t i a !  swabs was an 
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ANIMAL TYPE OF 
NUMBER SEX S . SU I S  

INOCULATED 

1 M 1 
2 M 1 
3 M 1 
4 M 1 
5 M 1 
6 M 1 
7 F 1 
8 F 1 
9 F 1 

1 p F 1 
1 1  F 1 
1 2 F 1 

TABLE 7. 3 

I SOLATION OF S .  SUI S  TYPE 1 FROM THE REPRODUCTIVE TRACT 
OF ARTIFICIALLY INFECTED PIGS 

I . F . A . T .  ON VAGINAL/PREPUTIAL SWABS I . F . A . T . ON SAMPLES 
0 4 8 1 2 1 5  1 9  22 2 6  30 VAGINA CERVIX UTERUS 

+ 
+ + + + + + + + 

+ + + + + + 

+ + 

+ + + + + 

+ + + + 
+ 
+ 

+ 
+ + + + + 

COLLECTED AT THE MEATWORKS 
TESTES SEMINAL EP I DIDYMI DES 

VESICLES 

( CONTINUED) 



ANIMAL TYPE OF 
NUMBER SEX S . SU I S  

INOCULATED 

1 3  M 2 
1 4  M 2 
1 5  M 2 
1 6  M 2 
1 7  M 2 
1 8  M 2 
1 9  F 2 
20  F 2 
2 1  F 2 
2 2  F 2 
2 3  F 2 
2 4  F 2 

2 5  F 
2 6  F 
2 7  F 
2 8  F 
2 9  F 
30 M 
3 1  M 
32  M 

TABLE 7 . 3  ( C ONTINUED) 

I . F . A . T . ON VAGINAL /PREPUTIAL SWABS I . F . A . T .  ON SAMPLES COLLECTED AT THE MEATWORKS 
0 4 8 1 2  1 5  1 9  2 2  26  30 VAGINA CERV I X  UTERUS TESTES SEMINAL EP IDIDYMI DES 

VES ICLES 



ANIMAL TYPE OF 
NUMBER SEX S . SU I S  

INOCULATED 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  

M 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 
F 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TABLE 7. 4 

I SOLATION OF S .  SUI S  TYPE 2 FROM THE REPRODUCT IVE TRACT 
OF ARTIFICIALLY INFECTED PIGS  

I . F . A . T . ON VAGINAL /PREPUTIAL SWABS I . F . A . T . ON  SAMPLES COLLECTED AT THE MEATWORKS 
0 4 8 1 2  1 5  1 9  22  2 6  30 VAGINA CERVIX UTERUS TESTES SEMINAL EPIDIDYMIDES 

VESICLES 

( CONTINUED ) 



TABLE 7 . 4  ( CONTINUED) 

ANIMAL TYPE OF I . F . A . T .  ON VAGINAL/PREPUTIAL SWABS I . F . A . T .  ON SAMPLES COLLECTED AT THE MEATWORKS 
NUMBER SEX s . su i s  0 4 8 1 2  1 5  1 9  2 2  2 6  30  VAGINA CERVIX  UTERUS  TESTES SEMINAL EPIDIDYMI DES 

INOCULATED VESICLES 

1 3  M 2 + 

1 4  M 2 + + + + + + + + 

1 5  M 2 + + + + + + + 

1 6  M 2 + + 

1 7  M 2 + + + + + + 

1 8  M 2 + + + 

1 9  F 2 + + 

20 F 2 + + + 

2 1  F 2 + 

22  F 2 + + + + + + + + + 

2 3  F 2 + + + + + + 

2 4  F 2 + + + + + + + 

2 5  F + + + 

2 6  F 
217 F 
2 8  F 
2 9  F 
30 M 
3 1  M 
32  M 



i ndica t i on of a t rue infect i on in  whi ch mul t i p l i ca t i on of the organism 

o c c u r red , o r  purel y  i t s  pe rs i s tence f rom the ini t i a l  inoculum .  In 

Chapter I V  i t  was found tha t S.  sui s  surv ived in  vi t ro for up to  five 

d ays in  a solut i on of physio logical s a l i ne ma intai ned at  3 7°C. In the 

p resent exper iment ,  the swabs f rom s i x  anima l s  ( four mal e s  and two 

fema l e s )  were de tect ed as posi t ive for  s .  sui s ty pe 1 ,  and the swabs 

of  1 1  anima l s  ( fi v e  mal e s  and s ix fema l e s ) pos i tive for s. su i s  type 2 
for  more than f ive days a f t e r  the i nocu l a t i on procedure . Due t o  the 

p r e s en c e  of v i abl e S. sui s  in the vag i na and prepuce f o r  pe riods  

l onger than was d emons t ra ted in the in  vi t ro s tudi es , i t  wa s concl uded 

t ha t  S. sui s was " infecting" these organs . 

In the present expe riment , s .  suis  could not be ident i f i ed in  

v a g i n a l  o r  p r e p u t i a !  swa b s  co l l e c t e d f r om 3 2  pigs  p r i o r  to  

i nocula ti on .  The se findings  ag ree wi th those recorded i n  Cha pter  V 

where no S .  sui s were found i n  vagina l  swabs co l lected f rom bacon 

weight pigs or f rom any prepu t i a !  swabs . Of the 1 2  pigs i nocu l a t ed 

wi th S .  sui s type 1 ,  1 0  ( 8 3 . 3 % )  produced pos i tive swabs for thi s type , 

and of 1 2  pigs i nfected w i t h  s. sui s  type 2 a l l  subsequently gave at  

l eas t one pos i t ive swab for  thi s type.  No  s .  sui s  were d e t ec t ed i n  

s a mp l e s  o f  t h e  m a l e  r e p roduc tive t rac t ( t es tes , epi d idymi des  and 

s emina l  vesi c l e s ) even when p re put i a! swabs had been pos i t i ve on the 

d ay pri or t o  s la ugh t e r .  Howeve r a f t e r  s l aughter  S. sui s were de te cted ' 
i n  some vag i nas , but  no t f rom any cervices  or uteri . Therefore i n  thi s 

i nves tigati on there was no ev i d ence of ascend i ng i nfect ion of s .  sui s 

f rom the vag i na t o  the uterus or f rom the prepuce to the t e s t e s .  

H oweve r ,  i n  Cha p t e r  V n o  bacon we i ght p i g s  were found to have uteri  

i n f e c t ed w i t h  S .  sui s .  I n f e c t i o n of  t he u t e r u s  may  b e  v i a  a 

haematogenous route or i f  i t  i s  vi a an ascend i ng infec t i on i t  may not 

occur unti l  the animal farrows or has had s everal oes t ru s  cyc l e s . 

Duri ng ovu l a t i on and farrowi ng there i s  relaxa t ion of the muscula ture 

o f  the re p ro duc tive t rac t and the refore there would be a g reater  

chance for  ascendi ng infec t i on · to occur.  One fema l e  control  pig also  

h a d  s .  sui s t y p e  2 i s o l a t ed f r om t he v a g i na , t wo w e e k s  a f t e r  

i noculati on o f  her pen ma t e s .  Thi s may have been caused by ma t i ng or  

being mount ed by  an a r t i f i ci a l ly i nfec t ed mal e .  The re was no evi d ence 

o f  an a s c e nd i ng i nf e c t i on i n  t h e  ma l e s , the r e f o re .i f venereal 

t ransmi ssion of  s.  sui s occurs , the boar probably acts purely as a 

m e c han i ca l  t r a n s m i t t e r .  The se f i nd i ng s  are compa t ible wi t h  those 

repor t ed in Chap t e r  v .  
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A s  there we re no obvi ous d :t s charges o r  c l i nical  i l lness seen i n  

these infe c t ed pigs  o r  those i den t i f i ed i n  Chapter V ,  i t  would appear 

that S.  su:t s can be carried ln the reproduct ive tract  wi thout caus l ng 

d i s e a s e .  In thi s respect thi s ca rrier  si t e  may be simi l a r  to  the 

pala t i ne t ons i l .  Howeve r i n  ret rospec t , hi s tological sections of the 

i nf e c t ed and non- i nf e c t e d  r e p r oduc t i v e  t ra c t s  should  have been 

examined t o  see if the re we re any hist opa thological  abnormal l t i. e s .  

Yurukov and Ganovski ( 1 98 1 )  and Jones ( 1 966 , 1 976b ) also  found that 

s t reptococci coul d  f requently be i sola t ed f rom the geni tal  t ract  of 

adul t femal e  pig s .  Koppang and F i l seth ( 1 9 5 8 )  isol a t ed s t reptococci 

f rom the semen o f  ten boars examined and Jones ( 1 97 6b )  found tha t 

s t reptococci could be cul tured f rom 20% of  the pre-sperm fractions  of  

the ej acula tes  of boars . Howeve r ne i the r o f  these wo rke rs spec i fi ca l ly 

i dent i f i ed s .  sui s i n  the i r  samp l e s .  The i so l a t i on of s .  sui s  f rom the 

n o rma l r e p r oduc t ive t ract  may not nece s s a r i ly imply the o rgani sms 

i nv o l veme n t  i n  a d i s e a s e  p r o c e s s , but ra ther i t s  presence as  a 

commensal .  The present resu l t s  would se riously ques t i on the va l i d i t y  

o f  t h e  f i ndings of  Sanford e t  al  ( 1 982 ) and Sala e t  al  ( 1 982 ) who 

i sola t ed s .  sui s f rom cases of vagini ti s ,  endometri t i s  and infer t i l i ty 

and b e l i eved thi s o rgani sm was the cause of t hese condi t ions . Swann 

and K j ar ( 1 980)  repo r t ed tha t s t reptococci  could be i s o la t ed f rom a 

h i g h  pe r c e n tage  o f  b r e e d i ng s ows ex p e r i e n c i ng i n f e r t i l i t y a n d  

abor t i ons . However they demons t ra t ed tha t the re was n o  s :l.gnifi cant 

d i f f e re nc e  be twe e n  the num b e r o f  l ive and dead pigle t s  born to 

i nfec t ed or  non-infe c t ed sow s .  Thi s  finding i s  compa t i ble  wi th the 

find:l. ngs of the present experiment , whe re s. su:l s wa s i sola ted f rom 

heal thy sows and g i l t s .  Prepu t i a l  cul tures by Swann and Kjar  ( 1 98 0 )  

i n d i c a t e d  t h a t 7 5 % o f  b o a r s  we r e  :l. n f e c t e d  wi t h  haemo ly t i c  

s t re p tococc i . Al though t hese authors did not  use ant i se ra for  g roups R 

and S s treptococci i n  t he i r  grouping procedure , i t  i s  po ssible  tha t 

m e mbe r s  o f  the s e  g roups could  have been p re sent as 4 1 %  of  t he i r  

i sola t es could not be g rouped wi th ant i sera from the s t re p tococcal 

g roups A t o  H ,  K ,  L ,  N ,  and 0.  

In  a h e rd w i t h  s e r i o u s  p reweani ng los ses f rom s t reptococcal 

septicaemi a , Macl ean and Thomas ( 1 97 4 )  demons t ra ted an i nc rease in the 

numbe r  of farrowing sows carrying alpha haemo ly t i c  s t reptococci in 

t he i r  vaginas.  Al though i t  would appear tha t vagi na l infec t i on o f  

s. sui s  can lead to  c l i nical  d i sea s e ,  t h e  :1 nt e rpre t a t i on o f  such an 
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i s o l a t i on f rom a "d i s e a sed" reproduc t ive t ract  shoul d  be t reated 

caut i ous ly . 

CONCLUSIONS 

1 .  Ascendi ng i nfection of  s .  sui s  f rom the vag i na to  the ut e rus does 

not  o ccur in female bacon weight pigs.  Howev e r , cros s i nfec t i on of 

s. sui s type 2 f rom pigs wi th i nfect ed vagi nas or  prepuces t o  the 

vagi na of a non-infec t ed f ema le i s  possible.  

2 .  Infec t i on o f  the  prepuce wi th S .  sui s does  not  lead  t o  infecti on of  

o the r organs o f  the mal e  reproduc t ive t ra ct , and the mal e pig does no t 

a ppea r to play an impo r tant role i n  vene rea l t ransmi ssion of s .  sui s .  

3 .  Infec t i on o f  the re p ro duc t ive t rac t wi th s .  sui s doe s not p roduce 

gross  pa tho logical changes .  St reptococcus sui s would appear to act as 

a commensal  organi sm in thi s s i t e and the refore the assoc i a t i on of  

this o rgani sm wi th  d i seased o r  abnormal reproductive t racts  does not  

i mp ly caus a t i on .  

INTRANASAL INFECTION O F  P IGLETS 

INTRODUCTION 

M a n y  e x p e r i m e n t s h a v e  b e e n  pe r f o rm e d  to i nv e s t i g a t e  t h e  

p a t ho g e n i c i t y o f  s .  s u i  s when inoculated int ranasal ly i nto p i g s .  

H owev e r , t he r e have b e e n  few s tud ies  o n  the i nfectivi ty of t hi s 

organism f o r  pigs . The a i m  o f  thi s experimen t was t o  i nves tigate the 

i nf e c t ivi ty and pos s i b l e  pa t hogenici ty of f i e l d  i solates  of S .  sui s 

when admini s te red int ranasa l ly t o  pigl e t s  i n  two l i t t e r s .  Dai ly nasal 

s wa b s  and b l ood s am p l e s  w e r e  co l l e c ted to  fol low the spread of 

i n f e c t i on th rougho u t  t he l i t t e r s .  Th i s  experi.ment was conducted 

conj ointly wi th  Mr z . F . Fu who concurrently inves tigated the s pread of 

rota  v i rus in the se l i t te r s .  
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MATERIALS AND METHODS 

Sows 

Two breedi ng sows were s e l ected f rom Herd 1 ( Chapter  V )  on the 

basi s  tha t  bo th  would f arrow a t  s i mi lar  t imes . Vagi nal , nas a l  and 

r e c t a l  swa b s  h a d  b e e n  c o l l e c t e d  f rom t h e s e  sows a t  t wo-weekly 

in terval s i n  the s i x  mon th  period prior  to the i r  se l e c t i on .  Further 

swa b s  we re  c o l l e c t ed dai ly in the period from one week p r i o r  to 

farrowing to one week after farrowing . Mi lk , co los t rum and swabs of  

the skin around the teat were also col lected after  farrowing. One week 

be f o r e  t he e x p e c t e d  f a r r owi ng da t e , t he s ows we r e  wa s he d  and 

thoroughly sc rubbed with soap and wat e r  and d i s i nfec t e d  wi th  Sav lon2 . 

Th i s  c leaning procedure was pe rformed to  remove ext e rna l d i r t  and 

faeces i n  an a t tempt t o  have sows f ree f rom externa lly carr i ed ro ta 

vi rus . It wa s not  a imed at  removi ng or  d e s t roying s t reptococci ,  i f  

presen t , f rom the skin or  body of  the sow. After d i s i nfec t i on , the 

sows were t ranspo rted to an i s o l a t i on uni t approxima t e ly one km from 

the p iggery . Thi s  bui lding had been vacant for  the prev i ous s i x  mon ths 

and p r io r  to  t h i s  had housed sheep.  Befo re the sows arrived , the 

i s o l a ti on uni t was washed and hosed wi t h  wa ter and di s infect ed wi th 

Mul t ikl een3 . Af t e r  d i sinfection , the uni t was closed up and fumi gated 

wi t h  f o rma l d e hy d e  vapo u r  p ro d u c e d  by h e a ting a 3 7 %  solu t i on of 

formal i n .  Swabs of the f loor and wa l l s  were taken after  fumi ga t i on but 

before the arriva l of the sows . 

The s ows we r e  ho u s e d  i n  i ndividua l  pens approxima tely three 

met res square wi th  a vacant pen be tween s ows . Sows we re fed on the 

f loor and had a me tal  t rough fi l led with  wa ter for d ri nking .  Heat e rs 

we r e  i ns t a l l e d  i n  the uni t t o  ra i s e  t he ambi ent temperature to  

a p p roxima t e l y 2 2 ° C .  Whe n  t h e  s ows f a r rowed , ex t ra hea t e rs we re 

ins t a l l ed t o  provide warm th for  the pigle t s .  A par t i t i oned off  zone 

was cons t ructed to provide the pigl e t s  wi t h  a safe s l eeping area away 

from the sow. 

2 ICI Tasman , ICI NZ Lim i t ed , Upper Hut t ,  New Z ealand 

3 KW P roducts  Ltd , Auckland 
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Piglets 

The numbe r  of p igl et s ,  date of farrowi ng and sex of each pi g l e t  

were recorded . Each pigl e t  was i d en t i f i ed b y  a consecut ively numbe red 

e a r  tag  i n s e rted when the pig l e t s  were three days o l d .  Different 

coloured t ags were used for  each l i t te r  ( o range for l i t t er  1 and red 

for l i t te r  2 ) .  Prior to  ear tagg i ng ,  p igs were ident i f i ed by a numbe r 

wri t ten i n  i nde li bl e i nk on thei r s i des . A t  three day s  of  age the 

p i g l e t s  had t h e i r  t a i l s  docke d , i nc i s o r  t eeth c l i pped and we re 

i nj ected with  one ml  of a Vitami n B 1 2 / i ron complex4 . When the pi gle t s  

we re one week o ld , c reep f eed was provided i n  a plas t i c  t rough. For 

the f i r s t  two weeks of l i f e ,  swabs 5 were co l lected da i ly from bo th 

nasal  chambers of the piglet s .  B l ood sampl es we re also c o l l e c t e d  dai ly 

f rom the cephal i c  vei n  unt i l  the pigs were eight weeks o l d .  When the 

pigl ets  we re four and a hal f  weeks o l d  they we re weaned and the sows 

returned to the herd of origin.  Af t e r  weani ng , the two l i t ters we re 

housed toge the r and remai ned i n  the i so l a t i on uni t un t i l they reached 

the age of eight weeks .  

Infection 

When the pigl e t s  we re one day old , two piglets  from l i t t e r  1 were 

inocula t ed wi th  5 . 5 x 1 09 organi sms of s. sui s type 2 and two others 

wi t h  1 2  x 1 o 9 org a n i sms of  S.  sui s type 1 .  Nasal swabs and bl ood 

samples had been co l l e c t ed f rom a l l  piglets  prior to inocul a t i on. The 

s t rains used f o r  the experiment had been i sola ted from the pala tine 

tonsils  of appa rently hea l t hy p i g s  f rom thi s herd.  The organi sms we re 

grown ove rnight in a Todd Hewi t t  B roth and enumerated by the technique 

described in Chapter IV. A 0. 5 ml  volume of this broth was i nfused 

into the r ight nos t r i l using a syringe and a 25 gauge needle  wi th 

plas tic tubing pl aced snugly ove r  the need l e .  The tub i ng was advanced 

approxima t e ly one cm i nt o  the nasa l  cavi ty prior to inocula tion .  

A t  two days of age , two pig l e t s  i n  l i t t e r  2 we re i nocula ted wi th  

approximat e l y  100  organi sms of s .  sui s type 2 and two o the r p i gl e t s  

wi th approxima t e ly 8 0  organ i sms of  s .  sui s type 1 .  The ini t i a l  bro th 

4 Rubrafer Improved , E. R . Squibb and Sons ( NZ )  Ltd , 
Auckland 

5 Medical Wi re  and Eq uipment Ltd , Corsham , Wi l tshi re , 
England 
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cul ture was d i luted i n  physi ological saline  to  ob tain  the requi red 

num b e r o f  o r g a ni sm s .  The s e  p i gl e t s  we re also inoculated via the 

in t ranasal  rout e as described above.  

Sampl e s  

A l l  swabs were cul tured onto sheep blood aga r and an J . F . A . T . 

pe r formed on the prima ry g rowth  as  desc r i bed i n  Chapter J J J .  

Each day , 0 .  5 m l  of blood was co l lect ed from each pigl e t  and 

d i s p e nsed into unive rsal bo t tl e s  conta i ning 10 ml of  s t eri l e  Todd 

Hewi t t  Broth. Thi s  bl ood-broth suspension wa s incuba ted for 1 8  hour s  

a t  3 7 °C and an I . F . A . T. performed on any bac t e ri a l  growth. 

Pigl e t s  tha t d i ed or  were bo rn dead we re submi t ted to  an autopsy 

and microbiolog ical  examina tion.  

RESULTS 

No s. sui s  we re i solated f rom vag ina l  and rectal  swabs c o l l e c t ed 

f rom sows i n  the si x  month period prior to  far rowing . In thi s pe riod , 

S .  s u i s  type 1 had been de te cted in 33%  and 50% of the twelve nasal 

swabs collected from bo th sows and S.  suis type 2 i n  50% and 6 6 % .  

Af t e r  far rowi ng , s .  suis type 1 was de t e c t ed in  43% and 5 7 %  o f  the 

nas a l  swa b s  and s. s u i s  t y p e  2 i n  57% and 7 1 %.  No S. sui s were 

d e t e c t ed in swa b s  o f  t h e  t e a t  s k i n  c o l l e c t e d one  week b e f o r e  

farrowing . Howeve r  i n  the week f o l lowing par turi t ion ,  s .  sui s type 1 

wa s d e tec t ed i n  1 4% of  the swabs of  the teat  ski n f rom one sow. 

S t rep t ococcus sui s type 2 was also detected i n  1 4% and 28% of the 

swabs of the two sows i n  this period.  S t reptococcus sui s type 2 was 

detec ted in onl y  one sampl e  of  colos t rum. 

Before sows were i nt roduced , 24  swabs of the floo r and wa l l s  we re 

nega t ive for bo th s. sui s type s 1 and 2 .  Swabs col l e c t ed a f t e r  the 

sows had arrived but bef o re they had f a r rowed , were also nega t ive . 

How eve r a f t e r  p a r tu r i ti on ,  s. sui s type 1 was detected i n  4%  and 

s. s u i s  type 2 i n  5 . 5% of 7 2  swabs coll e c t ed f rom the pens housing the 

pig s .  S t reptococcus suis type 1 was detected  in 6% and S. sui s  type 2 
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i n  9 %  o f  3 2  swabs t aken f rom the rim of the wa t e r  t rough. Both 

organi sm s had been dete c t ed on the t rough before and a f t e r  f arrowi ng . 

In Figure 7 . 1  the s pread of the de tec tabl e i nfec t i on of s. sui s 

t y p e s  1 and 2 i s  rec orded f or the l i t t er containing the pigle t s  

i nf ec t ed wi t h  a high dose of  organi sms . A l l  swabs col lected before 

a r t i f ic i a l  i nfec tion were nega t ive for both s. sui s types 1 and 2 .  

Howeve r ,  a f t e r  i nfection o f  two pigl e t s  wi th over 1 09 organi sms of 

S. su is type 1 and a d i f f e re nt  two wi th a simi lar number of S .  sui s 

typ e  2 ,  the re was rapid s p read of  i nfec t i on through the l i t te r .  One 

day a f t e r  a r t i f icial i nf e c t i on ,  88% ( 8 /9 ) and 7 8% ( 7 / 9 )  of pigs were 

found to be infec ted wi th s. su i s  types 1 and 2 respect ively. Two day s 

a f t e r  i nfec t i on ,  a l l  pig l e t s  had reco rded at  least  one posi t ive nasal  

swab f o r  bo th s. sui s types 1 and 2 .  The lowe r curves i n  Figure 7 . 1  

repre sent  the pe rcentage of  posi tive swabs ( bo th nos t r i l s  were sampled 

i n  a l l  pigl e t s ) on each sampl ing day .  In the fi rs t two days a f t e r  

i nocu l a t i on ,  there was a sudden rise  i. n the percentage o f  po s i t ive 

s w a b s  t o  7 2 %  ( 1 3 / 1 8 )  a nd 88%  ( 1 6/ 1 8 )  for s. sui s types 1 and 2 

respectively . Thi s  was f o l lowed by a dec rease in the percentage of  

pos i t ive swabs to a more  constant level of be tween the 30 and 60 

percent i l e  range , seven days a f t e r  infection.  

Figure 7 .  2 i s  a graph of the spread of  infec t i on through the 

second l i t t e r  af ter two pi g l e t s  received approxi ma t e l y  100 organi sms 

of S .  sui s  type 2 and ano the r two pigl e t s  approxima t e ly 80 o rgani sms 

of s. suis type 1 .  In this  l i t ter there were also no posi t ive nasal 

swabs befor� a r t i f i cial i nfect ion. After  inocul a t ion there was a sharp 

r i s e  in  the percentage of infected p.igl e t s , so tha t one day a f t e r  

i nf e c t i o n  82% ( 1 0 / 1 1 )  and 64%  ( 7 / 1 1 )  were i nfected wi th s. sui s ty pes 

1 and 2 respective ly . However ,  these l evels  we re no t a s  high as those 

d e t e c t ed i n  t he l i t t e r  r e c e i v i ng the high dos e .  Two days a f t e r  

infec t i on , a l l  p i g s  in t h e  l i t ter  had a t  l eas t one pos i tive swab f o r  

s .  suis type 2 and a l l  had o n e  swab pos i t ive f o r  s. sui s type 1 three 

days af ter i nfection. The percentage of swabs po s i t i ve for s. sui s 

ty p e s  1 and 2 rose to  the highes t l eve l s  of  68% ( 1 5/22 ) and 64% 

( 1 4 / 2 2 )  r e s p e c t iv e ly two days af ter infect i on .  The proportion of 

pos i t ive swabs then stab i l i zed  in the 30 t o  60 percent  range.  

Four pigs f rom the l i t ter  i nfected with the h i gh dose and three 

f rom the l i t te r  receiving the low dose d eveloped a bacteraemia of 
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FIGURE 7 . 1  

SPREAD OF INFECTION OF S .  SUI S TYPES 1 AND 2 IN A LITTER 

INTRANASALLY INFECTED WITH 109 ORGANISMS 
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FIGURE 7 . 2 

SPREAD OF INFECTION OF S .  SUI S  TYPES 1 AND 2 IN A L I TTER 
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S .  s u i s  t y pe 2 .  Two of these bac t e raemias persi s t ed for  two day s 

whi l s t  the res t were detected f o r  only one day . Thi r teen pigs we re not 

de t ec t ed as  having a bact e raemia of s. sui s type 2 dur ing the eight 

weeks of  sampling .  Two pigs f rom the l i t t e r  receiving the hi gh dose , 

and three from the l i t te r  i nfec ted wi th the low do s e ,  deve loped a 

ba c t e r a e m i a  o f  S .  s u i s  t y p e  l .  Th r e e  of  these bac t e raemi as were 

d et ec t ed for only one day whi l s t  the othe r two pers i s t ed for two and 

three day s .  Fi f teen pigle t s  d i d  not  have a de tectab l e  bacteraemi a of  

s .  s u i s type l during the period of sampl i ng .  A l l  bac t e raemias of 

S .  suis type l were detected i n  the f i r s t  eight days of the pigs l i f e  

( w i t h i n  one  we e k  o f  a r t i f i c i a l  i n t ranasa l  i nfect ion) whi l s t  the 

bac t e raemi as to S. sui s type 2 we re di s t r i but ed ove r the eight week s .  

Two d ead , f u l l  te rm p i g l e t s  and one mummif i ed foe tus were found 

a f t e r  the sows had farrowed . The full term piglet s  were born dead as  

the lungs had not inflated.  S t rep tococcus sui s  types l and 2 we re not  

d et ec t ed in swabs of the body organs of  these three p i g s .  Two , one day 

old  pigl e t s  we re al so found dead . These pigle t s  had sucked and had 

extensive haemorrhages throughout the body which we re probably caused 

f rom ove rl aying by the sow. St re ptococcus suis was not i solated f rom 

any swabs of the body organs . Ano the r pig l e t  subsequent ly d i ed at the 

age of four days old . Thi s  p i g l e t  was a l i t ter ma t e  to the p i g l e t s  

infec t ed wi th  t h e  high dose of  S .  sui s .  The pala t i ne t onsi ls  o f  thi s  

pig l e t we re infected wi th  bo th  S .  sui s types l and 2 .  Nasal swabs , 

col l e c t ed i n  the two days p r i o r  t o  dea th , had also been posi t ive f o r  

s .  sui s types 1 and 2 .  S t re p tococcus s u i s  was not d e t e c t ed i n  any of 

the other organs cul tured . The cause of dea th in  thi s p i g  was again 

be l i eved to  be  ove rlaying by the  sow. 

DISCUSSION 

The resul t s  of these experiments are simi lar to the find i ngs of 

o the r worke rs ( Fri end and Sims , 1 9 78 ; Cl i ft on-Hadley and Al exander , 

1 98 1 ) in  tha t they i l lus t r a t e  the d if f i cul ty of p roduci ng cl ini cal  

disease i n  pigs a f t e r  a r t i f i c i a l  infec tion wi th S.  sui s .  Al though no 

c l i ni c a l  d isease was produced , i t  was evident tha t when only a few 

pigs in a l i t t e r  were intranasa l ly inoculated wi th S .  sui s ,  there was 

rap i d  s p read o f  i nfect ion t o  the othe r pigl e t s  of t he l i t t e r .  The re 

was a s li ght ly fas te r  spread of infect ion in the l i t te r  receiv i ng a 
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high d ose of  s. sui s ( 1 09 o rganisms)  than i n  the l i t te r  receivi ng a 

low dose ( 102 o rgani sms ) .  Howev e r , the spread of i nfection i n  t he 

l i t t e r  receiving the l ow d ose was s t i l l  fas t e r  than that  recorded i n  a 

natura l ly i nfected l i t t e r .  I n  Chapter  VI , 1 00% of  pigs were natura l ly 

i nfec t ed wi th  S .  sui s types 1 and 2 by the age of  38 and 2 6  days 

respectively.  However i n  the present expe r i ment , pigl e t s  i n  the li t t e r  

receiving a high dose o f  s .  sui s types 1 and 2 were a l l  i nfec ted by 

three days of age and p i g l e t s  in a li t t e r  receiving a low dose were 

a l l  i nfect ed by four and three day s  of age wi th  s. s ui s  types 1 and 2 

respe c t ive l y .  These res ul t s  woul d i ndica t e  tha t the mini mum i nfective 

dose  for S.  sui s , when admin i ste red by the i n t ranasal route , is  less  

t han 1 00 o rgani sms . The rapid spread of  i nfec t i on be tween piglets  can 

aga i n  be explained by the f requen t nasal conta c t  bo th be tween pigl e t s  

and be tween piglets  and sows ( What son and Be r t ram , 1 982 ) . 

C l i f t on-Had l ey e t  a l  ( l 9 8 4 b )  repo r t ed the spread of S .  sui s 

type 2 f rom na tura l ly i nf e c t ed pigs t o  non-i nfected pi gs wi thin f ive 

days o f  mixing the two g roup s .  Howeve r , they i den t i f i ed infected pigs  

by the detection of  o rgani sms in  the  pa l a t i ne tons i l s  and not  i n  the 

nose as was done here .  I n  the p resent experiment , the fas t e r  sp read of 

i nf ec t ion may have been as socia ted wi th  the i nocula t i on of pi.gl e t s  

wi th  a dose of  organism s f a r  in  excess  o f  the mi nimum i nfect ive dose , 

o r  f rom t he r a p i d  mu l t i p l i c a t i o n and  c o l o ni zation of the nas a l  

c a v i t i e s w i th  o r g a n i s m s  i n  p r e v i o u s ly uninfected piglet s .  I t  i s  

pos s i ble tha t  piglets  whi ch had pos i t ive nas a l  swabs af t e r  one day of 

con t a c t  wi th a r t ifici a l ly i nfected pigs , may no t have had i nfec t ed 

t on s i l s .  I n  t h e  p r e s e n t  expe r iment , i t  i s  l ike ly that as cending 

i n f e c t i o n  o f  t he t o ns i l s  from the nose occurred ra ther than the 

" typi cal" descending i nf e c t i on of the nose from the tons i l .  The re was 

a g rea ter  p ropor tion of pigs  wi th posi tive swab s in the f i r s t  four  

days  after  i nfection in  t he l i t t e r  that  received the  high dose , t han 

i n  t h e  g ro u p  t ha t r e c e iv ed the low dose . However one week a f te r  

i nf e c t i on , t he propo r t i on of  posi t ive swabs was simi l a r  i n  both 

l i t t e rs .  A f t e r  a r t i fici a l  i n fec tion , the re wa s probably an abno rmal ly 

l a rg e  number of organi sms presen t .  Thi s  numbe r  woul d then have reduced 

t o  a l ev e l  wh i c h w a s  " n o rma l ly" p resent in a na turally i n fec ted 

a n im a l .  The subs e q u e n t  m i no r  f l u c t u a t i o n s  in the preval ence of  

infec tion were probably associa t ed wi th the sensi t ivi ty of  the t e s t  

and the numbe r  o f  o rgani sms shed into the nasa l  cavi ty as di scuss ed 

ea r l i e r  i n  Chapter  T I T .  
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S t reptococcus sui s was not d etected i n  the envi ronment prior  to 

t he i n t roduct i on of p i g s .  Only af t e r  the s ows were int roduced and had 

f a rrowed was S .  sui s  detected f rom envi ronmental swabs .  

The detec t i on o f  S .  suis only a f t e r  farrowi ng i s  probably 

a s s oc i a t e d  w i t h  the i n c re a s e d  p o p u l a t i on density o r  due to the 

p r e s e n c e  of o r g a n i s m s  s hed by the a r t i f i c i a l ly infec t ed pigle t s  

immediately af ter i nocula t i on. A s  S .  sui s  was also detected in  swabs 

o f  the  en vi ronm e n  t o f  t he l i t t e r  infe c t ed wi th the low dose o f  

o rgani sms , the forme r hypo thesi s i s  mo re l ike ly . 

St reptococcus sui s type 1 was found i n  the blood of  2 5% of  these 

pigs.  The bacteraemias  we re a l l  d e t ected in the fi rst  t en days of 

l i f e .  Thi s age corresponds wi th the pe riod when disease f rom thi s type 

i s  mo s t  p r ev a l e n t  ( A non , 1 9 7 9 a ) . S t r e p t o c o c cus s u i s type 2 wa s 

de tec ted i n  the blood of  35% of  these pigs . Unlike s .  su i s  type 1 ,  

the se bac t e raemias we re d e tec t ed ove r  a wide period ( 5  to  3 7  days ) ,  

occur ring bo th before and after  weani ng . These resul t s  are simi l a r  to 

those recorded in Chap t e r  V whe re a bac t e raemi a of  s. sui s type 1 was 

o n l y  d e t e c t ed i n  s u c k i n g  pigle t s , whi l s t  bac teraemi as of S .  sui s 

type 2 were found i n  suckers , weaners and po rke rs.  Mo s t  bac t e raemias  

we r e  of sho r t  dura t i on o f  only one t o  two day s . Because o f  thi s sho r t  

duration and the sma l l  volume o f  blood collected , i t  i s  possible  that 

the t rue l eve l of  bac t e raemias may be higher than tha t de tected .  A l l  

p i g s  that deve loped a bac t e raemia were appa rently  norma l and heal thy. 

Thi s  absence of  obvious c l i nica l s igns was s i mi lar to  the f i ndings of 

C l i f ton-Hadl ey and A lexande r  ( 1 98 1 )  who found tha t the presence of 

s. s u i s t y p e  2 in the b lood , even in  large numbe rs for pro longed 

p e r i od s , d i d  n o t  n e c e s s a r i ly resul t in cli ni cal d i sease.  Clausen 

( 1 980 )  p roposed tha t as  we l l  as  infec t i on wi th  S. sui s ,  o the r unknown 

secondary fact ors mus t also  be p re sent f o r  d i sease to deve lop.  The re 

was no apparent pa t te rn o r  corre l a t i on be tween the deve lopmen t o f  a 

bac teraemia and the t ime of i ni t ial  infec t i on with S .  sui s .  Simi lar 

resul t s  were reporte d  by Clifton-Had ley and Al exander ( 1 98 1 )  who found 

t ha t one pig subseq uen t ly deve loped a bac t e raemia of S .  suis type 2 ,  

e i gh t e e n  d a y s  a f t e r  i n t rana s a l  i n f e c t i on .  The s e  pigs tha t  have 

ba c t e ra em i a s  cou l d  be a po s s i bl e  human hea l th ri sk as d i scu s s ed 

f u r t he r  i n  Cha p t e r  V I I I .  The h i gh propo r t i on of bac t e raemias of  

s .  suis type 2 i n  young pigs may account f o r  the high preval ence of 
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d isease repo r t ed i n  humans i n  Hong Kong ( Chau e t  a l , 1 98 3 ) . As these 

peopl e have a pre f e rence for ea ting suckl ing and weane r pigs , those 

i nvolved in the s l aught e ri ng and hand l i ng of the carcasses  of such 

young pigs  would have a grea t e r  r i sk of cont rac ting an infection wi th 

s. sui s type 2 .  

CONCLUS IONS 

1 .  Cl i ni ca l  d i sease could not be produced by mere ly the int ranasal  

inocu l a t i on o f  f i e l d  i solates  o f  s .  sui s types 1 and 2 i nt o  pigl e t s .  

2 .  The infec t ive dose of s. sui s ,  when admini s t e red v i a  t he int ranasal 

route , i s  l e s s  than 100 organi sms . 

3 .  s. suis types 1 and 2 are rapidly spread be tween pigs i n  a l i t t e r  

a f t e r  a r t i f i cial  i nfection of s ome pigs i n  that l i t t e r .  

4 .  A bac t e raemia of  s. sui s c a n  occur i n  a young p i g  wi thout the 

presence of  obvious c l i nical s igns . These pigs could pose a publ i c  

heal t h  r i sk i f  s laught e red . 

INTRAVENOUS INFECTION OF PIGS WITH STREPTOCOCCUS SUI S  

A .  SENSITI VITY OF DETECTING S .  SUI S  I N  BLOOD SAMPLES 

INTRODUCTION 

The exp e r i m ent descri bed here was performed to  determi ne the 

numbe r o f  organism s of  S .  sui s type 2 tha t could be recove red from the 

blood of pigs af t e r  a known numbe r had been i njected  i n t ravenous ly.  

The  s e ns i t i v i ty for  d e te c ting s. sui. s type 2 i. n  the blood , could 

the re f o re be calculated by d e t e rmi ning the ra tio of  the number of  

s.  sui s recovered f rom the bl ood to  the i n i t i a l  numbe r  i nj ected i nto 

the animal .  
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MATER IALS AND METHODS 

Pigs 

Five week old , weaned pigs  f rom Herd 1 were ho used in i ndivi dua l 

me tabo l i sm c ra tes f o r  two weeks pri o r  to  the experiments descri bed 

here . In this period , pigs we re fed a hea t treated mi lk di et  as par t  

of  a diges tibi l i ty t r i a l .  O n  the day of  experimen t a t i on ,  the sex and 

weight of each pig were reco rded. The total  volume of blood of each 

p i g  w a s c a l c ul a t ed by us ing the app roxima t i on tha t pigs of thei r 

weight range had 80 ml of bl ood for eve ry kg of live body weight ( Bush 

et a l , 1 9 5 5 ;  Swenson , 1 9 7 0 ;  1 9 7 5 ) .  

Infect i on P rocedure 

Pigs were anaes the t i zed wi th  ha lothane6 admi ni s t e red by mask f rom 

a c losed c i rcui t anaes the t i c  machine7 . Af t e r  anaes thesia , pigs were 

inocul a t ed wi th  s. sui s type 2 by an i nt ravenous i nj ec t i on into  thei r 

cepha l i c  vein. In one pig thi s i nj ec t i on rout e was not achi eved so the 

bac t e r i a  we re i nocula t ed i n t o  the an t e r i o r  vena cava . An i solate  of 

s.  sui s  type 2 recove red f rom the pa l a t ine tons i l  of an apparently 

normal bacon weight pig was used i n  thi s expe riment .  A cul ture of t h i s 

organi sm was g rown ove rnigh t i n  Todd Hewi t t  B ro th and ei the r  i nj ected 

di rec t l y  i nto the pig or  d i l u t ed prior to  i nj ection i n  physiological 

sal i ne . Each pig wa s i nocula t ed wi th one ml.  The numbe r of organi sms 

in t he i noculum was determined by a series  of  d i l u t i ons as described 

i n  Cha p t e r  J V .  Th re e  pigs  we re infected wi th 9 . 6  X 1 06 , two w i t h  

1 . 8  X 1 06 
, three wi th  8 .8  X 1 04 , four wi t h  4 . 8  X 1 03 and three wi th 

4 . 4  X 1 02 o rgani sms of s. sui s  type 2 .  

Two t o  t h r e e  mi nut e s  a f t e r  i nfect ion , five m l  o f  bl ood was 

collec ted f rom e i ther the an t e r i or vena cava or f rom the hea r t  by 

d i r e c t  ca rd i a c  punc t u r e . Th e anima l wa s then euthanased wi t h  an 

int ravenous i nj e c t i on of sodium pentoba rbi t one8 . 

6 Fluothane , ICI Ltd , Maccl esf i e ld , Cheshi re 

1 Fluotec  3 ,  Cyprane Keighley , Eng land 

8 Pentobarb 300 , South I s l and Chemicals  Ltd , 
Chr i s tchurch New Zealand 
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Samp l e s  

Immed i a t e ly fol lowing t h e  co l l ect ion o f  blood , dupl icate  one m l  

vo lumes of  b lood were evenly d i s t r i bu t ed ove r sheep b l ood aga r  pla tes . 

These plates we re incuba ted for 1 8  hours a t  3 7 °C and the number of 

co loni es of  s. sui s type 2 counted . Dup l i cate  vo lumes of 0 .  5 ml of 

b l oo d  we re a l s o  ino c u l a t e d  i n t o  a 4 .  5 ml s o l u t i o n  of  s t e ri l e  

phy s iologica l saline .  These s ampl es were s imi larly d i luted a furthe r 

two times.  One ml  of each di lution was plated onto sheep bl ood aga r 

and hand l ed as  above . The number of  s. sui s type 2 or igina l ly presen t 

i n  the blood was calcul a t ed by adj us t ing the numbe r of co loni es  for  

the  d i l ut i on factor .  

S amp l es of l iver were a lso col lect ed f rom each pig  fol lowing 

eu thanasi a .  The se sampl es we re flamed , inci sed and a swab taken of the 

cut  surface and plated ont o  sheep blood aga r .  Af t e r  incuba ti on the 

colonies of s. sui s type 2 we re also  counted .  

Survival of  s .  suis type 2 i n  f resh b lood 

To s tudy the survival  and abi l i ty to i solate s. sui s type 2 f rom 

the b l ood , an i n  v i t ro i nves t i ga t i on was performed . B lood f rom weaners 

was c o l l e c t ed as eptically  i nto t ubes containing the an ticoagul ant 

sodium EDTA . These sampl e s  we re re t u rned to  the laborat ory wi thi n 1 5  

minu tes  of col lect ion. A known numbe r  of S .  suis ty pe 2 we re added to 

d u p l i c a t e d  v o l um e s  of t h r e e  ml  of b l ood . Two minutes a f t e r  the 

a d d i t i on of the organi sms , samples  of bl ood we re taken f rom thi s 

m i x t u re . The numbe r o f  S .  s u i s  t y p e  2 present i n  the blood was 

d e t e rmined by the methods described earlier.  Thi s  number was compa red 

wi th t he i ni t i a l  numbe r of organi sms inoculated i n t o  the blood . 

RESULTS 

In Tab l e  7 .  5 the numbe r of s. sui s type 2 .i nocula ted into each 

pig and the subsequent numbe r i solated f rom the bl ood and live r i s  

r e c o rded.  Th ree minute s  a f t e r  inocula tion , 6 . 6% ( range of  0 . 0% t o  

· 7 . 8 % )  o f  t he o rgani s m s  i n i t i a l ly i nj e c t e d  i n t o  the p i g s we r e  

recovered. No organisms we re detec t ed i n  the blood of  p i g s  infected 

wi t h  less  than 4 . 8 x 1 0 3 o rgani sms ( 5  o rgani sms per ml ) .  
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TABLE 7 .5 

'lHE RRDVERY OF S. &JIS TYPE 2 :FRai THE BLOOO ANl LIVER 
AE'I'Ek rNTRAvmoos rNOC:UIATroo 

NUMBER OF WEIQU OF NUMBER OF ORGANISMS NUMBER OF COLONI ES  
ORGANISMS PIG ORGANISMS/ML ISOLATED/ML RECOVERED 
INJECTED BLOOD BLOOD FROM THE LIVER 

(%)  

9 . 6  X 106 12 . 5  9 . 6 X 103 7 . 5 X 102 14 
(7 . 8 )  

9 . 6 X 106 10 . 7  11 . 2  X 103 8 . 0  X 102 20 
(7  . 1) 

9 . 6  X 106 12 . 2  9 . 8 X 10 3 5 . 3  X 102 6 
( 5  .4)  

1 . 8  X 106 11 . 3 2 . 0  X 103 1 . 1  X 102 0 
( 5 .  5) 

1 . 8  X 106 10 . 2  2 . 2  X 10 3 1 . 1  X 102 8 
( 5 .  0) 

8 . 8  X 104 11 . 9  92  5 0 
( 5  .4)  

8 . 8  X 104 11 . 9  92  6 0 
( 6  . 5) 

8 . 8  X 104 11 . 5  96 4 0 
(4 . 2) 

4 . 8  X 103 12 . 3  5 0 0 
(0)  

4 . 8  X 103 14 . 0  4 0 0 
(0)  

4 . 8  X 103 13 . 0  5 0 0 
( 0} 

4 . 8  X 103 13 . 0  5 0 0 
(0)  

4 . 4  X 102 13 . 1  0 . 4 0 0 
(0 }  

4 . 4  X 102 11 . 6  0 . 5  0 0 
(0 )  

4 . 4  X 102 11 . 3  . 0 . 5  0 0 
( 0 }  
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Only 2 . 2 % o f  the numbe r of s .  sui s type 2 actual ly i solated f rom 

each ml  of b lood could be i s o la t ed f rom l iver  swabs . 

Two mi nu t e s  a f t e r  S .  s u i s t y p e  2 had been added to  freshly 

collected blood containi ng anti coagulant ,  only 24% of the o rgani sms 

could be recove red . 

DI SCUSSION 

When a known numbe r of S .  sui s  type 2 we re i nj ected i nto the 

ci rculatory sys t em of weaner pigs , only 6 . 6 % of thes e  organi sms could 

be detected i n  b l ood co l l e c t ed wi thin two to three ml nutes o f  the 

i nj ect ion. When less than 1 0 , 000 organi sms were i nj ected , no o rganl sms 

could be de tec ted  e i ther f rom the blood samples or l iver sec t i ons . As 

·the tes t d e t e c t ed only 6 . 6% of the :f. nj ec t ed organisms , at l ea s t  1 5  

organisms mus t  be  i noculated pe r m l  o f  blood t o  detect  one organi sm i n  

a o n e  m l  s am p l e  o f  bl ood . Bul l  ( 1 9 1 4 , 1 9 1 6 )  repo rted a t e n  fold 

reduct i on i n  t he numbe r o f  s t reptococci and pneumococci i n  the blood 

of rabbi t s  and dogs one mi nu t e  af ter i nt ravenous infect ion.  Wi l s on and 

M i l e s  ( 1 9 5 5 )  and  Wr i g h t  ( 1 9 2 7 )  s i m i l a r ly demons t ra t ed a l a rge 

reduct ion in the numbe rs of c:l. rcula t i ng ba cteri a , w i t h  only 0 . 002%  of 

a v i r u lent bacter ia , 2 %  of s l ightly vi rulent bacteri.a and 1 2 . 8% of 

h ighly v i rulent  bac t eria bei ng i sola t ed two hours af ter i nocul at ion.  

T h e y  b e l i e v e d  the re duc t i o n  i n  ba c t e r i a  wa s a s s o c i a t ed wi th  

phag ocy tosi s by  po lymorphonucl ear  cel l s .  In  the present si tua t i on ,  

wi t h  the sho r t  period be tween i nocul a t i on and sampl i ng , i t  would seem 

unl ikely tha t the d rop i n  numbe rs i s  associated wi th  phagocytosi s .  As 

t h e  numbe r o f  o r g anisms i solated a f t e r  in v i t ro i nocula t i on wi th 

s .  suis type 2 was 24% o f  the i ni ti a l  dose , i t  would appear tha t the 

fur ther reduct ions in the numbe rs f ound i n  vivo may be associated 

wi t h  the adhe rence of s t reptococci t o  the wa l l s  of  capi l l ari e s .  Mos t 

o f  t h e  i ni t i a l  r e du c t i on i n  numb e r s  wo u l d  a p p e a r  t o  b e  f r om 

i na c t iva ti on o f  v i able s t re ptococci by serum component s .  Bul l ( 1 9 1 5a ;  

1 9 1 5 b ;  1 9 1 5 c )  bel i eved tha t  the rapid removal of bac t e r i a  f rom the 

b l ood of rabbi t s  was due t o  serum components  leading t o  agglutina tion 

o f  ba c t e r i a  a n d  s u b s e q uent phagocy t os i s .  As thi s expe riment only 

de tected viabl e s. su is type 2 ,  organi sms tha t we re i nac t i va t ed yet 

s t i l l c ircul a t i ng i n  the bl ood sys t em , would not have been detected.  
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O n l y  a sma l l  percentage ( 2 .  2%)  of blood borne organi sms  we re 

d e t e c ted i n  swabs t aken f rom the l i ve r .  As the number of  s.  sui s 

type 2 p resen t i n  the blood was determined by the numbe r present i n  a 

o n e  m l  volume of blood , the d i f ference i n  thes e  resul ts  may only 

i nd i cate the amount of  b lood absorbed by the swab and no t a t rue 

absence of s .  sui s  type 2 f rom this organ . If the volume abso rbed by a 

swab was as low as 0 . 02 m l , only 2% of the organi sms present i n  one ml 

of  b lood woul d have been de t e c t e d . 

I n  Chap t e r  V i t  was shown that 2 . 7 %  and 3% of pigs  slaughtered at  

a m e a twork s  h a d  s.  s u i s  t y p e 2 p r e s e n t  i n  the l i v e r  and blood 

respect ively. From the present resul t s ,  .i t would appea r tha t sampl es 

o f  l iver  are a poor indica t o r  of  the presence o f  a bacteraemi a.  In 

Chapt e r  V the l ivers of some p igs were i dent if i ed as posi t ive for 

S .  sui s type 2 and yet  the pigs  had nega ti ve b l ood cul tures.  Thi s may 

i nd i ca t e  an i nfective proces s  i nvo lvi ng the liver or more l i ke ly i s  

associa ted  wi t h  a tes t o f  l ow sensi t ivi ty . The present f i ndings  would 

suppo r t  the b e l i ef that  the p roportion of ba ct eraemias  in  s l aughtered 

pigs  i s  higher than tha t  d e t e c t e d .  

CONCLUSIONS 

1 .  The re was a rapi d reduct ion in the number of vi able ci rcu l a t i ng 

s .  s u i s type 2 a f t e r  a r t i f i c i a l  i n t ravenous i nfec tion.  Thi s was 

p r o b a b l y  a s s o c i a t e d  wi t h  i n a c  t i. va t i on by se rum compon e n t s  and 

adherence t o  c api l lary wa l l s .  

2 .  Swabs of l iver t i s sue are a poor  indicator of the presence of a 

bac t e raemia i n  pigs.  

B. INTRAVENOUS INFECTION WITH S .  SUI S  TYPE 2 

INTRODUCTION 

As out l i ned i n  the i n t roduction t o  thi s chap t e r ,  a t temp t s  to 

p roduce d i sease i n  pigs by a r t i fici a l  infec tion wi th  s. suis  type 2 

have had var i abl e  resul t s .  However i t  appeared tha t apart  f rom d :l. rect  
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i noculation i nto the ce rebro-s pinal  flui d , the int ravenous rout e mos t 

f requently i nduced a pa thological response . The presen t experimen t was 

d esigned to s t udy t he pa thogeni ci ty and i nfect ivi ty of S .  sui s type 2 

f o r  p i g s  whe n a d mi n i s t e r e d  by t he i n t ravenous rou t e .  I n  t h i s 

exper iment the j ugular vei ns we re ca the t e ri zed.  Thi s  a l l owed rou t i ne 

samp ling of  t he b l ood and provided an easy and accura te me thod for 

admini s tering i n travenous i noculat i ons . Thi s  al lowed both the numbers 

of s .  suis p resent  i n  the bl ood and the dura t i on of  bac t e raemi a t o  be 

s tudi ed .  

MATERIALS AND METHODS 

Animals 

Pigle t s  tha t  had been weaned for one week ( f ive t o  six weeks old)  

and we re o f  a s imi l a r  s i z e  we re used in  thi s experiment . The pigs  

originated f rom two l i t ters of herd 1 .  The pigs were fas ted for 18  

hours prior t o  surgery but we re a l lowed access to  wa t e r .  

Cathe ters 

Cathe t e r s , approxima t e ly 30 cm long , were made f rom med i ca l  grade 

s i l i cone rubber tubing9 . The end tha t was to be inserted into the vei n  

was beve l l ed t o  an ang l e  o f  60 deg rees .  Two co llars we re made wi th 

s i l icone medi ca l  adhe sive9 on the tubing .  These we re placed three cm 

apa r t  and two cm f rom the end of the ca theter ( P la t e  7 . 1 ) . Ca the ters 

w e r e  s t e r i l i zed i n  Z e phi ran1 0  for 2 4  hours and we re flushed wi th  

heparini zed saline  ( Appendix V I )  bef o r e  u s e .  

9 Dow Co rning Corpora t ion , Medical  Produc t s ,  Mi dland 
Michigan U . S . A .  

1 0  Wintnrop Labo ratori es , S t e r l i ng Pha rmaceu t i cals  
( N .Z . ) L td . , Auckland 
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Anaes thesi a  

P i g s  w e r e  s e d a t e d wi t h  a O .  5 m l  i nt ramuscular i nj ec t ion of 

a z a pe rone l 1 . S u rg i c a l  a n a e s the s i a  was induced usi ng 5% ha lothane 

admi nis t e re d  by a face mask . Anaes thes i a  was ma intained wi th 1 to 2 %  

ha lothane o n  a c losed c i rcui t  anae s the t i c  machi ne 1 2 . 

Surgical Technique of  Jugular Ca t he teri zation 

The ven t ra l  neck region and the a rea be tween the shoulder blades 

were c l i p p e d  and d i s i nf e c t e d  wi t h  a h i b i t ane/methy l a ted spi r i t s  

sol ution ( Appendix VI ) .  The p i g  was placed i n  dorsal  recumbency and 

main tained i n  this pos i t i on by l eg t i es , with the fore limbs t i ed 

bes id e  the r i b  cage . 

A three to  four cm i nc i sion wa s made through the ski n ,  over  the 

j ugu l a r  g ro ov e . The j ugular vein  was rea ched by blun t d i s section 

t h r ough t h e  f a t  a nd f a s c ia .  A three cm sect ion of the vein was 

r e l e a sed by fur the r blun t  d i s se c t i on and the vei n exter i or i z ed .  A 

bul l dog c l amp was placed on the c rani a l  end of the vei n ,  and a loose 

absorbabl e  su turel 3  placed around i t s  cauda l end . A sma l l  inci s i on was 

made in  the j ugular vein and the ca the ter inserted towards the hea r t  

so  tha t the second c ol lar was j u s t  wi thi n the lumen of the ve in.  The 

s tay suture was then t ight ened and secured around the v ei n ,  caudal to  

the second col la r .  Another suture was placed cran i a l  to thi s collar  to 

encompas s  both  the j ugular and the cathe t e r .  A furthe r s u ture was u sed 

to bo t h  l i g a t e  t h e  j ugu l a r  c ra n i a l  to the ca the t e r  and to help 

s t a b i l i z e  the cannu l a .  Suc t i o n was a p p U  ed f r om a s y r i nge and 

hepa rini zed sal ine ( Appendix VI ) was f lushed through the cannula to 

e n s u re t h e  pa t e ncy of the  c a t he t e r .  The cannula was temporari ly 

c l a m p e d  w i t h  a h a e m o s t a t  wh i l s t  the  o t h e r  j ug u l a r  ve i n  was  

exterior iz ed and  ca the t erized .  After  both  veins we re cathe t e r i zed , a 

blunt ho l low probe wi th a removable t i p  was i nserted a t  the s i t e  of 

i nc i s i on .  T h i s p ro b e  wa s d i r e c t e d subc u t aneous ly , laterally and 

dorsally to eme rge be tween the shoulder blades .  An inci s i on was then 

1 1  S t resni l Smi t hkli ne and French Labo ratories 
( Aus t ra l ia )  Limi ted , French ' s  Fores t , N . s . w .  

1 2  Fluotec 3 ,  Cyprane Keighley , Eng l and 

13 Dexon , Dav i s  and Geck Inc , Mana t i , U . S . A . 
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made onto  t he end o f  the probe , the t i p  removed and a ca the ter passed 

through ( P l a t e  7 . 2 ) . The probe was then removed , wi th care being taken 

t o  avo i d  kinking of the cannula and the procedure re pe a t ed for the 

o t he r s i d e .  The pa t ency o f  t h e  cannu l ae we re aga i n  assessed by 

f l u s h i n g  a n d  suc t i on ( P l a t e  7 . 3 ) .  Ca the t e r s  we r e  c u t  s o  tha t 

a p proxima t e ly two cm were prot rud i ng f rom the ski n of  the pig.  A 

s t eri l e  1 5  gauge luer-lock need l e , that  had previous ly had i t s  poi nt  

ground f la t , was i nserted into the  cannula to provide a t i ght secure 

f i t .  An i nj e c t i on cap1 4  was placed on the needle to  he l p  mainta i n  

aseps i s  and t o  a l l ow f o r  easy access  to  the cannu la and consequen t ly 

b lood . Hori zontal ma t t re s s  sutures l 5 were used to  fix the cannulae i n  

p lace on t h e  back o f  the p i g  a n d  t o  c lose the j ugular furrow inc i s i on .  

A s t re t c h  s t oc k i ng ne t l 6  wa s u s e d t o  s t abi lize and protect the 

cannu lae .  Thi s ne t ti ng was p l aced over the p igs f o requa r ter , wi th 

ho les cut for the l egs  as shown i n  Plate 7 . 4 . Pigs we re g i ven a s i ng l e  

i n t ramu s cu l a r  i nj e c t i o n o f  2 m l  o f  a s t r e p tomy c: i  n - p e ni ci  1 1 J nl 7 

mixture . 

Housing 

A f t e r  the pigs had recov e re d  f rom genera l  anaes thes i a , they we re 

t ranspor t ed t o  a t empe ra ture con t r o l l ed room ma intai ned a t  2 2°C. Pigs  

were housed i n  i nd ividual wi re cages wi th thei r own f eed t roughs and 

nipple d ri nkers.  The re was a vacant cage between pigs so  tha t there 

was no d i r e c t  contact with o ther pigs . Thi s  was to prevent p i gs f rom 

i nterfering wi th the catheters  o f  neighbouring pigs.  

Experimental Infection 

F o l l ow i ng t h e  o p e ration , pigs we re i n i t ial ly i ns pected twi ce 

dai ly and then at dai ly i nte rva l s .  Samples of  b lood ( 5  ml ) we re taken 

at each i nspection and the cannu lae flushed wi th s t e r i l e  heparini zed 

physiological  sa l i ne ( Appendi x VI ) .  Si x days a f ter surgery , the p i gs 

1 4  Jelco I n t e rmi t tent Inj ection Cap ,  Crit ikon , Tampa , 
F lorida  

15  Vicry l  3 . 0  metric.  Ethi con , Some rvi l le ,  New Jersey 

1 6 Surg ifi x  s i z e  7 ,  F . R . A .  Product i on ,  Italy 

1 7  S t reptopen , G 1axo New Z ealand Lim i t e d ,  Palmers ton 
Nor th ,  N . z . 
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PLATE 7 . 1 

CANNULAE USED FOR JUGULAR CATHETERIZATION 

PLATE 7 .  2 

DIRECTING THE CANNULA FRCl-1 THE JUGULAR FlJRRCM TO TiiE DORSAL MIDLINE 



PlATE 7 . 3  

FLUSHING OF THE CANNULA WITH HEPARINIZED SALINE 

PLATE 7 . 4  

THE PIG FOIJ.rniNG JUGULAR CATHETERIZATION WITH A STRETCH 

STOCKING TO PRarECT TilE CANNULAE 
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were i noculated w i t h  S .  sui s  type 2 .  A f i e l d  i solate  of S .  sui s type 2 

wa s g rown ov ernight i n  Todd Hewi t t  Broth.  Thi s cul ture was di l u ted i n  

phy s i o logical  sal i ne to obt a i n  the approx i ma t e numbe r of  organi sms 

requ i red . The exac t  number of o rgani sms i nj ected  was det e rmi ned by a 

ser i e s  o f  d i lu t i ons as descri bed i n  Chapter I V .  

In  a pre l im i na ry t r i a l  t o  d etermine i.f the cannulat ion me thod 

woul d  be s ucces s f u l , two pigs  we re inocul a t ed wi t h  200 organi sms of  

S .  sui s type 2 ,  seven days af t e r  surge ry.  These pigs we re inocul a t ed 

wi t h  a second dose of 2 x 1 04 o rgan i sms one week a f t e r  the i n i t i a 1 

do s e .  A fur ther three pigs ( two females  and one ma l e )  were i nocu lated 

w i t h  3 . 5 x 1 0 7 o rgani sms and another three ( two males and one femal e )  

wi th  4 . 5  x 103 . I n  these pigs on ly one dose wa s admi ni s t ered , seven 

days a f te r  cannu la t i on.  A l l  organisms were admi n i s te red i n  a one ml 

v o  1 ume i nto the ca theters whi ch we re then f l ushed w i th two ml of 

.s ter i l e  hepar i ni z ed sal ine .  

B lood sample s  were col l e c t ed immed i a t e ly prior t o  i nfec t i on ;  one 

minu t e , ten minutes and one hou r  after  i nfec ti. on ;  and then at da i ly 

i nt e rva l s .  In the f i r s t  day a f t e r  infect i on ,  bl ood wa s col lected from 

the cannul a  tha t had no t been used for the inocu l a t i on. Thi s was done 

to reduce the pos s i b i l i ty of d e t ec t i ng s .  sui s type 2 tha t may have 

r e m a i ne d  w i t h i n t he cann u l a .  After  the c o l l e c t i on of b l ood , the 

cannulae we re fl ushed wi t h  two ml of hepa r i ni zed sa l i ne to ensure tha t  

p a t e n c y  w a s  m a i n t a i n e d . R e c t a l  t e m p e r a t u r e s  w e r e  t a ke n a t  

approxima t e ly the same time each day. 

Blood Sampl e s  

A t  each sampli ng ,  the f i r s t  ml  o f  b l ood was di scarded t o  reduce 

t h e  p o s s i bi l i ty of  having b l ood di l ut ed by the he pari ni zed s a l i ne 

re t a i ned i n  the cannu l a .  Two , one ml a l i quo ts of bl ood we re co l l ected 

and evenly dispe rsed ont o shee p blood aga r p l a t e s .  The se plates  we re 

i ncuba ted for 1 8  hours at 3 7 °C and the ave rage numbe r of co loni e s  of 

S. s u i s  type 2 determi ned . A pp roximately f ive m l  of  b l ood was also  

co l l ected  for the  remova l of s e rum. Thi s bl ood was pl aced in  s t e ri l e  

p l a s  t .i c  bo t t l es , l e f t  ove rnigh t at  room tempera t u re and the se rum 

co l l ec t ed and s tored at -20°C. An ELISA , to detect  an t i bod ies  to both 

S. s u i s types 1 and 2 ,  was pe rformed as descri bed i n  Chapter I I I .  
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An ext ra f.ive ml  of blood was co l l ected and d i s pensed i n to a 

venoj e c t 1 8  tube containi ng 1 5  mg of sod i um EDTA granu l es .  Thi s samp l e 

wa s g e n t l y r o c k e d  t o  ens u r e  t h o rough m .i x i ng o f  t h e b l oo d  a nd 

ant i -coagul an t .  The total  numbe r of  whi t e  bl ood cel l s  we re count ed 

us i ng an automa t i c  whi t e  ce l l  coun t e r1 9  and a d i f ferent i a l  whi t e  ce l l  

count was carr i ed o u t  on b l ood smears s tai ned wi th a Wr i ght Sta i n  

(Mod i f i ed ) 20 . 

Pat ho logical Inves ti ga t i on 

A f t e r  the compl e t ion of the experiment , al l pi gs were euthanas ed 

w i t h  i n t r a v e n o u s  sodium pentobarb i t one and au tops i ed .  Organs were 

cu l t u r e d  f o r  S .  s u i. s type 2 and segment s of  t i s sue fi. xed i n  1 0% 

forma l i n  for  subsequent hi s t opa t hol og i ca l  exami na t i on .  

RESULTS 

In Tab l e  7 . 6 ,  the numbe r of S .  sui s type 2 i so l a t ed from each ml 

of b l o od a t  d i f f e re n t  i n t e rva l s  a f t er i n t ravenous i noculation i s  

l i s t ed .  Only  1 0 . 3% o f  the i nj ec t ed organi sms were de t e c t ed one mi nut e  

af t e r  i. nfec t i on ,  1 . 5% a f t e r  t e n  mi nu tes  and 0 .  7% af t e r  one hou r .  Of 

the three p igs whi ch received the hi gh dose ( 1 07 organ i sm s ) , two ( 6 

and  5 )  rema i ne d  b a c t e raemi. c f o r  si x and seven days res pec t i vely , 

whi l s t  the o ther pig was s t i l l  ba cte raemi. c one day a f t e r  i nfect i on 

whe n  b o t h  c a nnu l a e  be came occ luded .  St re pt ococcus s u i s  type 2 was 

de t e c t e d i n  t h e  b l ood f o r  up t o  one hour i n  p i gs re cei v i ng 1 04 

o r g a n i sms . However ,  S .  sui s type 2 could  no t be i s o l a t ed f rom the 

blood a t  any t ime i n  two pigs i nfected wi th  only an e s t ima t ed 200 

organi sms . O ne of  the pi gs ( 7 )  tha t  was infec t ed wi t h  1 04 organi sms , 

subsequen tly  deve loped a ba c t e raemia , seven days a f t e r  the i ni. t i al 

infec t i on .  Thi s bac t e raemia was d e t ec t ed for two days before the pig  

wa s euthanased . Thi s pig was the only one t o  deve lop the  " c l a s s i ca l "  

c l i nical  s i gns o f  i nfec t i on by S .  sui s type 2 .  On the day before the 

ba c t e raemia devel oped , the pig  showed front leg lameness , anorexi a and 

1 8  Te rumo Co rpo ra t i on ,  Tokyo , Japan 

1 9  Ce l l-Dy n  900 , Sequoi a-Turne r Corpora t i on ,  Moun t a i n 
Vi. ew Cal i forni a 

20  Accus t a i n ,  S i. gma Di agnos t i cs ,  S t  Lo u i s ,  U S A  
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TABLE 7 . 6  

NUMBERS OF S .  SUI S  TYPE 2 I SOLATED FROM THE BLOOD AFTER 
INTRAVENOUS INFECTION 

AN IMAL lll 2 tt 3 4 5 6 7 
NUMBER 

NUMBER OF 200 200 
s .  SUI S  1 04 1 04 1 07 1 07 1 04 

INJECTED 2x 1 04 2 x 1 0 4 

NUMBER OF 0 . 4  0 . 4  
s .  SU I S  2 1  2 1  2x 1 04 2x 1 04 2 1  
INJECTED/ ML 42 42 
BLOOD 

DAY S AFTER 

8 

1 0 7 

2x 1 04 

OPERAT I ON NUMBER OF S .  SU I S  TYPE 2 I SOLATED FROM EACH ML OF BLO O D  

1 to 6 0 0 0 0 0 0 0 0 

7 days & 1 min 0 0 5 3 3x 1 03 2x 1 0 3 3 1 0 3 

7 days & 1 0  min 0 0 1 0 l .  6x 1 02 90 1 80 
7 days & 6 0  min 0 0 0 1 5 5  40 0 40 

8 0 0 0 0 l .  6x 1 02 2x 1 0 3 0 2x 1 02 

9 0 0 0 0 8x 1 04 1 6x 1 04 0 
1 0  0 0 0 0 6 . 6x 1 02 4x 1 02 

l l  0 0 0 0 4x 1 02 50 0 
1 2  0 0 0 0 2 . 4x 1 0  2 80 0 
1 3  0 0 0 0 1 x 1 02 30 0 

1 4  days & 1 mi n 7 2 0 0 20 0 2 
1 4  days & 1 0  min 4 2 
1 4  days & 60 min 1 0 

1 5  0 0 0 0 0 0 2 . 4x 1 0 3 tt tt * -
1 6  0 0* *  0 0 0 
1 7  0 0 0 -tf tf 0 
1 8  0 0 0 0 
1 9  0 0 0 0 
2 0  0 0 0 0 
2 1  Otftf 0 Otttt Otftf 
22  0 
2 3  0 
2 4  0 
2 5  0 
2 6  Olftf - ff tf 

tf pigs infe c t ed with  two doses of S .  suis type 2_ 
tf tf euthanasia 
* clinical meningit i s  

blocked canula n o  blood sample col lected 
* *  death  
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d ep ressi on.  Thes e  s i gns pers is ted f or two days and were accompani ed by 

i ncoord i na t i on ,  

o p i s tho t on u s .  

s taggering and l a t e ra l  recumbency wi th  padd l i ng and 

The f o l l owi ng day the pig was brighte r , in s t e rna l 

r e c umbency a n d  wa s ea t i ng and d ri nking be fore being subsequen t l y  

eu thanased . A f t e r  the second inocula t i on ,  p i g s  1 and 2 whi ch bo t h  

r e c e i v e d  t wo d o s e s  o f  S .  s u i s  t y p e  2 ,  showed s i g n s  o f  r a p i d  

res p i ra t i on , dyspnoea , anorexia and a fever of up to 42 oc.  Pig numbe r 

2 subseq uen t ly d i ed whi l s t  pig number 1 was eu thanased seven days 

a f t e r  the s e cond i nj ect ion. In  these  pi.gs s.  sui s ty pe 2 was not 

d e t e cted i n  the blood one hour a f t e r  the sec ond i nocula t i on.  The gross 

patholog i c a l  changes detected at  autopsy for  a l l  pigs a re l i s t ed i n  

Tab l e  7 .  7 and the subsequent microb i o l ogical  f i nd i ngs i n  Table  7 .  8 .  

The severe pneumoni a found i n  two pigs  ( 1  and 2 )  appeared t o  be caused 

by a seconda ry infec t i on of C.  pyogenes associ a t ed wi th an i nfec t i on 

by t he o rgani sm around the t ra c t  o f  the cathe t e r .  The on ly  o the r pig  

t o  show any evi dence of cl i ni c a l  abno rma L i ty was pig number 4 whi ch 

d e v e l o p e d  f o r e l i m b l a m e n e s s .  S t r e p t o c o c c u s  s u i s  t y p e  2 was 

s ubseq uen t ly cul tured f rom the right shoulder  j o int  and a meningeal 

swab of thi s pig , a l though i t  d i d  no t show any nervous s igns . The 

b rai n o f  thi s p i g  a l s o  showed hi s t opa thologi ca l changes o f  congested 

meni nges and spongio s i s  of  the whi t e  and grey mat ter ( Ta b l e  7 . 9 ) . On 

a u t o p s y , t h e  p i g s  th a t received two doses o f  S. sui s type 2 and 

s u b s e q u e n t l y  d e v e l o p e d  r e s p i r a t o r y s i g n s , h a d  a p u r u l e n t  

b ronchopneumonia wi th  an acute necro t i z i ng bronchi t i s .  One o f  these 

pigs had a j ugular  phlebi t i s  and the presence of  nec ro t i c  t i ssue i n  

sec t ions of the cannula  s i t e .  The p i g  that devel oped ne rvous s i gns had 

a mening i t i s  and encepha l i t i s  chara c t e r i zed by vacuo l a t i on of whi te 

ma t t er of the b rai n ,  mi ld  gl i os i s  and i nf i l tration  o f  the ce rebel l um 

wi t h  neut roph i l s .  Th ree p i g s ( 3 , 5 ,  8 )  did  no t show obvious c l i ni c a l  

signs , had n o  s i gni f i cant hi sto pa tho log i ca l  changes and s .  sui s  type 2 

was no t i s o l a ted f rom any o f  the organs sampl ed . 

The body t empe rature of the p i.gs f l uctua t ed be tween 38 . 9°C and 

4 1 . 1 °C. When pi.g 7 d eve loped c l i ni cal  signs of meni ng i t i s ,  i t s body 

tempe ra tu re was ra i s ed by only  0 .  4°C to 4 0 .  3°C. The re appeared no 

obv i ous c o r re la t i on be tween the body tempera tu re and the p resence of  

c l i n ica l  d i sease i n  these pigs .  

I n  Figure 7 . 3  the tota l whi t e  c e l l count f o r  p igs 3 t o  8 i s  shown 

wi th  respect  t o  the t i me a f t e r  i n t ravenous i nfection. The re was no 
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TABLE 7 . 7  

MACROSCOPIC LESIONS DETECTED IN PIGS  INFECTED WITH 

S .  SUI S  TYPE 2 VIA THE INTRAVENOUS ROUTE 

PIG NUMBER GRO S S  PATHOLOGI CAL FINDINGS 

1 

2 

3 

4 

5 

6 

7 

8 

Enzoot i c  pneumo n i a  wi th nec r o t izing pneumo ni a ,  lung 

absc e s s e s and p l e u r i t i s . S l i ght meni ng e a l  c on g e s t io n . 

Sinu s e s  a long c a thet er pathways . 

Severe nec rot i z i ng pneumo n i a . Conge s t ed b r a i n . F i brin 

st r a nd s  o n  pa renchyma tous organs . S i nu s e s  a long 

c a theter pathways . 

None 

Fibr i n  t a g s  o n  p e r i t oneum . Fibr inopu r u l e n t  a r t hr i t i s  

o f  r i ght e lbow . 

None 

Sma l l  amount s o f  f ib r i n  on per i t o neum 

Cong e s t ed me ning e s . Change s  typi c a l  o f  e nz oo t ic 

pneumonia . Exc e s s  pe ritoneal f luid . F i b r i no pu r u l e nt 

t a g s  o f  r i ght e lbow ( r adio -humeral  j o i nt ) .  

None 
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PIG 
NUMBER 

l 

2 

3 

4 

5 

6 

7 

8 

BRAIN 

TABLE 7 . 8 

MICROBIOLOGICAL FINDINGS FROM PIGS INFECTED WITH 
S .  SUI S  TYPE 2 VIA THE INTRAVENOUS ROUTE 

MEN INGES L IVER KI DNEY SPLEEN LUNG JOINTS J UGULAR 
CANULA SITE 

S .  suis  
type 2 

C .  pyogenes 
P .  rnu ltoc ida 

C .  pyogene s C .  pyogene s 
P .  rnultoc ida 

C .  pyogene s 

C .  pyogene s 

S .  suis  type 2 

S .  suis  
type 2 

- no organi sm isolated 

S .  suis  
type 2 

C .  pyogenes 

Coli forms 
group B 

S .  suis  type 2 

S .  suis  
type 2 

streptococcus  f rom carpus 



PIG 
NUMBER 

1 

2 

TABLE 7 . 9  

H I STOPATHOLOGICAL FINDINGS IN PIGS INFECTED WITH 
S .  SUI S  TYPE 2 BY THE INTRAVENOUS ROUTE 

HI STOPATHOLOGICAL FINDINGS 

Lung - s evere purulent bronchopneumonia 
bronchi and bronc ioles f illed with large numbers 
o f  neutrophil s  and mild hyperplasia o f  epithelium 

mediast inal - neutrophil inf i ltra t ion and microabsc e s s  
lymph node s  formatio n  

liver - mi ld d i f fuse vacuolation o f  hepatocyt e s  

Lung - acute  necrot izing bronchitis with cong e s t ion 
a nd oedema . Large number s of neutrophils  and 
mononuc lear c e l l s  i n  airways . 

Liver - c onge s t ed wi th  neut rophils , pla sma c e l l s  and 
macrophages infiltrating the hepatic  s inu se s .  

Kidney - moderat e int er tubu lar congest ion and focal  
haemorrhage 

Jugu lar ve in - l o s s  of  endothelium and replac ement wi th  
necrotic  t i s sue 

3 

4 

Brain - s evere and widespread congest ion in parenchyma 
and meninges 

No abnorma l i t i e s  d e t ec t ed 

Brain - diffuse  cong e s t ion of meninges with o c c a s s ional 
focal haemorrhage . Mi ld spongiosis  in both  grey 
and whit e  mat t er in cerebrum . 

Spleen - pro l i f erat ion o f  reticular c ells  

Liver - diffuse  migrat ion o f  leucocyte s  into the 
sinu s e s  

( c ontinued ) 
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PIG 
NUMBER 

5 

6 

TABLE 7 . 9  ( CONTINUED)  

HI STOPATHOLOGICAL FINDINGS 

No abnorma lities  d e t e c ted 

Liver - mi ld hydropic change of  hepatocyt e s  with local 
infiltration of  mononuc lear c e lls into 
parenchyma and around t he port a l  t riads . 

Spleen - mild lymphoid hyperplasia 

7 Meninge s  - moderat e  c ongest ion wit h  modera t e  d i f fuse 
infilt r a t ion by mac rophages , mononuc lear c e l l s  
and oc c a s s ional neut rophi ls throughou t the 
subarachnoid space . 

Brain - mi ld wide spread vacuolat ion in the  white  mat t er 
of  t he brain with o c c a s s iona l spheroid 
forma t ion and perivascular mononuc lear c u f f ing . 
Vacuolat ion of  subc o r t i c a l  whi t e  mat t e r . Mild 
gliosis with  diffuse  infiltrat ion by 
neutrophi ls  in the c e r ebe llum . 

Lung - c o llapse of  alveoli together with  hypertrophy 
of alveolar epithelium and int er s t i t ial 
t hickening with mononuc lear c e lls and 
fibroblas t s . 

Liver and Spleen - a s  for number 6 

8 

Jugu lar Vein - f ibrinopurulent inf lammation of  t he tunica 
interna 

No abnormali t i e s  d e t ected  

2 2 1 
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FIGURE 7 . 3 

TOTAL WHITE CELL COUNTS OF PIGS INTRAVENOUSLY INFECTED 
WITH S .  SUI S  TYPE 2 
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obv i o u s  p a t te rn  i n  the t o t a l  whi t e  c e l l count when compa red wi th 

ei the r body tempera tu re or the p resence o f  c l i nical  s .igns.  On ly two 

samp les  were outside  the "norma l "  range of 1 0  to 30 x 1 09 cel l s  pe r m l  

o f  b lood ( Dunne , 1 96 3 ;  Cole s , 1 9 7 4 ) .  

F i g u r e s  7 .  4 and 7 .  5 demon strate  the ti t res o f  anti bod i e s  to  

s .  s u i s  types 1 and 2 respe c t ively ove r the peri od o f  expe r i men t a t i on 

for  pigs  3 to 8 .  There was a gradual r i se i n  the ant i body ti t re a f t e r  

infec t i on .  I n  the pig  tha t deve l o ped s i gns o f  meni ng i t i s ,  the re was a 

s l ight drop i n  the t i t re to s .  sui s type 2 af ter  the ons e t  of c l i ni c a l  

d i sease . N o  dec rease i n  ti t re to S .  sui s type 1 was seen i n thi s  p i g .  

DI S CU S S ION 

Cannu l a t i on of the j ugular  ve i n  offers the advantages of access 

t o  a p l e n t i f u l  s upply of blood , an easy me thod o f  samp l ing and the 

minimi z i ng of s t ress  during co l l ec t i on of  b l ood ( Fo l l ey and Knaggs , 

1 9 6 6 ;  Shearer and Nea l , 1 9 7 2 ;  Pento , 1 9 7 4 ) .  I n  the presen t expe rimen t , 

the va l ue of pe rforming bi l a t e r a l  cannulat ions was ev i d ent wi th  the 

f a i l u re o f  som e  ca the t ers t o  rema i n  pa tent . A l though bo th  cannu l ae i n  

pigs 8 and 5 became blocked n i ne and s i x t een day s af t e r  the ope rat ion , 

a t  l e a s t one  c annu l a  r e m a i n e d  pa tent i n  a l l  o the r pigs for  the 

d u r a t i o n o f  t h e  e x p e r i m e nt  ( up to 2 6  days ) .  Wi th  two i ndwel l i ng 

ca the t e rs , the chances o f  bo th becoming blocked a re obvi ously l e ss 

than if only one catheter  had been used . However , pigs d i d  require  to 

be separa ted to preven t ne i ghbo uring pi g s  f rom chewi ng the cathe t e r  

and i n t e rferi ng wi th i t s  pa t ency . 

The re su l t s of thi s experiment support  the fi nd i ngs of Fri end and 

Sims ( 1 9 7 8 )  a nd C l i f ton-Hadley and Al exander ( 1 98 1 )  i n  demons t ra t i ng 

the d i f f icu l ty i n  consis ten t ly reproducing di sease a f t e r  arti f i c i a l  

i nfec t i on wi th  s .  sui s type 2 .  O n l y  one o f  eight p i gs , i nfected by the 

i n t r a v e nous  ro u t e , dev e l o p e d  the "c l a s s i c a l "  c l i n i ca l  s i gns of 

meni ng i t i s  and a r thr i ti s .  However , ano the r pig d i d deve lop a r thr i t i s  

i n  one j oint  appa rently associa ted w i t h  infect ion by S .  sui s  type 2 .  

None o f  the twelve  l i t te r  ma tes  t o  the experimen tal  pigs  deve l oped any 

o bv i o u s  n e r v o u s  s i gns o r  l a men e s s  du r i ng the c o u r s e  of t h e s e  

experime n t s .  ( The normal pos t weani ng mor t a l i ty for  thi s he rd i s  1 . 5 7 %  

w i t h  mos t of these losses bei ng as soc i a ted wi th  ent e r i c  d i seases ) .  
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F I GURE (. 4 

ANTIBODY T ITRE TO S .  SUI S TYPE 1 IN  PIGS  INTRAVENOUSLY INFECTED 
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FIGURE 1 . 5 

ANTI BODY T ITRE TO S .  SUI S  TYPE 2 IN PIGS INTRAVENOUSLY INFECTED 
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A l though the pig tha t deve l oped meni ng i t i s  was showi ng signs o f  

recove r i ng when i t  was eut hanas ed , i t  i s  h i ghly probable that thi s pig  

wou l d  have died if  i t  h ad  be e n  housed wi th o the r pigs  because o f  thei r 

agg r e s s iv e  na t u r e  ( Pu t t e n ,  1 9 8 1  ) .  In t h i s  pig , the art i f i c i a l ly 

i nduced bac te raemi a was detec ted f o r  on ly ten  minutes a f t e r  i n f e c t i on . 

Howeve r  seven days a f t e r  the i ni t i a l  i nfect i o n ,  a second ba cte raem i a  

d eve l o ped co i nc i d i ng w i th the occu rrence o f  clinica l  signs . Thi s 

second bacteraem i a  may have orig inated from organi sms s t i l l  present i n  

the b lood y e t  no t de tec ted because of  a tes t wi th low sensi t ivi ty , o r  

f rom a n  undete c t ed focus of  infect ion e l se�he re i n  the body such a s  

the pala t i ne t ons i l .  These f i ndings  were s i mi l ar  to those of  C l i f t on­

Had l ey and Alexande r  ( 1 981 ) who found tha t one pig devel oped a feve r 

and b a c t e raemi a , eighteen day s a f te r  i nt ranasal infection.  In  the 

p r e s en t  expe r i m e n t  t wo p i g s  a l s o  d e v e l oped a seve re necro t i z i ng 

pneumon i a.  However ,  this was probab ly caused by a sec ondary i nf e c t i on 

wi t h  C .  pyogenes origi nating f rom i nfec t i on around the ca theters . 

St reptococcus sui s ty pe 2 was i sola ted from the j o i n t s  as we l l  as 

t he meninges of both pigs wi th signs of l ameness.  The i so l a t i o n of 

s.  suis type 2 f rom the meninges of p i gs wi thout neuro log i ca l s igns 

was a l s o  r e po r t ed by  C l i f t o n-H a d l e y  and A l e xand e r  ( 1 9 8 1 ) .  The 

i s o l a t i o n o f  t h i s  o rga n i s m f r om the meni nges does not therefore  

necessa rily  imply  the  presence of c l i ni ca l  d i sease. Thi s could mean 

t ha t e i the r secondary fact ors or  more vi rulen t  s t ra i ns of S .  s u i s 

t y p e  2 a r e  n e c e s s a ry f o r  the  m o r e  c o n s i s t e n t  d ev e l o pme n t  o f  

" c l a s s i ca l "  d i sea s e .  

In the present experiment S .  sui. s type 2 were detected i n  the 

b l o o d  of  ap pare nt ly  no rma l pigs for up to ei ght day s .  Up to 1 05 

organi sms/m! of  b l ood were de tected i n  p i g s  wi thout s igns of  c l i ni ca l  

d i sease . However ,  the pig  tha t d i d  show c l inical  di sease , o n l y  had a 

bac te raemi a o f  j us t  g rea t e r  than 103 o rgani sms /m! of bl ood . Thi s woul d  

s u p po r t  the  hy p o t he s i s o f  C l a u s e n  ( 1 980 ) who beli eved secondary 

factors  we re necess ary for  the deve lopment of di sease. 

As s.  s u i s t y p e  2 wa s i sola ted f rom the blood o f  appa ren t ly 

no rmal pigs i t  i s  equa l ly po s s i b l e  tha t i t  could be i s ola ted f rom the 

b l ood of "diseased" pigs . Due to the r i c h b l ood supply of  mos t organs 

i n  the body , the f i nd i ng of this organi sm in ti ssues of di seased pigs 

shoul d the refore be inte rpre ted ca uti ous l y .  S i mi larly , d e t e c t i on of  
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s .  sui s type 2 in  t he bra i n  or meni nges does not necessa ri ly i nf e r  a 

d i s ease process i s  occur r i ng.  Therefore , the associ a t i on of s. sui  s 

type 2 wi th d i s eased t i ssue  does no t imply causa t i on .  

I n  thi s s tudy the propo rtion of viable  S .  sui s type 2 recove red 

f ro m  t h e  b l ood  one m i n u t e  a f t e r  i nocu l a t i on ( 1 0% ) , was s l i gh t ly 

g r e a t e r  t h a n  tha t recov e red a f t e r  two to  three mi nut e s  ( 6 . 6% )  as 

descri bed in the previ ous  sec t i on .  In  the f i rs t  ten minutes a f t e r  

i nf ect ion , the reduct i on i n  the numbe r o f  o rgani sms woul d  po ssi b l y  be 

associa t ed wi th the a c t i on of f a c t o r s in the se rum as described by 

B u l l ( 1 9 1 Sa ,  1 9 1 Sc )  and d i scus sed ear l i e r .  Howeve r  one hour a f t e r  

i n f e c t i on , phago cy t o s i s  co u l d  b e  he l p i ng r e duce thi s numbe r o f  

bac t eria ( Bu l l ,  1 9 1 Sa ) . Wright ( 1 927 ) found that i n  hi s expe riment , 

the i ni t i a l  rapi d c l ear i ng of vi rul ent  pneumococci could be reduced 

whe n  a c u l t u r e  i n  i t s l o gar .i t hmi c phase wa s inocula ted.  In t h i s 

experiment ,  a l l s t re pt ococci  i nocu l a t ed we re f rom an 1 8  hour cul t u re 

a n d  t h e  o rg a n i sms wo u l d  t h e r e f o re b e  reaching the end of the i r  

logari thm i c phase . 

The numbe r of S .  sui s type 2 i s o l a t ed f rom the blood woul d be 

d e t ermined by the ra t e  of  ba c t erial  mul t i p l i cat ion and the ra t e  of 

remova l f rom the blood s t ream . I n  pi gs whi ch re pea ted ly gave posi t i ve 

b l ood c u l t u r e s , S .  s u i s  t y p e  2 p r obably bo th mu l t i pl i ed and was 

removed a t  a s imi l a r  r a t e  as the numbe r of o rgani sms per  ml of b l ood 

wa s re l a t iv e ly cons t an t .  The re was no apparent  dose response f o r the 

d eve lopment of d i sea s e .  In  fact , the p i g  tha t di d develop  meni ng i t i s 

received the " lower"  dose of  104 o rgani sms .  Thi s fi ndi ng a l so  suppo r t s  

t h e  be l i e f  tha t second ary f a c t o rs mus t  a l s o  be  present , a s  we ll  a s  

i n f e c t i o n  wi t h  s .  s u i s  type 2 ,  f o r  the subsequent deve lopment of  

di sease . 

W i l s o n  and  Mi l e s  ( 1 9 5 5 )  b e l i ev e d  t h a t  the  i nj e c t i o n o f  a 

po tenti a l ly vi rulent o rgani sm into  an ani ma l s  blood s t ream prod uced 

g rea t e r  d i s semina tion of the organi sm.  Thi s caused the organi sms to be  

"diluted"  in  the hea l thy "an t ibac t e ri a l  t i ssues" of the ani mal . Thi s 

may a l l ow f o r  e a s i e r  a c c ess  t o , and d e s t r uc t i on o f  organi sm s by 

phagocy t e s  than if they were l o c a l .i. zed i n  one pa rt i cular  s i t e .  They 

be l i eved tha t loca l i za t i on coul d  al low the mul t i p l i ca t i on of organi sms 

t o  p r o d u c e a f o c u s  o f  i n f e c t i v e  pa r t i c l e s  wh i c h c o u l d  l a t e r  

d i ssemina te throughou t  the bod y .  Thi s may have occurred i n  the p i g  
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tha t subsequently  devel oped a ba c t e raemi a and meni ng i t i s ,  howeve r no 

obvious focus of  infection was f ound . Al though the t ons i l  a c t s  as a 

rese rvo i r  of i nfe c ti on ,  i t  appears there are no t l a rge numbers  of 

organisms present i n  norma l t ons i l l ar ti ssue as Arends e t  al ( 1 984 ) 

coul d  f i nd on l y  a f ew co l oni es  of S .  s u i s  type 2 i n  mos t t ons i l lar  

sec t i on s .  

The tota l and d i f fe re n t i a l  whi t e  c e l l  counts d i d  not appea r to 

have any corre l a t i on wi th e i ther the d eve lopmen t of c l i nical s igns o r  

the presence of S .  sui s type 2 i n  the bl ood . Onl y  two total  whi t e  ce l l  

count s  were outside  the normal range expect ed for pigs of thi s age 

( Dunne , 1 963 ; Col e s , 1 9 7 4 ;  Calhoun and B rown , 1 97 5 ) .  Thi s cou l d  aga in  

i ndi c a t e  tha t humo ral ra ther than cel l u l a r  components  i ni t i a l ly pl ay ed 

an i mpo r t ant  rol e in the i na c t iva t ion of vi able s. sui s type 2 .  

The re was a g radua l inc re ase i n  the t i t res t o  S .  sui s type 2 

during the experimen t .  An t i bod i e s  aga i ns t  bo th s .  sui s types 1 and 2 

appea red to i n c rease a t  s i mi l a r  ra t e s .  The se  f i ndings  a re cons i s tent  

wi t h  t hose reported i n  Cha p t e r  VI  for  na tura l ly infected pigl e t s .  

However , the p i g  tha t  deve l oped meni ngi t i s  deve loped a s l i ght d rop i n  

t i t re  c o r responding wi th the pe r i od o f  c l i ni cal  s igns and bac t eraemi a .  

Thi s f a l l  i n  t i t re may have been associ a t ed wi th t h e  presence of 

e x c e s s  a n t i g e n .  No s i m i l a r  d r op i n  t i t re to s .  suis  type 1 was 

rec o rded . Thi s furthe r  suppor t s  the be l i e f  tha t the antibody measu red 

by the ELISA was spec i f i c  for S. sui s .  

CONCLUS I ONS 

1 .  An i so l a t e  of S. sui s type 2 cul tured from the pa l a t i ne tons i l s  was 

capa b l e  of producing c li ni c a l  si gns a f t e r  i nt ravenous i nocu l a t i on i n to 

pig s .  The re wa s no apparent dose  response to the numbe r of organi sms 

i nj ec t ed .  

2 .  Othe r unknown factors a re req uired for the devel opment of cl i ni ca l  

d i s e a s e  besi d e s  the presence of S. sui s type 2 i n  t h e  blood even when 

i n  l arge numb e rs and for l ong period s .  

3 .  S t re ptococ cus sui s type 2 can surv i ve i n  the bl ood s t ream of pigs 

wit hout any appa rent pa thological  e f fec t and there f o re the i s ol a t i on 
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of thi s organism f rom "diseased"  t i ssue does not ne cessa ri l y  .i mp l y  

causa l i t y .  

INFECTION O F  THE CEREBRO-SPINAL FLUID ( CS F )  WITH S.  SU I S  TYP E 2 

INTRODUCTION 

The d i f f i cul ty in consi s t en t l y  re produci ng c l i ni ca l  d i s ease a f t e r  

i nfec t i on wi th s .  sui s type 2 h a s  been demons t rated e a r l i e r i n  thi s  

c h a p t e r  a n d  a l s o b y  F r i e nd a n d  S i m s ( 1 9 7 8 ) .  C l a u s e n ( 1 9 8 0 )  

demons t ra t e d t h a t m e n i ngi t i s  could on l y  b e  produced when s .  sui s 

type 2 was i nj ec t ed di rec t ly i n to  t he subarachno id s pac e .  The a i m  of  

the p rese nt  expe riment was to inv e s t iga t e  i.f 

1 .  d i s e ase could be reproduced cons i s ten t l y  by t he .i nj ect ion of  

S .  sui. s  typ e  2 i nto the  C. S . F . 

2 .  i f  d i f f e rent  .i s ola tes of S .  sui s type 2 had d i f f e ri ng degrees 

of  pa thogeni c i t y .  

MATER I ALS  AND METHODS 

Animal s  

P i g l e t s  tha t had been weaned f o r  three day s ( f i ve weeks o l d )  were 

used i n  thi s experi ment . Al l s i xteen p i gs  or i g i na t ed f rom herd 1 and 

we re  f rom four  l i t t e r s .  Af t e r  i no c u l a t i on ,  pigs we re housed i n  

indivi dua l pens app roxima t e ly one me t re by two me t res  i n  s i z e .  Pens 

had s o l i d  wal l s  and there was no d i rec t co ntact be tween nei ghbouring 

pigs . Each pig was fed weane r pe l l e t s  in  an open conc re t e  t rough and 

wa t e r  was p rovi d ed from a nipple  d ri nker .  

Infec t i on P rocedure 

P ig s  were fas t ed for 18 hours pri o r  to infect ion but were a l l owed 

acc e s s  to wa t e r .  The pigs were  i ni t ially  seda t ed wi th an i n t ramuscu lar 
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i nj e c t i o n o f  0 .  5 m l  o f  a z a p e rone2 1  and surg i ca l  anaesthes i a  was 

i nduced wi th 5 %  halothane admini s t e red by a face  mask. Anaes thes i a  was 

mai n t a i ned wi t h  1 %  to 2% ha l o thane on a closed ci rcu i t  ana e s t he t i c  

machi ne.  

The dor s a l  region of  the neck , f rom the nucha l crest  to the f i f th 

cervical ve r t e b rae , was c l i pped and d i s i nfec t ed wi th a s o l u t i on of  

hibi. tane and me thy l a ted spi r i t s  ( A ppend i x  VI ) .  Pigs were p l aced i_n  

r i gh t  l a t e ra l recumbency and the head f l exed so that the long axi s of  

the head was a t  a right ang l e  to  the c e rv i ca l  vertebrae.  Th i s  pos i t i on 

he l p ed max i mi z e  t he dorsal  space be tween the occi pi tal condyl  es  and 

the f i rst  ve r t ebra.  A 22  gauge , two and a ha l f  inch ( 6 . 3  cm ) need l e22 

c on t a i n i ng a s t e e l  s t i l e t t o  was i nsert ed i n  the midl i ne at r ight 

ang l es to the ski n  approxi ma t e l y  three cm cauda l to the nucha l cre s t .  

To a s s i s t  i n  the pos i ti oning o f  thi s need l e  and t o  show the anat omi c a l  

s t ruct ure , a rad i ograph had i ni t i al l y been taken o f  t h e  sku l l  and 

c e r v i c a l  v e r t e b r ae of an anaes the t i zed pi g ( P late  7 . 5 ) .  When the 

need l e  was bel i eved to be si tua t ed i n  the suba rachno i d  space , the 

i nner s t i l e t t o  was removed , and i f  the need l e  was correc t l y  pos i t i oned 

C . S . F . wou l d  d r i p  f r om t h e  hub ( P l a t e 7 . 6 ) .  In s ev e r a l  pi g s  

reposi t ioning wa s necessary to ensure co r rect placement of  the need l e .  

S .  s u i s  type 2 was then gen t ly admi ni s t e red i n  a vo lume of  0 .  5 m l . 

A f t e r  inocu l a t i on the need l e  was wi thdrawn and the p i g  di sconnec t ed 

f rom the ana e s the t i c ma chi ne and a l lowed to  recove r .  

Two pigs  we re i nocula ted wi th approx i ma t e ly 2 .  5 x 1 0 5 o rgani sms 

of a non-capsul a t ed s t rai n of  S .  su i s  type 2 .  Thi s i so l a t e  had been 

c u l t u r ed f r om t h e  pa l a t i n e t o n s i l s o f  a p p a r en t l y h e a l t hy p i gs 

s l augh t e re d  a t  a mea two rks . The :i so l a te had been subcul tured for  

approxima t e l y  s i x mon ths and i t  was duri ng thi s period of  s ubcul t uri ng 

tha t the capsul e  was los t .  

F i v e  p i g s w e r e  i no c u l a t e d  w i t h  a p p r o x i m a t e l y  2 . 4  x 1 0 5 and 

a n o t h e r f i v e  wi t h  a p p r o x i ma t e l y  8 x 1 0 2 c a psul a t ed o rgani sms of 

s .  s u i s  t y p e  2 .  Th i s  isola te  had been cu l tu red f rom the pa l a t i ne 

tons i l s  approxima t e ly three months p r i o r  to thi s expe riment .  

2 1  S t resni l , Smi thkl i ne and Fre nch La bo ra to ries  
( Aus t ra l i a )  Limi t ed , French ' s  Fores t ,  N . S . W . 

2 2  Monoj ect , She rwood Med i ca l  I ndus t r i e s Inc . , 
Deland , F l or i da 
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PLATE 7 . 5  

RADIOGRAPH OF THE PIG HEAD FOR POSITIONING OF THE NEEDLE 
INIU THE SUBARACHNOID SPACE 

PLATE 7 . 6  

POSITIONING OF THE NEEDLE IN TilE SUBARACHNOID SPACE 
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T w o  p i g s  we r e  a l s o i no c u l a t e d  wi t h  a p p r o x i m a t e l y  8 x 1 0 5 

o r g a n i s m s  o f  S .  sui s typ e  2 which had been i s o l a ted f rom a human 

pa t i ent  wi t h  a ba c t e ra em i a  (Dicki e et a l , 1 98 7 ) . 

Two p i gs were i nj e c t e d  wi t h  O .  5 m l  of Todd Hewi t t B roth d i lu t ed 

i n  phy s i ologica l sal i ne t o  a concentra t i on of  1 /4 0 0 .  Thes e  pigs we re 

used as con t ro l s  and we re handl ed in a s i mi l a r  manne r to  the i n f e c t ed 

p i g s .  

A l l i s o l a t e s  o f  S .  sui s t y p e  2 were i ni t i a l ly grown i n  Todd 

Hewi t t  B ro th for 1 8  hou r s .  Thi s c u l ture was d i l u t ed i n  phy s i o l o g i c a l  

s a l i ne t o  obtain t h e  req u i red number o f  bac teri a .  The approxi ma t e  

number of bac t e ria  p resent  i n  each i nocu l um was d e t e rmi ned b y  a s e r i e s  

o f  d i l u t i ons as  desc r i bed  i n  Chap t e r  I V .  

Clinica l Signs , Mi crobiol ogy and Pa thology 

Dur i ng the expe rimen t , p i gs were exami ned  a t  l e a s t  twice d a :i  l y  

f o r  the d eve l opmen t  o f  c l i ni ca l  signs . A l l  pigs were eu thanased w i th 

i nt ravenous sod ium p entoba rbitone w i thi n thr e e  weeks of i nfect i on and 

were  autopsi ed and exam ined  f o r  g ross pa tho l ogi ca l change s .  Por t i ons 

of brai n ,  s p i na l  cord , l iver , s p l een  and k i dney were f i xed  i n  1 0% 

f ormal i n  and exami ned f o r  hi s t opa tholog i ca l chang e s .  A swab of  the 

meninges and t i s sue f rom the bra i n ,  l ive r ,  k i dney and spl een we re 

c u l tured on she e p  b l ood  aga r .  

RESULTS 

Tabl e  7 . 1 0 summar i zes  the c l i ni cal  s igns , m i c robi o logi c a l  res u l t s  

a n d  pa thol ogical f i nd i ngs for the 1 6  p i g s  u s ed i n  t h i s  exper imen t .  

A l t hough severa l  pigs  showed signs of exc i tabi l i t y  two to three hours 

a f t e r t h e  i nocula t i on , only the two pigs  tha t received the human 

s t ra i n  d ev e l oped an obv ious p e rs i s te n t  n e rvous d i sord e r .  These p i gs 

showed t he "c lassi ca l "  s i gns of  opis  tho tonus , padd l i ng and te t a n i c 

s pa sms ( P l a t e  7 . 7 ) .  The i ni t i a l  exc i tabil i ty shown by some p i gs may 

hav e  been assoc i a t ed w i t h  the i nj e c t i on techni que as one con t ro l  p i g  

a l s o  showed these signs.  Two other  plgs d i d  show s i gns of s l i ght hi nd 

l e g  i nc o o rd i n a t i on a n d  d e p r e s s i o n .  St re ptococcus sui s type 2 was 

i s o la t ed f rom the b ra i n  or meninges of a l l  p igs o the r than one p :i g  
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TABLE 7 . 1 0 

CL I NICAL , MICRO B I OLOGICAL AND PATHOLOGI CAL F INDINGS O F  SUBARACHNOI D  INOCULAT ION WITH S .  SUI S  TYPE 2 

I SOLATE O F  
S .  SU I S  

TYPE 2 

Non-c a p su l a t ed 

Non-c apsu l a t ed 

Porc i ne F i e ld 

S t r a i n  

P o r c i ne F i e ld 
S t r a i n  

P o r c i ne F i e ld 

S t r a i n  

P or c i ne F i e ld 

S t r a i n  I 

Porc ine F i e ld 

S t r a i n  

DOS E  

2 . 5  X 1 05 

2 . 5  X 1 0 5 

2 . 4  X 1 05 

2 . 4  X 1 0 5 

2 . 4  X 1 0 5 

2 . 4  X 1 05 

:2 . 4  X 1 0 5 

T I ME OF 

SEX EUTHANAS I A  

AFTER 

INFECTION 

M 8 

F 8 

M 5 

C L IN ICAL 

S I GN S  

S l i ght 

inc oord i n a t i on 

Normal 

Norma l 

H 3 S l ight 

incoordina t io n  

F 1 9  Norma l 

H 1 9  Norma l 

F 5 Norma l  

REC OVERY O F  

S .  S U I  S 

Br a i n  

Me ninges 

Brain 

He ninges 

He ninges 

Br ain 

Heninges 

GRO S S  

PATHOLOGICAL 

L E S I ON S  

HI STOPATHOLOGICAL 

L E S I ON S  

Mi ld subac u t e  meni ng i t i s  

Vacuo l a t i o n  o f  whi t e  ma t t er 

Foc a l  axono p a t hy i n  

c erebe l l a r  pedunc l e  

Oc c a s ional  g l i a l  nodu l e  wi t h  

inf i l t r a t i on o f  mononuc lear c e l l s  

Suba c u t e  inter s t i t i a l  nephr i t i s  

O c c a sional  g l i a l  nod u l e  

c o ngest i o n  o f  meninges 

O c c a sional  mononuc l e a r  

i n f i l t r a t i o n  i n t o  port a l  

sinusoids  

O c c a s i on a l  g l i a l  nod u l e  wi t h  

i nf i l t r a t i o n  o f  mononu c l e ar c e l l s  

subac u t e  i n t er s t it i a l  nephr i t i s  

Oc c a s ional  g l i a l  nodule with 

i nf i l t r a t io n  o f  mononuc lear c e l l s  
Suba c u t e  int e r s t i t i a l  nephr i t i s  

CONT INUED ) 
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TABLE 7 . 1 0 ( c ont i nu e d ) 

I SOLATE O F  T I ME OF 

s .  SU I S  DO SE SEX EUTHANAS IA C L I N I CAL RECOVERY OF GRO S S  HI STOPATHOLOGICAL 
TYPE 2 AFT ER S I GN S s .  SU I S  PATHOLOGI CAL L E S I ON S  

INFEC T I ON L E S I ON S  

Porc i ne F i e ld 8 X 1 02 M 3 I n i t i a l  C .  S .  F . ,  me ninges Mild i nf i l t r a t i o n  o f  mononu c l e a r  
S t r a i n  exc i t a b i l i t y  s p l e e n ,  blood c e l l s  i n t o  subar achnoid s p a c e  

P o r c i ne F i e ld 8 X 1 02 M 1 0  Norma l B r a i n  Mild i nf i l t ra t i o n  o f  mononu c l e a r  

S t r a i n  c e l l s  i n t o  subarac hnoid s p a c e  
O c c a s i ona l g l i a l  nod u l e  

Subacu t e  int e r s t i t i a l  nephr i t i s  

P o r c i ne F i e ld 8 X 1 02 M 1 0  I n i t i a l  B r a i n  Oc c a s i on a l  g l i a l  nod u l e  wi t h  
S t r a i n  exc i t a b i l i t y  Meninges i nf i l t ra t i o n  o f  mononuc l e a r  c e l l s  

subac u t e  i nt er s t i t i a l  nephr i t i s  

Porc i ne F i e ld 8 X 1 02 M 5 Norma l Br a i n , me ninges  Oc c a sional g l i a l  nod u l e  wi t h  
S t r a i n  kidney , blood i n f i l t r a t i o n  of mon o nu c l e a r  c e l l s  

suba c u t e  i nt er s t i t i a l  nephr i t i s  

Porc i ne F i e ld 8 X 1 0 2 F 1 9  I ni t i a l  subac u t e  i nt er s t i t i a l  nephr i t i s  

S t r a i n  exc i t a b i l i t y  

( CONTINUED)  



I SOLATE OF 
S .  SUIS 
TYPE 2 

control 
l/400 broth 

Control 
l/400 broth 

Human 

I solate 

Human 
I sola te 

DOSE 

0 

0 

TIME OF 
SEX EUTHANASI A  

AFTER 
I NFECTION 

M 19 

F 5 

M 1 

F 5 

TABLE 7 .10 (continued) 

CLI NICAL 
SIGNS 

I n i t ial 
exc i tabi l i ty 

Normal 

RECOVERY OF 
S .  SUI S 

In i t i a l l y  normal Bra i n , C . S . F .  
8 hrs depression men i nges 

12 hr s lateral r ecumbency 

24 hrs op i sthotonus 
paddl i ng , tetan ic spasms 

I n i t i a l l y  normal 
8 hrs i ncoord i na t i on 

Men i nges 
C . S . F .  

2 4  hrs splayed leg s ,  
tremour i ncoord i nation 

48-72 hrs head tremour 
sl ight improvement 

GROSS 
PATHOLOGICAL 

LESIONS 

HI STOPATHOLOGICAL 
LESIONS 

Opaque 
congested 
men inges 

subacute i n terst i t ial nephr i ti s  

Occa s i onal g l i a l  nod ules 
subacute i n ter s t i t ial nephr i t i s  

Lepto/pachyrneni ngeal i n f i l trat ion 
by neutroph i l s  and mononuclear 
cel l s .  Larni nar necro s i s  o f  
super fic ial cerebral cor tex . 
Inflammation o f  cerebel l um .  

Lepto/pachyrnen i ngeal i n f i l trat i on 
by neutroph i l s  and mononuclear 
cel l s . severe destruc t i on o f  
molecular layer of cerebellum 
w i th vacuole formati on 

IV 
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PlATE 7 .  7 

PIG WITH SIGNS OF PADDLING AND OPISTHOTONUS AFTER INJECTION 

WITH THE HUMAN ISOlATE OF S .  SUIS TYPE 2 INTO TifE C .  S .  F .  
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i nf ec t ed w i t h  the l ow d o s e  ( 8  x 1 02 ) ,  one p i g  tha t r e c e i ved the non­

c a p su l at ed s t ra i n  and the two c o n t r o l  p i g s .  

O n l y  the t wo p i g s  wi t h  t h e  " c l a s s i cal"  ne r vo u s  s i gn s  showed g r o s s  

pa thologi c a l  c hang e s  of the b r a i n  i n  whi c h  t h e  meni nges we re o paq u e  

a n d  oedema t o u s .  On h i s t op a tho l og i c a l exami na t i on , the s e  p i g s  a l s o  had 

t h e  m o s t  s ev e re 1 e s i  ons of acut e s up pura t i  ve meni ngoencepha l i t i s .  

The r e  wa s e x t ensive l e p t om ening e a l  and pa chymeningea l  i n f i l t ra ti o n  by 

n e u t rophi l s  and some mononu c l e a r  c e l l s , wi t h  s ev e re de s t ruc t i o n  of t he 

mol ec u l a r  l ay e r  and Purkinj e ' s  l a y e r  i n  t h e  c e rebe l l um ( P l a t e  7 . 8 ) .  

M o s t o t h e r  p i g s  s h o w e d  o c c a s i o n a l  g l i a l  n o d u l e  f o rm a t i o n  a nd 

i nf i l t ra t i on o f  mononuc l e a r  c e l l s  i n  the b ra i n  ( P l a t e  7 . 9 ) .  Howeve r ,  

s om e  g l i a l  nod u l e s  we r e  a l s o  found i n  one o f  the cont ro l p i g s .  

DI S C U S S ION 

P r ev i ou s  wo r k e r s  h a v e  r e c o r d e d  d i f f i cul t i es in cons i s t e n t l y  

r e produci n g  d i s e a s e  i n  p i g s  a f t e r  a r t i f i c i a l  i nf ecti on with s .  sui s 

typ e  2 ( Fr i e nd and Sims , 1 9 7 6 ;  Cl i ft on-Had l ey and A l exande r ,  1 98 1 ) .  

Th e s e  d i f  f i c u l  t i e s  w e r e  d em o n s t r a t e d  ea r l i e r  i n  thi s c ha p t e r  i n  

r e l a t i on t o  i n t ranasa l  and i n t ravenou s  i n f e c t i on o f  p i g s . A s  C l a u s e n  

( 1 98 0 )  f o und tha t  m e n i ng i t i s cou l d  onl y  b e  p roduced i n  p l g s  af t e r  

s ub a rachno i d  i no cu l a t i on , i t  was d e c i d ed t o  i nf e c t  some p t g s  by thi s  

r ou t e .  A l t ho ugh an i nc on s i s t en t  p roduc t ion o f  c l i ni cal s i gn s  was aga i n  

d emons t ra t ed , s om e  i mpo r t a n t  fac t o r s  we re recogni z ed i n  t h e  pa t te rn o f  

d i s ea s e .  

I n  t h e  pre s e n t  e x p e rimen t , t h r e e  d i f f e r e n t  i so l a t e s  o f  s .  s u i s 

t y pe 2 w e r e  u s e d .  O n l y  t h e  i so l a t e  cul t u red f ro m  a human was c apabl e 

o f  reprod u c i ng t he " c l a s s i c a l" c l i n l c a l  d i s e a s e .  P e de r s e n  e t  a l  ( 1 9 8 1 ) 

a l s o  d e m o n s t r a t ed t ha t s .  s u i s t y p e  2 i s o l a t ed f rom humans was 

p a t ho g en i c f o r p i g s , w h e n a d m i n i s t e r e d  b y  t h e  i n t r a d e rm a l  and 

s u b cutaneous rout e s .  S t r a i ns of s.  sui s t y p e  2 i s o l a t e d  f rom p i g s , 

appe ared n on-pa thogeni c even when a dmi n i s t e red a t  comparabl e  d o s e s  t o  

t h e  huma n  i s o l a t e .  Thi s woul d  i nd i c a t e  t ha t  the pa thog e n i c i t y  o f  

i so l a t e s  o f  s .  sui s t y p e  2 can v ary . Fur t he r  evi dence t o  s uppo r t  thi s 

v a r i abl e pa thogen i c i t y  wi l l  be d i s c u s s e d  i n  t h e  next s e c t i on of t h i s 

cha p t e r .  The human s t ra i n  wa s p re s umed t o  have o r i gina t e d  f rom pigs a s  

the pa t i e n t  enj oyed e a t i ng po rk and wou l d f re q ue n t ly cut u p  p i g  head s 
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PLATE 7 . 8  

MENINGITIS OBSERVED IN A PIG WITH CLINICAL SIGNS INFECTED 
WITH THE HUMAN ISOLATE OF S .  SUIS TYPE 2 INI'O THE C .  S .  F .  

Magni f i cat ion x 25 

PLATE 7 . 9  

A GLIAL NODULE IN A PIG WITHOUT CLINICAL SIGNS AFTER INFECTION 

WITH A PORCINE ISOLATE OF S .  SUIS TYPE 2 

Magnif icat ion x 62 . 5  
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f o r  mea t .  The regi on f rom whe re thi s person or iginat ed does no t have a 

highe r morbidity  o r  mo r tal i ty rate of ne rvous or arthri t i c  di sease in  

pigs  than doe s  the res t of  New Z ea land . Thi s  may indi ca t e  tha t certain  

pa t hogenic s t ra i ns of S .  suis type 2 may not be  carri ed by 1 00% of 

p i g s  u n l i k e  t h e  " n on-pa t ho g e ni c "  s t rains , or tha t if pa thogenic 

s t ra in s  a re present i n  al l pigs , secondary f a c t ors are needed for  the 

deve lopment of c l i ni ca l  d i seas e .  

The p r e s e n c e  o f  m :i  I d  h i s t o p a th o l og ical  changes i n  the pigs 

inocula t ed wi th porci ne isolates of  S .  sui s , was probably associ a t ed 

wi t h  t he i nj e c t i o n o f  f o r e i g n  ma teri a l  ra ther than the o rgani sm 

i t se l f , as one c on t ro l pig  also devel oped these changes . Si mi l a r ly , 

the i ni t i a l  exc i tabi l i ty a f t e r  infec t i on was also  seen in  one cont rol 

p ig .  The two pigs i nf ected with  the human s t rai n appeared no rmal two 

t o  t h r e e  h o u r s  a f t e r a n a e s t he s i a  i nd i c a t ing t h a t the  s i g n s  

subsequently seen we re caused by the o rgani sm ra the r  than f rom the 

inocula t i on techni que.  The i solati on of s .  sui s  type 2 f rom the b r a i n  

o r  meninges o f  appa ren t ly normal , ye t infected  pigs , i s  iden t i ca l  t o  

t h e  f i ndings repo r t ed ear l i e r .  I t  would appea r that S .  s u i s  type 2 can 

b e  p re s en t  i n  t h e  m eni nges wi thou t caus ing ove r t  c l i nical s i gns . 

S e c o nd a ry f a c t o r s  may the ref o re be needed for the deve lopment of 

c l i n i c a l  d i s e a s e  o r  som e  s t ra i n s of s .  sui s t y p e  2 may no t be 

pa thogenic f o r  p igs . Howeve r ,  as the porci ne i sola t e  was the same one 

tha t  produced ne rvous signs in a pig infected vi a the int ravenous 

route , i t  woul d appe a r  tha t thi s i sola t e  can be  pa thoge ni c but on l y  i n  

pa r t i cular ci rcums tances.  

S t reptococcus sui s type 2 we re also  i so lated f r om the b l ood of  

two pigs i nfect ed wi t h  the low dose (8  x 1 02 ) .  The ba cteraemi a in  

the s e  pigs was de t e c t ed three and f ive days  a f t e r  infec t i on .  Thi s 

bac t eraemia may have arisen from the i nocu l a tion , ei ther i f  pa r t  o f  

t h e  d o s e  had been acddentally  inj ected i n t o  a blood vessel  o r  i f  

o r g a n i s m s  h a d  e n t e r e d  t h e  b l o o d  s t r e a m  f r om t h e  b r a i n ,  o r  

a l te rna t ively i t  coul d have been a t o t a l ly unconnected f i nding.  In  

Chap t er  V ,  10%  of weane r pigs  we re found t o  have a bact eraemi a of  

s .  sui s type 2.  At  thi s preval ence ra t e , the r e  is  a one i n  four chance 

of d e t ec t i ng a bact e raemia in two of the 1 6  i nocula ted pigs . The ref o re 

i t  i s  q u i t e  p o s s i b l e  tha t t h e s e  b a c t e raemi a s  we r e  u n r e l a t e d  

coincidental f i nd i ng s .  
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From these resu l t s  i t  i s  obvi ous tha t the de t e c t i on of s. su:f_s  

type  2 f rom the  bra i n  o f  e i the r norma l o r  d i seased pigs  does no t -
necessari ly infer tha t  S .  sui s  type 2 was a causal agent of d i s ea s e .  

The presence of this  o rgani sm i n  a d i s eased brain  could b e  pure ly  

coincidental  and there f o re mi c robi o logica l resul t s  tha t  inc l ude the 

i so lation of S.  sui s ty pe 2 shoul d  be t rea t ed wi th caut i on.  Howeve r  i n  

the present experime nt , the sudden onse t  o f  c l i nica l  s i gns i n  the p i gs 

inocu l a t ed wi th a human s t rain  and the l a ck of  c l i ni c a l  d i sease i n  

pigs i nfect ed wi th  po rcine s t ra i ns would  suppo r t  the b e l i ef tha t s ome 

s t rain s  of s. sui s type 2 are more vi rulen t than othe rs . 

CONCLUS IONS 

1 .  D i f f e re n t  s t ra i ns of s. suis type 2 have dif ferent  degrees of  

pa thogenici ty f o r  p i g s .  

2 .  Othe r factors , b e s i d e s  the presence i n  t h e  brai n of porcine s t ra ins 

of S .  sui s type 2 ,  are needed f o r  c l i nical  d i se ase to deve lop in pig s .  

3 .  I s o l a t i on o f  s .  s u i s  t y p e 2 f rom the b rain o f  pigs does n o t  

necessari ly imply t he presence o f  a pa tho l ogica l proces s .  

INFECTION OF LABORATORY ANIMALS WITH STREPTOCOCCUS SUI S  

INTRODUCTION 

S t reptococcus suis  types 1 and 2 have ma i n l y  been as socia ted wi th  

d i s ease s  of  pigs , w i t h  s .  sui s type 2 onl y  rarely be i ng a zoono t i c  

agent and produci ng d i s ease i n  humans o r  o t he r  animal s  ( Robe r t son , 

1 98 6 ) .  

Fi e l d  e t  al  ( 1 9 5 4 )  and S t roj na e t  a l  ( 1 9 7 8 )  repo rted tha t S .  sui s 

t y p e  1 was  n o n - p a t hoge n i c for  m i c e , guinea p l gs and rabbi t s  when 

i no cu l a t ed by t h e  s u b c u taneous , i n t ra-per!  t oneal , int ravenous and 

i n t racrani a l  route s .  Howeve r ,  Z he l ev et a l  ( 1 96 0 )  produced d isease  i n  

m i c e  f o l l ow i ng i n t ra pe r i t o n e a l  i n o c u l a t i o n  o f  an uns pe c i f i e d  
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d i plococcus i sola t ed from pigl e t s  wi th meni ngoencepha l i t i s  ( presumably 

s. sui s type 1 ) .  Hon t and Banks ( 1 94 4 )  a l s o  p roduced some fata l i t i e s  

i n  m i c e  f o l l ow i ng i n t ra p e r i t o n e a l  i n f e c t i o n w i t h  a s t r a i n o f  

s t reptococci (bio chemi c al ly s imi lar  t o  s .  sui. s ) , i s o l a t ed f rom a pig 

wi th endocardi t i s .  McEr lean ( 1 9 5 6 )  was abl e  to infect young rabbi t s ,  

mi ce and guinea pigs wi th a s t reptococcus i solated from pig l e t s  wi th 

meni ngo-encepha l i t i s .  He  showed tha t the organism had a tendency to 

infect the brain and j o i nts of the labo ra t o ry animal s  exami ned . 

S t reptococcus sui s type 2 has a l s o  been i sola ted f rom a raccoon 

dog ( Nyctereutes procyonoides ) tha t  d i ed suddenly wi thout showi ng any 

c l i ni cal  i l lnes s .  The anima l s  d i e t  i ncl uded uncooked pig mea t from 

p i g s  which had d i ed .  The se pigs or igina t ed f rom piggeries  wi th endemic 

s t reptococca l meni ng i t i s .  On nec ropsy of the raccoon dog , there we re 

no gross l e s i ons o ther than a sl igh t alveo lar emphysema . ·  However on 

ba c t e r i o l og i ca l  exam i nati on a heavy growth of s. sui s  type 2 wa s 

o b t a i ne d  f r om t h e  l iver and ce rebrum. Other raccoon dogs , wo lves 

( Cani s lupus ) and lynxes ( Fe l i s  lynx ) whi c h  had also  been fed simi l a r  

pig  mea t , failed to  show any cli ni.cal s i g n s  (Keyme r  e t  al , 1 98 3 ) . To 

i nves t iga t e  the pos s i b l e  rol e  of dogs ac ting as carr i e rs of s .  sui s 

type 2 ,  t ons i l lar  swabs we re taken from four  d ome s t i c  dogs on a pig  

f a rm with  a hi s to ry of  d i seas e from S .  sui s ty pe 2 .  Al though S .  sui s 

ty pe 2 was no t i s o la ted , Keyme r e t  al  ( 1 98 3 )  bel i eved tha t s .  sui s 

type 2 shoul d  be c onsi de red a po tential  pa thogen o f  dome s t i c  dog s i n  

pig rearing areas and they beli eved there we re possible  dangers in  

f e eding uncooked p i g  mea t t o  ca rni vores . 

The aim of the present expe riment was to de termi ne i f  S .  sui s  was 

capable of p roducing d i sease i.n labora tory animals and to i nves tiga te 

i f  the re were dif fe rences  i n  the pa thogeni c i ty of  i solates of S .  sui s  

f o r  these animal s .  

MATERIALS AND METHODS 

Experimental Animal s  

Labo ra tory mi ce ( N . O . S . ) ,  ra ts  ( Sprague Dawley ) , gui nea pigs  and 

r a bb i t s  ( Ne w  'Z e a l and  w h i t e s ) were infected  wi th S. sui s in t hi s 

experimen t .  The mice  were six t o  twe lve weeks o l d , the ra t s  and guinea  
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pigs ten weeks old and the rabb i t s  1 2  t o  2 6  weeks old.  Fema le g u i nea 

pigs  and rat s  were  used , however the m i ce and rabbi t s  were of both 

sexes .  All  animal s  were appa rently heal thy prior to expe riments tion.  

The mice , ra ts  and gui nea pigs a l l  originated f rom the Sma l l  Animal 

Breeding Co lony , Massey University , whi l s t  the rabb i t s  were ob t a i ned 

f rom two local breeders  wi th  the same gene t i c  s tock. 

A l l  s tock we re housed in a heat ed i sola ted room and regu larly 

exa m i ned f o r  e v i d ence  o f  c li ni cal  signs of  d i sease . Animal s  tha t 

survived were autopsied  withi n three weeks o f  i nf e c t i o n ,  except  for 

t he o f f spring o f  some of  the infec t ed mi c e  born during the expe r iment , 

whi ch were kil led be tween the age of one day and one month.  Mj ce , ra t s  

a n d  g u i n e a  p i g s  we re  e u t h a n a s e d  b y  g as s i ng i n  a ca rbon d i oxide 

chamber ,  whi l s t  rabb i t s  we re dest royed wi th  a n  i nt ravenous i nj ec t i on 

o f  s o d i  urn pentobarb i t one . The liver , k i dney , spleen , hear t  blood , 

b rain  and the maj o r  j oints  ( hi p ,  shoulde r ,  s ti f l e  and elbow) were 

cul tu red f rom each anima l autops i ed .  

Infect i on Procedure 

I n  these expe riment s ,  f i eld s t rains of  both s .  sui s ty pes 1 and 2 

w e r e  u s ed . The s e  h a d  b e e n  i sola ted f rom the pa l a t i ne t ons i l s  o f  

apparen t ly hea l thy pigs  and a human s t ra i n  i s olated f rom a pa t i ent  

wi th bacte raemi a .  The i solates  we re grown ove rnight i n  Todd Hewi t t  

B r o t h  a n d  t h e  num b e r  o f  o rg a n i sms p r e s e n t  i n  each ml o f  broth 

de termi ned by the t echnique described in Chapter  I V .  The cul ture wa s 

ei ther di luted i n  phos pha te buf f e red s a l i ne o r  i nj ec t ed d i rectly i nto 

the laborat ory anima l s .  

Mice we re i nf e c t e d  by ei ther the i n t raperi tonea l route  or  by an 

i n t ravenous i nj ec t i on into the coccygeal vei n .  Ra t s  and gui nea pigs  

were i nf e cted  by  d i re c t  int ra-cardiac i nj e c ti on. They received the 

same d o se as tha t g iven to the mice . A l l  rabbi t s  were infec ted by an  

i n t r a v e n o u s  i n j e c t i o n  i n t o  t h e  ma rg i na l  e a r  v e i n .  P r i o r  t o  

i nocula t i on ,  xyl ene was rubbed o n  the e a r  t o  p roduce vasod i l a t i on o f  

the veins.  
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Porcine s t rains o f  s .  suis 

Eleven mice  we re int ravenous ly inocu l a t ed wi th 0 . 1 ml conta ini ng 

1 . 2  x 1 07 o rgani sms of  the po rcine s t ra i n  of s .  sui s type 2 .  Ra t s  and 

gui nea pigs we n� infected wi th 6 x 1 0 7 o rganisms in a vo lume of 0 .  5 

m l .  Four rabbi t s  were infec ted wi th 6 x 1 07 s. su:l. s type 2 .  One of 

these rabbi t s  received a sec ond dose of 1 .  2 x 1 07 s .  sui s type 2 ,  1 4  

d a y s  a f t e r  t he i ni t i a l  i nfec t i on .  Ano the r three rabb i t s  ini t i. a l l y  

received 6 . 6  x 1 0 7 o rgani sms o f  S .  sui s type 1 f o l l owed b y  1 . 2  x 1 0 7 

s .  sui s type 2 eight  days l a t e r .  

Human s t rain o f  s .  sui s type 2 

Fourteen mice  were i noculated wi th  0 . 1 ml conta i ni ng 4 .  6 x 1 0 7 

o rgani sms i n  0 . 1 ml , nine wi th 2 3  x 1 07 ( 0 . 5ml ) ,  t e n  wi th 7 . 2  x 1 06 , 

t e n  wi t h  1 . 8  x 1 0 4 a nd t e n  wi t h  4 5  o r g a n i sms ( 0 . 1 m l ) by t he 

i nt ravenous rout e .  The int raper i t onea l  rou t e  was also  used wi th ten  

m i c e  re c e i v i ng 4 . 6 x 1 0 7 o rgani sms ( 0 . 1 ml ) ,  ei ght wi th 2 3  x 1 0 7 

( 0 . 5m l ) , s even wi th  7 . 2  x 1 06 , 1 4  wi t h  1 . 8  x 1 04 and t en wi th  4 5  

o rg a n i sm s  ( 0 . 1 m l ) .  Rats  and rabbi t s  we re infected wi th 2 3  x 1 07 

o rgani sms of S .  sui s  type 2 i n  a vo lume of 0 . 5 ml . 

RESULTS 

Mi ce , Rats  and Guinea Pigs  

Tabl e  7 . 1 1  s ummari zes the  mo rbi di ty and mo rta l i ty associa ted wi th 

i n f ec t i on by s.  sui s i n  the l aborat ory anima l s .  No c l i ni. c a l  si gns we re 

observed in the m i ce , rats  and gui nea pigs that received the po rc i ne 

s t rains o f  s .  sui s type 2 .  However , two ra t s  died immedia t e ly a f t e r  

being i nj ec t ed wi t h  thi s i so l a t e .  One r a t  had a haemopericard i um and 

t h e  o th e r  wa s b e l i ev e d  t o  have d i e d  f r om anaphy l a c t i c  s ho c k .  

S t re p t o c oc cus sui s type 2 were i sola ted f rom the hea r t , b lood and 

l iver of bo th these ra t s .  S t reptococcus s u i s  type 2 was not cul tured 

f rom any of the other mi ce , gui nea pigs and rats inocula t ed wi th  this  

por c i ne s t ra i n .  C l i ni ca l  signs o f  d i sease and dea ths occu rred i n  the 

m i c e  i n f e c t e d wi t h  t h e  human s t rain  of  S .  sui s type 2 .  Signs of  

twi t ching , head bobbing and violent  head movements we re recorded f rom 

s om e  ( 3 1 % )  of t h e  m i c e  i n f e c t e d  by e i t h e r  t h e  i n t r a v e n o u s  o r  
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TABLE 7 . 1 1 

A SUMMARY OF THE FINDINGS IN LABORATORY ANIMALS INOCULATED WITH S .  SUI S  

LABORATORY NUMBER OF NUMBER OF ROUTE 
ANIMAL ANIMALS ORGANI SMS OF 

INOCULATED ADMINISTRATION 

PORCINE S .  SUI S  TYPE 2 

Rabbit s  3 6 X 1 0 7 Intravenous 

Rabbit s  1 6 X 10 7 Intravenous 

Rat s  4 6 X 1 07 Intracardiac 

Guinea pigs 4 6 X 1 07 Intrac ardiac 

Mic e  1 1  1 . 2 X 1 07 I nt ravenous 

PORCINE S .  SUI S  TYPE 1 

Rabbit s  1 6 . 6  X 1 0 7 Int ravenou s 

PORCINE S .  SUI S  TYPES 1 and 2 

Rabbit s  2 6 . 6  X 10 7 

1 . 2 X 1 07 
Int ravenou s 

NUMBER WITH 
CLINICAL DISEASE 

( % )  

3 ( l OO ) 

1 ( l OO ) 

0 ( 0 )  

0 ( 0 )  

0 ( 0 )  

0 ( O )  

1 ( 50 )  

NUMBER 
OF DEATHS 

( % )  

2 ( 6 7 )  

0 ( 0 )  

2 * ( 50 )  

0 ( O )  

0 ( 0 )  

0 ( 0 )  

0 ( O )  

NUMBER WITH 
POSITIVE 

CULTURES ( % )  

3 ( l OO ) 

0 ( 0 )  

2* ( 50 )  

0 ( O )  

0 ( 0 )  

0 ( 0 )  

0 ( 0 )  

( CONTINUED ) 



TABLE 7 . 1 1 ( CONTINUED)  

LABORATORY NUMBER OF NUMBER OF ROUTE NUMBER WITH NUMBER NUMBER WITH 
ANIMAL ANIMALS ORGANI SMS OF CLINICAL DISEASE OF DEATHS POSITIVE 

INOCULATED ADMIN I STRATION ( % )  ( % )  CULTURES ( % )  

HUMAN S .  SUI S  TYPE 2 

Rabbit s  3 2 3  X 1 0 7 Intravenous 3 ( l OO ) 2 ( 6 7 )  3 ( l OO ) 

Rat s  4 2 3  X 1 07 Intrac ardiac 1 ( 2 5 )  2 * ( 50 )  2 * ( 50 )  

Mic e  9 2 3  X 1 0 7 Int ravenous 4 ( 44 )  1 ( 1 1 )  8 ( 89 )  

Mic e  1 4  4 . 6  X 1 0
7 Intravenous 3 ( 2 1 )  0 ( 0 )  7 ( 50 )  

Mice  1 0  7 . 2  X 1 06 Int ravenous 1 ( 1 0 )  0 ( 0 )  4 ( 40 )  

Mic e  1 0  1 . 8 x 1 04 Intravenou s 0 ( 0 )  0 ( 0 )  2 ( 2 0 )  

Mic e  1 0  4 5  Int ravenous 0 ( 0 )  0 ( 0 )  0 ( O ) 

Mic e  8 2 3  X 1 0 7 Intraperitoneal  6 ( 7 5 )  1 ( 1 2 )  4 ( 50 )  

Mice  10  4 . 6  X 1 0 7 Int raperi toneal 3 ( 30 )  0 ( 0 )  2 ( 2 0 )  

Mic e  7 7 . 2  X 1 06 Int raperit oneal  1 ( 1 0 )  0 ( 0 )  2 ( 20 )  

Mic e  1 4  1 . 8 x 1 04 Intraperi tonea l 0 ( 0 )  0 ( 0 )  0 ( 0 )  

Mice  1 0  45  Intravenous 0 ( 0 )  0 ( O )  0 ( O )  

N 
.p.. 

* - I nc ludes rat s dying f rom inj ec t ion t echnique V> 



i n t r a peri t oneal routes  wi th more than 1 06 organisms.  St re ptococcus 

sui s type 2 was i s o l a t ed f rom ei the r  o r  bo th  the blood o r  bra i n  o f  1 5  

of  the 1 8  mice wi t h  c l i ni cal  d i sease and 1 2  of the 84  apparently  

norma l mice . Ei gh t  mice ( two infected wi th  porcine i s o l a t e s  and s i x 

wi t h  human i so l a t e s )  which we re pregnant a t  the time of i nfection  had 

app a ren t ly norma l l i t te rs .  The s e  pregnan t mice  included two which  had 

d ev e l o p e d  c l i n i c a l  s i gns a f t e r  i n t raperi tonea l i nfec t i on wi th  the 

huma n  i s o l a t e .  The o f f s p r i ng of  these mice appeared heal thy and 

dev e loped in a no rma l manne r.  St re ptococcus sui s type 2 could no t be 

cu l tu r e d  f r om any of the o f f s p r i ng .  The r e  wa s no s i g n i f i ca n t  

d i f f e rence be tween the number  o f  mice  d eve loping c l i nical  di sease i n  

the i n t rape ri toneal i nfe c ted g roup and the i n t rave nous i n fected group 

( p  ) 0 . 4 ) .  No hi s topathologi ca l  abnorma l i t i e s  could be de tected i n  the 

brains of the mice exami ned wi th  cl inical s i gns . 

One o f  the ra t s  i nfec t ed wi th the human i sola t e  d i ed wi thin one 

hou r  o f  i nf e c t i o n .  Thi s rat  also  had a haemoper i ca rd ium.  Howeve r  

ano the r ra t devel oped signs o f  le thargy and depre s s i on , and s .  sui s 

type 2 was cul tured f rom a l l  the body o rgans and j o i n t s  exami ned . 

Rabbi ts  

Two of  th e  four  rabb i t s  i nfected wi t h  one dose  of  the po rc i ne 

i s o l a t e  of S .  sui s type 2 we re depres sed , ano rec t i c  and no t d r i nking 

two days a f t e r  i noculation.  One of these rabbi t s  subsequently  d i ed 

three days a f t e r  infection .  Thi s rabb i t  had conges t ed lymph nodes , 

p a r e n c hym a to u s  o rg a n s  and  subcu t a n e o u s  t i s s u e s , a n  e x c e s s  of  

p e r i t on e a l  f lui d  and pe t echia l  haemorrhages on the epicardium and 

myoca rd i um.  The knee j oints  were hype raemic wi th an excess of j oi nt 

f lu i d , howeve r  the o ther j o i n t s  appea red normal . St reptococcus sui s 

type 2 was i s o l a t ed f rom the j oi n t s , and a l l  body organs exami ned . The 

s e cond rabb i t d i ed f o u r  d a y s  af t e r  i nf e c t i o n .  Th i s  r a bbi t had 

c o ng e s t e d  hy p e r a em i c  l ymph  n o d e s  wi t h  e xcess ive peri ca rd i a l  and 

p l eu ra l  f l u i d .  S t reptococcus sui s type 2 was agai n  i so l a ted f rom the 

j oi n t s  and body o rgans . One hi p j o i n t  showed signs of cong e s t i o n  and 

hy pe r aemi a ,  t h e  o t h e r  j o i n t s  a p p e a r e d  n o rma l .  F i v e  d a y s  a f te r  

a r t i f i ci a l  infecti on , the o ther two rabbi t s  that received the po rci ne 

i s o l a t e  w e r e  l am e , d e p r e s s ed a nd no t e a t i ng or  d r i nking.  B lood 

c o l l ec t ed from these rabbi t s  four , f ive and six days af ter i nf e c ti on 
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was negative for s .  sui s  type 2 .  One of thes e  rabbi t s  was subsequent ly 

e u t ha n a s e d  s e v e n  day s a f t e r  i nf e c t i o n .  On au t o p s y , a p u r u l ent 

a r t h r i ti s  was found i n  one s t i f l e  j o i n t , howeve r the res t  of the 

carcass appea red mac roscopically normal .  S t reptococcus sui s ty pe 2 was 

i sola ted  f rom the a f fected s ti f l e  joint . A l l  o the r t i s sues and j o i nt s 

were s te ri le.  The remaining rabbi t was lame for ano ther two weeks , 

however i t s  appe t i t e  returned two days a f t e r  the onse t  of c l i ni ca l  

s igns.  Thi s  rabb i t  subsequent ly was infec t ed wi th a second dose o f  the 

porc i ne i solate of s. sui s type 2 .  

No obvious c l i ni cal  signs were seen i n  the three rabbi t s  t ha t  

we re i ni t i al ly i nfec t ed wi th S .  sui s type 1 .  No gross pa tholog i cal 

abnorma l i t ies or  organisms could  be de t e c t ed when one o f  these rabb i t s  

was euthanased two weeks af ter  infect ion.  The two remaining rabbi t s  

and the rabbi t tha t survived the ini t i a l  infec tion wi th S .  sui s type 2 

w e r e  s u b s e q ue n t l y  i noculated wi th the porcine isolate  of S .  sui s 

type 2 .  One o f  the rabb i t s  tha t received both S .  sui s types 1 and 2 

w a s  lame , d e p re s s e d and had a reduced a ppeti te  a f ter  the second 

i no c ul a t i on.  Thi s  l ameness was obse rved f o r  up to one week a f t e r  

infect i on .  The o the r two rabb i t s  rema i ned apparen t ly norma l .  N o  g ros s 

pa t hological abnormal i t i e s  we re detect e d  when the three rabbi t s  we re 

autops i ed two weeks a f ter the second inocula tion .  No s. sui s  types 1 

and 2 we re i so la t ed f rom any o f  these rabbi t s .  

A f t e r  i n t ravenous infec t ion wi t h  the human i solate  of s .  sui s 

t y p e  2 ,  al l  four rabbit s deve loped c l i ni c a l  signs . Three o f  these 

r a b b i t s  d i e d  one , two and four days a f t e r  i nfect i on. Al l rabbi ts 

s howed e x t e n s i v e  s ubcu t a neous haemorrhag es and conges tion  o f  the 

pa renchyma tous organs . St rept ococcus sui s ty pe 2 was cul tured f rom a l l  

t h e  organs and j oi n t s  sampled i n  these  thre e rabbi t s . Four days a f t e r  

i nfection , t h e  fourth  rabbi t appeared t o  recove r and continued t o  ea t 

and d ri nk normal ly unti l  autopsied.  No gross  pa thological changes or 

s. sui s type 2 cou l d  be detected  i n  thi s rabb i t .  

DI SCUSSION 

Al though the pa thogeni c i ty of s. sui s types 1 and 2 f o r  pigs  has 

b e e n  w i d e l y  r e p o r t e d , t h e r e  a re o n l y  a f e w  s t ud i e s  on  t h e  

pa t hogeni c i ty o f  t he s e  o rg a n i sms  f o r  laboratory anima l s  and the 
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r e s u l t s a r e  c o nf l i c t i ng .  In this experiment i t  was found tha t a 

porci ne i sola t e  of s .  sui s type 2 was non-pa thogenic f or mice , rat s  

and guinea pigs when adm i ni s tered by the int ravenous rou t e .  Howeve r ,  a 

human i s o l a t e  o f  S .  s u i s t y p e  2 was  p a t ho g e n i c  f o r  m i c e  whe n  

admin i s t e red by either  the int ravenous o r  i n t rape ritonea l route and 

f o r  rats  when adminis t ered by the l n t ravenous route.  Al though m i c e  

infec t ed wi th over 1 07 o rgani sms of this  human i so late had only a 5 %  

. ( 2 / 4 1 ) mort a l i ty ra t e , t h e  morbidi ty ra te  was 3 9 %  ( 1 6 / 4 1 ) .  Affe c t e d  

m i ce had a pe rma ne n t  n e u r o l og i c a l  dy s f un c t i o n unt i l  they  w e re 

eu thanased . I n  mice  i n fected  wi th the human s t ra i n , the re appeared t o  

be a dose response f o r  the devel opmen t of  c l i ni c a l  s i gns . Al l mice  

tha t deve l oped c l i ni c a l  d i sease we re inocul a t ed with  more than 1 06 

o rg a n i sm s . Inocul a t i on wi th  s .  sui s type 2 and the deve l o pment of 

c li n i cal  signs in p regnant mi ce , had no ef fect  on the survival of  

t hei r subsequent l i t t e r .  Thi s would i ndi ca t e  tha t the re was probably 

nei t her t ransplacental  nor t ransmammary spread of  i nfec t ion of s. sui s 

type 2 .  

No i n f l amma t o ry r e s p o n s e  c o u l d  be d e t e c t ed i n  h i s t o log i ca l  

se c t i ons o f  the bra i ns o f  mice wi th nervous s i gns . Thi s may i ndi c a t e  

t ha t , f o r  m i c e , t h e  o rgani sm  ca u s e s  a s p e c i f i c  l e s i on i n  o n e  

par t icular reg i on o f  the b rain , ra the r than gene ral i z ed pa thol ogi ca l  

changes . The h i s to logical  sect i ons observed i n  the present s tudy , may 

no t have inc luded these s peci f j c  areas and hence the bra i n  appeared 

norma l .  In humans , i t  has been proposed that S. suis  type 2 produces  a 

neurotoxin tha t act s specifical ly agains t  the e ighth c rani al  ne rv e  

( Chau e t  a l , 1 983 ) .  In the present experiment , i f  damage wa s caused by 

a s pec i f i c  neurotox i n ,  then a genera l i zed i nf l amma tory response wou l d  

no t b e  expec ted  i n  the brains of  the m i c e .  S everal mice d i d  show s igns 

of c i r c l i ng and u p s e t  ba lance whi ch may suppo rt thi s  hy po the s i s ,  

howeve r i t  i s  equa l ly possible  tha t middle ear  damage coul d also  cause 

these s igns . 

Both  po rcine and human i so lates  of s .  sui s  type 2 were pa thogeni c 

f o r  r a bb i t s  when a d m i n i ste red by the i n t ravenous rou t e .  Howeve r ,  

rabbi t s  that were i nfe c te d  with  s .  sui s type 1 d jd  no t develop  any 

o bv i o u s  c l i ni ca l  s i g n s . All  rabbi t s  i nf e c t ed wi th s. sui s type 2 

developed c l i ni ca l  s i gns of d i s ease.  The porcine i so l a t e  produced a 

5 0 %  ( 2 / 4 )  mo rtali ty ra t e  whi l s t  the mor t al i ty ra te f o r  the human 

i s olate  was 7 5% { 3 /4 ) . On autopsy of i nf e c t ed rabbi. t s ,  there was a 
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"se p ticaemia" wi th wide s p read d i ssemina tion o f  s .  sui s type 2 through 

the carcas s .  I t  appears tha t s .  sui s type 1 ,  a t  t he dose ra t e  used and 

via  t he in t ravenous route , was non-pa thogeni c for rabbi t s .  However ,  i t  

d i d  a p pear to  e l i c i t  s ome response protect i ng the rabbi t s  agains t 

subsequent infec ti on wi t h  S .  sui s type 2 .  No dea ths and only a SO% 

( l / 2 ) morb i d i ty ra te - were reco rded in rabb i t s  i ni t i a l ly i noculated  

wi t h  S .  sui s type 1 f o l lowed by inocula tion wi t h  s .  sui s type 2 .  One 

rabb i t tha t surv ived the i ni tial  i nfecti on wi th the porcine i solate  o f  

s .  sui s type 2 ,  a l so d emons t ra ted some prot e c t i on aga i nst  subsequent 

rei n fec�i on wi th  thi s type.  However  wi th the sma l l  number of rabbi t s  

u s e d  in  t he se  experiment s , such apparent d i f f e rences mus t be t re a t ed 

wi t h  caut ion.  

Group E s t reptococci f rom pigs we re also believed to  be non­

pa t hogenic for  labora t ory animals  ( Cof fey , 1 942 ; Deibe l et al , 1 964 ) .  

However Cut l i p  and Shuman ( 1 9 7 1 )  demons t ra t ed tha t  a f t e r  int ravenous 

i n o c u l a t i o n , r a b b i t s s howed s i g n s  of l e t ha rgy , a n o r e x i a  a n d  

o s teoarthr i t i s .  Simi l a r  s igns we re seen in the rabbits  tha t survived 

the infec t i on wi th S. suis type 2 ,  howeve r  the maj o r i ty of rabbi t s  

showed obvious signs o f  c l i ni cal d i sease. Mogabgab and Thomas ( 1 9 S 2 )  

r e p o r t ed t h a t  less than 1 0% o f  rabb i t s  d i ed a f ter an i nt ravenous 

i noculation wi t h  mass ive doses of group A s t re p tococc i . They proposed 

t ha t a m e c han i s m  e x i s t e d  i n  the  norm a l  r a bb i t f o r  remov a l  o f  

s t r e p tococci f rom the bl oodst ream. This mechani sm was found t o  be  

i n c a p a c i  t a  ted i n  rabbi t s  t rea ted wi t h  c o r t i s one and the se rabb i t s  

s u b s equen t ly succumbed to  s t re ptococcal infec t i ons . I n  the present 

e x p e r i m e n t  rabbi t s  a p p e a re d  highly susce p t i b l e  to infection wi th  

s .  s u i s  type 2 ,  wi th a morbidi ty ra te of 1 00 %  and a mortal i ty ra t e  of  

grea ter  than SO%.  Howeve r  they appea red re s i s tant  to  infect ion wi t h  

s .  sui s type 1 .  

An organism , bi ochem i c a l ly ident i cal t o  s .  suis type 2 ,  had a l s o  

been  i sola ted f rom a n  e i gh t  week old  lamb tha t  d i ed suddenly and had 

b e e n  submi t t e d  to the D e pa rtment of Ve t e r i nary Pa tho logy , Mas s ey 

Univers i ty .  On autopsy , thi s lamb was found t o  have a s evere va lvular  

endocard i t i s  and s t re p t ococci were i solated i n  pure cul ture from the 

hea r t  valve , l ive r and k idney . A Lance f i e l d  ext rac t , prepa red f rom 

this organi sm , did not preci p i t a t e  g roup R a n t i serum .  Howeve r thi s 

organism cou l d  have be l onge d  t o  one of the biochemica l ly simi lar , y e t  

se r ological ly d i f fe rent , S .  sui s a s  descri bed b y  Pe rch et  al ( 1 98 3 ) . 
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Thi s  l amb was b e l i eved to  have had no contact wi th  pigs and g razed 

m o r e  t han o n e  km f r o m  a p i ggery . The f i nding of  a s .  sui s l ike 

organi sm in a l amb , the i so l a t i on of s. sui s type 2 f rom a racc oon dog 

(Keym e r  et a l , 1 98 3 )  and t he resul t s  repor t ed he re woul d  i ndi cate  tha t  

u nd e r  c e r t a i n  c i r c um s t a n c e s , S .  s u :f. s  may we l l  be pa thogeni c for  

anima l s  o ther than pigs . 

I n  the present i nv e s t i g a t i on ,  the variab l e  responses found a f t e r  

a r t i f i c i a l  i n f e c t i o n  o f  l ab o ra t o ry ani mal s ,  may i ndicate  gene t i c  

d i f f e re nces i n  the susce p t i bi l ity o f  vari ous species and s t rains of 

l abora t ory animal s  to s t reptococca l i n fec t i ons or differences in the 

pa thogeni ci ty of  i solates  of s. sui s .  As the m.1 ce  and rats  l nf e c t ed 

w i t h  the human and po rci ne s t rains of s. sui s type 2 were of simi l a r  

gene t i c  l i ne , i t  i s  unl ike ly tha t  the d i f ferences seen a f t e r  infe c t i on 

were of gene t i c  origin.  Wi th  the mi ce and rats , the d i. f f e rences i n  the 

d eve l opmen t of  c l i ni c a l  d i se as e  for the two i sola tes of s. sui s type 2 

i s  b e s t  exp l a i ne d  by d i f fe rences i n  pa thogenici ty . R abbi ts  would  

appe a r  t o  be susceptib l e  to infec t i on by  both  i so la t e s .  

CONCLUS IONS 

1 .  D i f f e r e n t  s t r a i n s  o f  S .  s u i s  t y p e  2 ex i s t  w i t h  d i f f e r i ng 

pathogenici t i es for labo ra to ry ani ma l s .  An i s o l a t e  from a human caused 
d i se a s e  in mice , rat s  and rabb i t s  whi s t  porci ne i solates  only produced 

d i sease in rabbi t s .  

2 .  S t re p t o c o c cu s  su i s  ty pe 2 a p pea red t o  b e  more pa thogeni c fo r 

rabb i t s  than for mice , rat s  and guinea pi gs . 

3 .  I n i t i a l  i n f e c t ion wi th  S .  sui s types 1 or  2 may prov i de some 

pro t e c ti on for rabb i t s  aga ins t a subsequen t i nocula t i on wi th s .  sui s 

type 2 .  

4 .  S t reptococcus suis type 1 appea rs t o  be less  pa thogenic for rabbi t s  

t ha n  s .  sui s  type 2 .  
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CHAPTER VI  J I  

PUBLIC HEALTH ASPECTS O F  STREPTOCOCCUS SUI S  TYPE 2 

INTRODUCTJO� 

Human i nfe c ti on wi t h  group R s t rept ococci ( S . sui s type 2 )  was 

f i r s t repo r t e d  in 1 968 , when three cases of mening i t i s  wi th concurrent 

s e p t i c a e m i a  w e r e  d i a g n o s e d  i n  D e nma rk ( P e rch e t  a l ,  1 9 6 8 ) .  

S u b s e q u e n t l y  c a s e s  h av e  also  been reported f rom Hol land , France , 

Eng l a nd , Wales , Hong Kong , Canada and New Z ea land ( Ance lle e t  a l ,  

1 9 7 7 ;  P a u l  e t  a l , 1 97 7 ;  Anon , 1 9 78b ;  Joynson , 1 98 0 ;  Anon , 1 982b ;  

San fo rd and T i lke r , 1 98 2 ;  Chau e t  a l ,  1 983 ; Zanen , 1 98 3 ;  D i cki e et  a l ,  

1 9 8 7 ) .  A l t hough S .  s u i s  t y p e  2 i s  e n d emi c i n  m o s t  p i g  r e a r ing 

count r ies  i ncluding Aus t ra l i a  and New Z ealand , the d i sease i n  humans 

has no t been reported f rom many countri e s .  In thi s chapter  a s umma ry 

w i l l  i n i t i a l ly b e  g iven of the f i ndings of  o ther wo rke rs on the 

i n f e c t ion of humans w i t h  s .  suis  type 2. Thi s  wi l l  be f o llowed by the 

resul t s  of a cross sec t i onal s e ro logical  survey looking for an t ibodi e s  

a g a i n s t  S .  s u i s t y p e  2 i n  d i f f e re n t  o c c u p a t i ona l g r o ups  a n d  a 

d i s cussion of the pub l i c  hea l th i mplications of these find i ngs . 

S t reptococcus sui s type 2 i s  a ra re zoono t i c  agent  wi th l e s s  than 

l OO cases repor t ed in the l i t e rat ure ( Robert son , 1 986) . Cons table and 

Harring t on ( 1 9 82 ) and Wa l t on ( 1 983 ) reported a morbi. d i ty ra te  of 9 

cases  per 1 00 , 000 years of v e t e rinary wo rk. Thi s  is  one of the lowe s t  

rat e s  f o r  any zoonos i s  t o  whi ch veterina r i ans a re exposed . Even though 

s. sui s types 1 and 2 produce a s i mi lar synd rome i n  pigs , there have 

been no repo r ted case s  of infect i on of humans wi th  s. sui s type 1 

( Anon , 1 9 78a ; Clemen t s  e t  al , 1 982 ) .  

H i s t o r i ca l ly , s t r e p t o co c c a l  m e n i ng i t i s  i n  ad u l t s  h a s  b e e n  

c on s i d e r e d  unc ommon ( Le r ne r , 1 9 7 5 ) .  Howev e r ,  Chau e t  al  ( 1 98 3 )  

r e c o g n i z e d  t ha t  S .  s u i s  t y p e  2 was  t he m o s t  f r e q u e n t  c a use  of 

bacterial  mening i t i s  in adu l t s  i n  Hong Kong . As group R s t reptococca l 

a n t i serum i s  no t used rout i ne ly in med i cal labora t ori es , i t  has been 

sugges ted that the d isease  may be under diagnosed. The bac t erium could 

be m i s t a k e n  f o r  S .  v i r i d a n s , S.  pn e u m o n i  a e ,  e n t e rococc i or  even 

2 5 1  



L i s t e r i a  mono cy t og e n e s  ( Av r i l  e t  a l , 1 9 7 7 ;  C ha t t o padhyay , 1 9 7 9 ;  

Joyns on , 1 980 ; Chau e t  al , 1 98 3 ) .  

I n f e c t i o n o f  h u m a n s  w i t h  

m e n i ng i t i c / s e p t i ca em i c  c o nd i t i on 

S .  s u i s  t y p e  2 r e s u l t s  i n  a 

s i m i l a r  t o  t ha t  i n  p i g s . The 

mening i t is is usually accompani ed by permanent ve s ti bular and audi tory 

d y s f u n c t i on ( Z ane n  and Enge l ,  1 9 7 5 ) .  Ea r ly loss of  hearing i s  a 

p romi nent fea ture of the d i sease and i s  believed to be caused by the 

product i on of a specific ototoxi n ( Chau e t  al , 1 983 ) .  Cha t t opadhyay 

( 1 9 7 9 )  proposed tha t  S. sui s type 2 had a spec ial affini ty for the 

meninges  and especially t he cochlea r d i vi s ion of the ei ghth crani al  

ne rve . O ther compli ca tions of  infec t i on of humans wi th s.  suis type 2 

hav e  i n c luded arthri t i s  ( H i ckling and Cormack , 1 9 7 6 ;  Cheng e t  a l ,  

1 98 7 ) ,  uvei t i s  and endoph thalmi t i s  ( Agass  e t  al , 1 9 7 7 ; McLendon e t  al , 

1 9 7 8 ) .  A l t h o u gh  the maj o r  c l i n i c a l  s i gns  a r e m e n i n g i t i s  and 

s e p t i c aem i a , s e p t i caem i a  w i t hout me n i ng i t i s  ha s been r e c o rd e d  

( Kl oppenburg e t  al , 1 9 7 7 ;  Di cki e e t  al , 1 98 7 ) .  

The maj o ri ty of repo rted cases of infec t i on wi th S .  suis type 2 

i n  humans have i nv o l v e d  a d u l t s  who hand l e d  p i g s or the i r  mea t 

p r oduc t s .  Thi s  i nc luded but che rs , meat i nspec tors , pig farme rs and 

aba t t o i r  worke rs ( Perch and Kj ems , 1 9 7 1 ; Koldkj aer  and Nielsen , 1 9 7 2 ;  

C l ement s  and Hami lton ,  1 98 1 ; Twort ,  1 98 1 ; Zanen , 1 983) . Peel e t  al  

( 1 97 9 )  repor ted d i sease i n  a veterj narian who had deal t wi th outbreaks 

of  s t reptococcal meningi t i s  in pig herd s .  Seve ra l cases have also been 

repo r t ed whe re the re was no hi story of d i rect  contact wi th l ive pigs , 

i n c lud ing one woman who f requently eat raw po rk ba lls  ( Cha t t opadhyay , 

1 9 7 9 ) .  

R e po r t e d c a s e s  have p r ov i d ed s t rong evi dence to ind icate a 

pe rcut aneous route of i nfe c t i on. Inj urie s , minor cuts and abras i ons 

have f reque n t ly been recorded two to three day s prior to the onset  of 

c l i ni c a l  s igns (Zanen and Engel , 1 9 7 5 ;  Chau et al , 1 983 ) .  Kloppenburg 

e t  al  ( 1 9 7 5 )  reported t ha t  a female ass i s tant butcher subsequen t ly 

d eve loped d is ease after  i nj u r i ng herself with a po rk chop bone . 

Breton e t  al  ( 1 98 6 )  i nves tiga t ed the contamina t i on of  hands and 

k n i v e s  o f  a ba t t o i r worke rs wi th  S .  sui s .  They reported that mos t  

i s o l a t e s  o f  s .  sui s w e r e  f r om t h e  pe o p l e  wo r k i ng i n  t he lung 

evi s cera t i on area . Although many i s olates of  s .  sui s that could not  be  
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typed we re detected , only two i solates of  S .  sui s type 2 were found . 

One o f  t hese i solates  came f rom an evi scerators kni fe and the othe r 

f ro m  a butchers knife i n  the "cut-up room" . The i s olate f rom the 

butchers kni f e  i ndica ted tha t  S .  sui s type 2 was capable of surviving 

i n  c h i l l ed m ea t .  The wo rke rs found tha t  the re was a seven t imes 

greater  chance of  detecting S. suis on an evi s cerators kni fe than on a 

but che rs knif e .  Simi larly , the l ikel ihood of i s o la t i ng s. suis from an 

evi s ce ra t ors hand was four t imes grea ter than f rom a butchers hand . On 

t h e  ba s i s  o f  t h e s e  f i nd i ngs , they suggested tha t some groups of 

aba t t o i r worke rs are more at r i sk f rom infec t i on by s. sui s type 2 

than o thers . 

A l t hough only a few affec t ed people have died ( Pe rch et  al , 1 9 68 ; 

Z anen and Engel ,  1 9 7 5 ) , the permanen t hearing loss  and problems of 

ba lance are seri ous seque lae of i nfect ion with s. sui s type 2.  As mos t  

s t ra i n s a r e  s u s c e p t i b l e  t o  peni c i l li n , this an t i bi o t i c  has been 

recommended for treatment of  human cases . Howeve r ,  Shneerson et  al 

( 1 98 0 )  repor t ed one i so l a te of  S .  sui s type 2 tha t  was resi s tant to  

penic i l l i n  and  Clement s  e t  a l  ( 1 982 ) found some i s olates  res i s tant to  

su lphonamides . Even wi th  t re atment early i n  the course of di sease , the 

v e s t i b u l a r  and audito ry dys func t i on i s  f requent ly permanent ( Chau 

e t  al , 1 983 ) .  

Chau e t  a l  ( 1 98 3)  recorded a peak incidence of human cases i n  the 

s umme r mon t hs i n  Hong Kong . They p ro p o s e d  tha t the popula t i ons 

prefe rence for f resh pork , t he large numbe rs of  pigs imported i nto  the 

coun try and the ho t , hum i d  summers al lowed for e i ther the ra pi d spread 

of S .  sui s type 2 be tween p igs or the mul t iplica tion of the bac terium 

w i t hi n pig meat and v i sce ra . 

Although Heard ( 1 98 4 )  p roposed tha t S .  sui s type 2 could pos s i bly 

s u rv ive i n  t he nasal t ra c t  of man , the tons i l s  of thi r ty-four wo rke rs 

who handled pigs and the i r  mea t and byproduct s a t  a s laughter house , 

we re a l l  negat ive for the bacterium ( A rends  e t  al , 1 984 ) .  I t  would 

appear tha t  the maj or r i sk ,  a l though smal l ,  i s  f rom contact wi th pigs 

or t he i r  meat product s  ( Cl i f t on-Hadley e t  al , 1 983a ) . The chances of 

cont rac t ing an infe c tion wi th s. sui s type 2 may be fur the r reduced by 

w e a r i ng g l ov e s  wh i l s t  a u t o p s y i n g  d e a d  p i g s , c ov e r i ng c u t s and 

abrasi ons and by washing wi th  soap and wa ter af ter hand l i ng s i ck pi gs 

( Anon , 1 980 ; C l i fton-Had ley , 1 982 ) .  
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MATERIALS AND METHODS 

El i s  a 

The ELI S A  desc ribed ear l i e r  in Chapter  T I T  was used to detect  the 

p r esence of  antibodies to S. suis  type 2 .  An ant igen d i lution of 1 /3 2  

a n d  a conj u g a t e  d i l u t i on of  1 /2000 were used wi th  four doub l i ng 

d i lut i ons o f  se ra f rom 1 /50  to  1 /400 . 

Sera 

The se ra tes ted i n  this trial was obta i ned f rom f roz en stocks 

u sed  by Blackmore and Schollum ( 1 982a , b ,  c) to s tudy the serolog i ca l  

r esponse o f  occupati onal exposure t o  leptospi rosi s .  Sera was used from 

7 0  p i g  f a rm e r s , 9 6  d a i ry f a rm e r s , 1 0 7  m e a t i n s pe c t o r s  and  1 6  

v e t e r i nary s tuden t s .  The s ex , age and dura t ion of occupa tional contact  

wi·t h  p i gs were ava i lable f o r  all  g roup s .  Add i t i onal informa t i on was 

ava ilable for pig farme rs on the ty pe and s i ze of piggery , whe ther  or 

no t pigs  were  ki lled at home and if pi gs we re i n t roduced f rom o ther 

f a rms . Informa t ion was also  avai lable for dai ry farme rs on the number 

o f  p i g s  ke p t  and if pigs were ki lled on the f arm , and for mea t  

i nspectors o n  contact wi t h  pigs out side working hours , including the 

hun t i ng of fe ra l  pigs.  

De t e rmination of antibody t i t re 

The a n t i body ti t re of  each sera was calculated by the me thod 

d e s c r i bed f o r pig sera in Chapter V.  The cut-off poi nt  between a 

pos i t ive and nega tive t i t re wa s determined by s tudy ing the pa t t ern of  

t i t re s  i n  s e ra collected  f rom people wi th no exposure to  p i gs and 

there f o re presumed to have l i t tle  or no contact wi th S. sui s type 2 .  

A s  a l l  sera o f  these people had t i t res below 1 /400 , thi s antibody 

l ev e l  was used as the cut-off point for fur the r s tud i es . 
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R ESULTS 

F i gu r e  8 . 1 i s  a h i s t og r am of t h e pe r c e n t a g e  of s e ra wi th 

d i f fe re n t  t i t re s  for  each of  the four occupa t i onal g roup s .  Mos t t i t res 

were be low the 1 /400 lev e l  selected as the cut-of f value.  Five meat 

i n s pect ors and one dairy f a rme r had t i t res grea ter than 1 / 1000 whi l s t  

n o  p i g  farme r s  or ve terina ry s t uden ts  had t i t re s  as high as thi s .  The 

m e a t  i ns pect ors wi th  the se high t i t res a l l  had occupa tional contact 
I 

w i t h  pigs or the.i r product s  and the dai ry farmer kept pigs on his  

f a rm .  

I n  Ta b l e  8 . 1  t h e  numbe r and p ropo r t i on o f  p e o p l e  i n  each 

occupa t i onal g roup wi th pos i t ive t i t res i s  recorded . Wi th pig  fa rme rs 

2 1 . 4% had t i t res grea ter than 1 /400 , as d i d  9 . 3% of da i ry farme rs and 

1 0 . 3% of mea t i nspectors . No veterinary s tuden t s  had pos i tive t i t res 

and none had a h is tory of  con tact  with  pigs.  There was a signi f .i cant 

d i f fe rence ( p  < 0 . 0 5 )  be tween the numbe r of  people posi t ive to  s. sui s 

type 2 i n  the d i ffe rent occupa t i onal group s .  

Table 8 . 2  records the number o f  people wi th  pos i t ive or nega t ive 

t i t res t o  s.  sui s type 2 and thei r exposure t o  certa i n  var i abl e s .  For 

p e o p l e  l iv i ng on pig f a rms , t h e re was a s i gni f i cant corre la tion 

b etween a pos i t ive t i t re and contact with  pigs ( p  < 0 . 05 ) .  The re was 

n o  s i g n i f i c a n t  d i f f e rence ( p  > 0 . 0 5 )  be tween the t i t res of da i ry 

f a rmers wi t h  pigs and those wi thout pigs , and for mea t i nspectors  wi th 

p i g  c o n t a c t and tho s e  w i thout pi g cont ac t .  Howeve r the re was an 

obv i ous trend towards mo re pos i t ive t i t re s  i n  the groups wi th pi gs or  

t hose  w i th pig  contact  compared wi th those wi thou t .  Simi larly there 

was no signi f i cant diffe re nce be tween the t i t res of pig farmers who 

k i lled  pigs and those who d i d  not ki ll pigs , although the re we re more 

po s i t ive t i t re s  in the forme r group. The period a person had been 

e i the r a pig or dai ry f a rmer had no re lat i onshi p to a pos i t ive t i t re 

t o  s .  s u i s type  2 .  S i m i l a r ly there was no appa rent pa t t ern or a 

s i g ni f i cant d i f ference be tween the number  of pos i t ive and nega tive 

t i t res for t he following g roups : pig  farmers w.i th e i ther more or less 

t han 400 pig s ;  pig farmers who ei ther purchased or  d i d  no t purchase 

weane r pigs ; pig farmer s  who farmed pigs i ntens ively or those that  

f a rmed pigs extensively ; and  d a i ry farmers and mea t i nspec tors who did  

or  d id no t have contac t wi th fera l  pig s .  
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FIGURE 8 . 1  

THE RANGE OF TITRES TO S .  SUI S  TYPE 2 IN DIFFERENT OCCUPATIONAL GROUPS 

CUT-OFF TITRE 

0- 1 00 1 0 1 -200  
REC IPROCAL OF TITRE 

� Veterinary Student s o Dairy Farmers 

� Meat  I nspectors  

D Pig  Farmers  

N 
Ut 
0\ 



OCCUPAT ION 

Veterinary 
Student s 

Dairy 
Farmer s  

Meat  
I nspec tors 

Pig 
Farmer s  

TABLE 8 . 1  

PREVALENCE OF POSITIVE T ITRES TO S .  SUI S  TYPE 2 
IN DIFFERENT OCCUPATIONAL GROUP S  

NUMBER 
POSITIVE 

0 
( 0% )  

9 
( 9 . 3% )  

1 1  
( 1 0 . 3 % ) 

1 5  
( 2 1 . 4% )  

NUMBER 
NEGATIVE 

1 6  
( lOO% ) 

8 7  
( 90 . 7 % )  

96 
( 89 . 7% )  

55  
( 78 . 6 % )  

TOTAL 
NUMBER 
TESTED 

1 6  

96 

1 0 7  

7 0  
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TABLE 8 . 2  

THE RELATIONSHIP BETWEEN POTENTIAL RI SK FACTORS 
AND TITRES TO S . SUIS  TYPE 2 

VARIABLE 

Res ident s on Pig 
Farms with Pig 
Contact  

Resident s on  Pig  
Farms without 
Pig Contact 

Dairy Farmers 
with Pigs 

Dairy Farmers 
without pigs 

Meat  I nspectors  
with pig cont act 

Meat  Inspec tors  
without pig contact 

Pig Farmers 
ki l l  pigs 

Pig Farmers 
d on ' t kil l  pigs 

NUMBER 
POS ITIVE 

1 5  
( 2 1 . 4% )  

0 

7 
( 1 4 % )  

2 *  
( 4% )  

9 
( 1 5 % )  

2 
( 4% )  

4 
( 2 7 % )  

8 
( 1 5 % )  

* - low titres  o f  406  and 4 1 7 

NUMBER 
NEGATIVE 

42  

13  

43  

44 

52  

44  

l l  

47 

PROBABIL ITY 
ON CHI 

SQUARE TEST 

p <. 0 . 05 

p � 0 . 1 

p > 0 . 0 5 

p > 0 . 2  

( CONTINUED)  
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VARIABLE 

Period of Pig 
Farming ( year s ) 

0 - 5 

6 - 1 0  

1 1  

Period of  Meat 
Inspec t ion ( year s ) 

0 - 5 

6 - 1 0  

1 1  

TABLE 8 . 2  ( CONTINUED) 

NUMBER 
POSITIVE 

6 
( 1 9% ) 

3 
( 2 1 % )  

6 
( 2 4 % )  

6 
( 1 0% ) 

2 
( 7% )  

3 
( 1 5 % ) 

NUMBER 
NEGAT IVE 

2 5  

1 1  

1 9  

5 1  

2 8  

1 7  

11 - Highly non- signific ant 

PROBABILITY 
ON CHI 

SQUARE TEST 

p ) 0 . 9 /1 

p )' 0 . 6 /1 
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I n  Ta b l e  8 .  3 t he numb e r  o f  people wi th pos it ive t i t res for  

d i f f e r e n t  a g e  groups  is  r e c o r d ed . The re were  no  s i gn i f i c a n t  

d i f ferences or apparent t rend s  between the different age groups and 

the numbe r of pos i tive t i t re s  ( p  ) 0 . 2 5  f o r  pig farme rs , p ) 0 . 6 f o r  

d a i ry farmers and p ) 0 . 8  for  meat inspec tor s ) . 

DISCUSSION 

A t i t re of 1 / 400 was used as a cut-of f  for d i s t i ngui shing between 

pos i t ive and negat ive sera.  Thi s t i t re was s l ightly g reater  than the 

h i gh e s t v a l u e  r e c o rd e d  f r om t h e  g r ou p  wi t hout exposure to pigs 

( 1 /308 ) .  Thi s  cut-o f f  point  appea red t o  be s uff i c i en t ly speci f i c  as 

people who l ived on pig farms and yet had no contact  with  the pi gs 

also  had t i t res lowe r than thi s .  The re was a signi f i cant d i f f e rence 

between the ti t re s  for the four occupa t ional groups.  Thi s  would appear 

to ar ise  f rom the d i f ferent degree of contact  wi th  p i gs  and hence 

likely recent exposure to s. sui s  type 2 ,  as pig f a rmers had mo re 

p o s i t iv e  t i t res than any other occupa t i onal group.  A l t hough d a i ry 

farmer s  who owned pigs had a grea t e r  probabi l i ty o f  hav i ng posi t ive 

t i t res to  s. sui s type 2 ,  i t  wa s not signi f icant at the 0 . 0 5  leve l .  

Mackintosh e t  al  ( 1 982 ) found a signi f i cant as soci a t i on be tween ti t re s  

t o  L e p t o s p i ra i nterrogans se rovar pomona in  dai ry f a rme rs and the 

keeping of pigs.  In the present s t udy , if mo re sera f rom dairy farmers 

had been exami ned , i t  is poss ible  that  s i mi lar  signi f i cant  d i f f e rences 

w o u l d  have been demons tra t e d .  The two dai ry farme rs who d i d  have 

t i t res and ye t  d i d  no t kee p  p i gs , had low t i t res of only 1 /406 and 

1 /4 1 7 , values tha t were j us t  above the cut-off  po int . Thi s  may sugges t  

tha t the "cut-o f f "  va lue was t oo low. However increasi ng thi s value , 

a l t h o u g h  i n c r e a s i ng the  s p e c i f i c i t y ,  would  have r e d u c e d  t h e  

sens i t ivi ty of  the tes t .  I t  i s  be lieved tha t  the se two cases could 

we l l  have been false pos i t ive s .  

Mos t  cases o f  clinical d isease have been report ed i n  meat workers 

f o llowed by pig farme rs  ( Cha t t opadhyay , 1 9 7 9 ) , howeve r  i n  thi s s tudy 

pig f armers had a greater  propo r t i on of po si t ive t i t re s  than did meat 

inspect o r s .  Al though mea t i nspec t ors  did record some of the highe s t  

t i t re s  to s .  sui s type 2 .  A s  mea t .i nspectors rout i ne ly i ncise lymph 

nodes includ.ing those d raining the tonsi ls , they would occasi onal ly 
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OCCUPATION 

PIG 
FARMERS 

DAIRY 
FARMERS 

MEAT 
INSPECTORS 

TITRES 

Positive 

Negative 

Positive 

Negat ive 

Positive 

Negat ive 

TABLE 8 . 3  

THE NUMBER OF POSITIVE TITRES TO S . SU I S  TYPE 2 
IN DIFFERENT AGE AND OCCUPATIONAL GROUPS 

< 20 

2 
( 2 5 % )  

6 

0 

5 

1 
( 5% )  

1 9  

2 0-2 9  

0 

4 

3 
( 1 4 % )  

1 9  

7 
( 1 2 % )  

5 3  

AGE 
30- 3 9  

8 
( 2 7% )  

2 2  

4 
( 1 6 % )  

2 1  

3 
( 1 4 % )  

1 9  

in YEARS 
40-4 9  

3 
( 2 5 % )  

9 

1 
( 5% )  

2 1  

0 

4 

No significant difference in age preva lence p ) 0 . 2  

50-59  

0 

1 0  

1 
( 6% )  

1 6  

0 

1 

')60 

2 
( 50 % )  

2 

0 

5 



have d i rect contact wi th  s .  sui s  type 2 .  Breton e t  a l  ( 1 98 6 )  found 

t ha t  m e a t  wo rke rs invo lved i n  the evi s ceration of the carcasses , 

includ ing  the removal of  the larynx and lungs , had a signi ficantly 

highe r r i sk of  exposure to  s .  sui s  type 2 than d i d  other aba t t o i r 

workers . In the present i nv e s t i ga t i on ,  pig  farmers who s laugh t e red 

thei r own pigs also had a g rea t e r  percentage of pos i t i ve t i t res  than 

farmer s  who d i d  not s laught e r  pigs , howeve r  thi s wa s not s t a t i s t i ca l ly 

s i g n i f i c an t  ( p > 0 . 2 ) .  I n  the presen t i nves t i ga t i on ,  there was a 

s t rong correla tion be tween pos i t ive t i t res and con t a c t  wi th pi g s .  Thi s  

wou ld  support  the hy po thes i s  tha t whe n infec tion o f  humans occur s , i t  

orig ina t e s  from pigs . The appa rent lack of any other maintenance ho s t  

f o r  s .  suis type 2 would a l s o  support  thi s hypo thesi s .  On ly a few 

case s  of c linical di sease in humans have been repo rted  where no d i rect 

occupa t i onal contact  wi th pi gs  o r  the i r  product s could be i den t i fied 

( Cha t topadhyay , 1 9 7 9 ) .  Howeve r ,  as one of these i nvolved a woman who 

f requen t ly eat  raw pig mea t , i t  would appear that hand ling pig meat in 

the home may also be a relevan t yet  rare risk fac t o r .  

Purchasing weaners , the type o f  pi ggery and t h e  s i ze of  the he rd 

had n o  e f f e c t  on  the prevalence of ti t re s  in  pig farme r s .  The se 

resu l t s  c ont ras t wi th those of  Schollum and B lackmore ( 1 98 2 )  who found 

a s i gni f i cant associa t i on be tween the presence of a leptospiral t i t re 

and the s ize o f  herd and type o f  pigge ry . Al though the endemi c l evel 

of i nfect i on wi th leptospi res i n  pigs is  also hi gh ( Ho and B lackmo re , 

1 9 7 9 ) , i t  would appear tha t the spread of infec t i on of  leptospi ros i s  

t o  humans i s  d i f ferent t o  tha t wi th S .  sui s type 2 .  Leptospi res are 

s h e d  i n  the urine and the refore the re a re gre a t e r  chances of  pig 

farmers coming i n  con tact wi th  ur ine in intensive and large pig herd s .  

S t re p toco ccus sui s type 2 appears t o  b e  spread v i a  oral and nasal 

d i s charges .  The refore contact  wi t h  pigs and feed t roughs whe ther i n  an 

in tensive or extensive piggery , or in a large o r  smal l he rd , would 

s t i l l  expose the farmer to this organism. The present findings could 

be an ti c i pated , as i t  appe ars that actua l  contac t wi th pigs is more 

impo rtant than any specif i c  management prac t ice.  Howev e r  if  a pig herd 

i s  very small the probabi l i ty of infec tion would be reduced . Thi s 

c o u l d  a c c ount for the low prevalence of t i t re s  recorded i n  dai ry 

f a rm e r s  and mea t inspectors  whose only contact wi th pigs was the 

hun t i ng of  feral pig s .  These  peo ple would have only a short  con tact 

time wi th  pigs and therefore on ly a very low ri sk of  becomi ng i n fected 

by s .  suis  type 2 .  
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Pig  farmers who had farmed pigs for  d if fe rent lengths of t ime had 

s imi l a r  percentages of pos i t ive t i t re s .  Thi s  pattern was also p resent 

in  the meat inspe c to rs . Thi s  could ind i c a t e  that antibody lev e l s  a re 

maint a i ned for only short  period s .  I f  the dura tion of t i t res was long , 

there should be an i nc rease i n  the propo r ti on of po si tive t i t re s  wi th  

incre ased contac t t ime wi th pigs . As thi s d i d  not  occur , it  mus t be  

a s su med  t h a t  t i t re s  a re of short  dura tion.  The f i nding tha t the 

propor t i on of pos i t ive t i t res d i d  no t increase in differen t age g roups 

wo u l d  a l s o s u p po r t  t h i s  b e l i e f .  Th i s  i s  in sha r p  c o n t r a s t  t o  

lept ospi ra l  t i t res which increase both wi th age and the dura t i on o f  

work ( Mackintosh e t  a l , 1 980 ) . A s  leptospiral  ti t res are e s t imat ed t o  

have a dura tion of  a t  least  t e n  years ( B la ckmore et  a l , 1 9 7 9 ) , the 

p r eva l en c e  wou l d  be expected t o  rise wi th age. Thus i t  would  be 

reas onable  to assume that  t i t res to s.  sui  s type 2 are of sho r t e r  

durat i on than those  t o  leptospi res . 

The present survey prov i des only preva lence data , howeve r  c e r t a i n  

infe rences c a n  be  made about t h e  incidence o f  i nfec tion.  I f  w e  ass ume 

t h a t  i n f e c t i on o f  humans wi t h  S .  su i s  t y p e 2 i s  s t a b l e  i n  a n  

ecolog i ca l  sense ( cons t ant endemic leve l ) , the prevalence wi l l  equal 

t he p ro d u c t  o f  t h e  i nc i d en c e  and  t h e  d u r a t i o n of  t h e  d i s e a s e  

( P  = I x D ) .  For a d i s e ase t o  b e  s t abl e , t he incidence and dura t i on 

mus t remain  constant  ove r  time (MacMahon and Pugh , 1 97 0 ) . The dura t i on 

o f  an t i bodies t o  S .  sui s type 2 mus t be l e s s  than f ive years , as there 

were no d i f f e renc e s  in the prevalence of t i t res in  pig farmers who had 

worked 0 to  5 years , 6 to  1 0  years or grea t e r  than 1 0  year s .  Wi th  a 

prevalence of 2 1 . 4% ,  the annua l i nc idence would be 4 . 3% ,  5 . 4% ,  7 . 1 % ,  

1 0 . 7 %  or 2 1 . 4% i f  the dura t i on o f  t i t res were 5 ,  4 ,  3 ,  2 or 1 years  

r e s p e c t iv e ly . Th e s e  l ev e l s  a re h J gh when compa red to the annual 

incidence o f  less  than 3%  for lept ospi ros i s  o f  pl g farme rs ( B lackmore 

and S cho llum , 1 98 2c ) .  I f  the dura t i on of t i t re s  to s. suis type 2 i n  

huma n s  a r e  s i m i l a r  t o  g r oup A s t reptococc i , one might assume a n  

a v e r a g e  d ura t i o n  of  n i ne months ( 0 .  7 5  years ) (Dudding and Ayoub , 

1 968 ) .  Thus from t he f o rmula P = I x D ,  2 1 . 4  = I x 0 . 7 5 , the annual 

i nc i d e nc e  o f  s e r o conve rsion and presumably i nfection wi th s .  sui s 

t y p e  2 i n  p i g  f a rm e rs i s  2 8 . 5 % .  Thi s  high l evel of  incidence i s  

u nu s u a l f o r  mos t zoonotic d i seases . I n  Cons table and Ha rring ton ' s 

( 1 9 7 8 )  s tudy on the r i sk s  of  zoonoses i n  veterinary services , anima l 

d e r i v e d  r i ngworm wa s the mo s t  f r e q u e n t z o onoses wi th  an annual 
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i nci dence of 1 . 2% ( 1 2 2 2  cases per 100 , 000 pe rson/years ) .  Robi nson and 

Me tcalf e  ( 1 97 6 )  also  reported tha t derma t o phy t os i s  was the mos t common 

z o on o t i c  i n f e c t i o n  i n  New Z e a land ve t e ri narians , wi th 26% of 8 1  

infe c t ed a t  some s t age o f  the i r  caree r.  

When the m e d i c a l  h i s tory of people wi t h  pos i t ive t i t re s  was 

i nv e s  t i g a  t e d  the r e  wa s no c o n s  i s  t e n t  a s s o c i a t i o n w i th previ ous 

i l lnes s .  Many of the cases  of d isease recorded were associated  wi th  

leptospiros i s .  It  would appear tha t subc l i nical  infe c t i ons of  s .  s ui s  

type 2 can occur i n  humans as well  a s  i n  pigs .  Subc l i nical  infe c t i ons  

would lead to the deve lopment of antibod i e s  to s .  sui s type 2 s i mi la r  

t o  tha t recorded f o r  subclinical throa t infecti ons o f  humans by group 

A s t reptococci (Max ted and Wi ddowson , 1 9 7 2 ) .  

I t  i s  highly p robable tha t  s t rains of s .  sui s type 2 exi s t  wi th  

d i f fe rent  leve l s  o f  pa thoge ni ci ty f or humans , simi lar t o  tha t  f ound 

w i t h  p i g s  and  labora t ory animal s .  From the work in the p receding 

chapt e r ,  i t  appeared tha t some s t ra i ns of s. sui s type 2 were non­

p a thog e n i c f o r  m o s t  a n i m a l s  whi l s t  o thers were pathogeni c for  a 

v a r i e t y  o f  d i f f e r e n t  s pe c i e s  of  a n i m a l s .  I f  s ome s t ra i ns we re 

i n f e c t i v e  b u t  n o n- p a t hogeni c for  humans , there would be a n t i body 

product ion wi thout the deve lopment  of c l i nical  disease , as wa s found 

i n  the present survey . 

From the present  s t udy , i t  i s  obvi ous that con tact  wi th pigs i s  

the maj or factor leading t o  antibody deve lopmen t  to S .  su.i s  type 2 .  In  

Chapter  V 3% of norma l pigs s laughtered at  a mea tworks we re shown t o  

be carrying S .  sui s type 2 i n  the blood .  As there i s  re si dua l bl ood i n  

a l l  body t i s sues a f t e r  s laughter  and S .  s u i s  type 2 can su rv ive i n  

chi lled and f rozen p i g  produc t s , a s i mi la r  percentage o f  carcasses  and 

t he i r  r e s u l tant mea t cuts may also  be i nf ec t ed .  Therefore , i t  i s  

possibl e  tha t  peopl e  handling and cooking pi g meat wi thi n a househol d  

could a l s o  become i nfe c ted and subsequent ly deve lop anti body . However , 

the t o t a l  number o f  recorded cases of d i s e a s e  f rom s .  s u i s  type 2 i n  

humans , othe r  than those i nvolved wi th pig fa rming , s laughtering o r  

butche ring , i s  less than f ive ( P e rch e t  a l , 1 9 68 ; Zanen and Engel , 

1 9 7 5 ;  Chau e t  al , 1 98 3 ) .  The pu blic  heal th dangers f rom handling mea t 

i nfect ed wi th S .  suis type 2 therefore appears to  be ext remely sma l l .  

In  Cha p te r  I V ,  s .  sui s type 2 was found to  b e  suscept ible to  heat , 

with  a l l  organi sms des troyed a f t e r  hea t i ng for two mj nut e s  at 60°C. As 
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the normal t empera ture f o r  cooking pig  mea t i s  between 1 80 and 220oc 

( C . Robert son , pe rsonal communi cation ) , a l l  s.  suis p resent i n  the raw 

pig mea t woul d  be dest royed pr ior  t o  i nges t i on o f  the cooked product . 

The case repo rted by D i ckie e t  a l  ( 1 98 7 )  i s  intere s t i ng i n  tha t 

i t  records the f i r s t  case of i nfection wi t h  s .  suis type 2 in  a pe rson 

wi t h  a concur ren t med i c a l  cond i t i on ( i nsulin  dependen t di abe te s ) .  I t  

i s  pos s ible tha t this pe rson ei ther acc identally inj ec t ed himself  wi th 

pathogenic s.  sui s type 2 whi l s t  admini s ter ing i nsulin or tha t being a 

d i abet ic  made him more suscept ible to  infect i on.  Diabe t i c s  have been 

f o und to be m o r e  s u s c e p t i ble to  group B s t reptococca l i n fe c t i ons 

( Le rner et a l , 1 9 7 7 ) .  In ret rospec t , it would be intere s t i ng to  know 

i f  o ther cases of di sease have occurred in people wi th concurrent 

i nfec t i ons or d i seases.  

As infect ion of  humans wi th pa thogeni c st rains of S.  sui s type 2 

has st rong ly incrimina ted a percutaneous rout e  of infec t i on ,  i t  i s  

p r o b a b l e  th a t i n f ec t i on by non-pa thogeni c s t rains i s  by the same 

route .  As mos t  farmers have cut s and abrasions on thei r hands and 

a rm s , the r e  i s  a h i g h  r i sk o f  i n fect i on by S.  sui.s  type 2 .  The 

d i s pe r s ed n a t u r e  of  S .  suis type 2 wi thin the piggery would a l s o  

i ncrease t h e  po s s i b i li ty of  contact  between thi s organism and abraded 

s k i n .  In  t h e  p r e s e n t  s t udy , the re was no si gni f i cant d i f f e rence 

be tween the preva lence of  t i t res in  ma les  and females , howeve r the 

s e ra f rom only a sma l l  numbe r of women was tested . Blackmore and 

S c ho l i um ( 1 9 8 2 b )  f o und that fema le  mi lkers we re less a t  risk  of  

cont rac ting leptospiros i s  than the i r  male counterpart s .  They proposed 

t h a t  t h i s m i g h t  be a s s o c i a t e d  wi t h  f ewe r cuts and abrasions in 

f emales , the refo re reduc i ng the poss i bi l i ty of  percutaneous i n fe c t i on.  

A s imi lar f i nd ing may have been expec t ed in  the present inve s t ig a t i o n ,  

except tha t t he possibi l i ty of  inf e c t i on f rom uncooked pig  mea t  would 

have been gre a t e r  i n  the females  than the male worke rs . 

CONCLUS IONS 

1 .  In the f our occupa t i onal groups s tudied , 2 1 . 4% of pig  farme rs , 

1 0 . 3% of  mea t i ns pector s , 9 . 3% o f  da i ry farmers we re seropos i t ive t o  

s .  s u i s  t y p e 2 w h e r e a s  none o f  t h e  ve t e ri na ry s t ud e n t s  w e r e  

s e ropos i t ive . 
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2 .  P o s i t iv e  t i t re s  i n  hum a n s  t o  S .  s u i s t y p e  2 i s  r e la t e d  t o  

occupa t i on a l  c o n ta c t  w i t h  p i gs or the i r  meat product s  and hence 

exposure to  S. sui s type 2 .  

3 .  Ant i body t o  s .  sui s type 2 appears to  b e  of sho r t  dura tion ( less  

than f ive years ) . 

4 .  The annual i ncidence of se roconv e rsion and pre sumed i nf ect i on with 

s. sui s type 2 could be  as  high as  30% i n  pig farme r s .  

5 .  S u bc l i ni c a l  i n fect ion wi th  S .  sui s type 2 appe a r s  to  occur i n  

humans as  we l l  as  in pigs . 

6 .  S t ra i ns of S .  sui s type 2 of low pa thogeni c i ty for  bo th humans and 

animal s  appear tQ be maintained i n  pigs . 
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CHAPTER IX 

THE PR EVALE�CE OF STR EPTOCOCCUS SU J S  IN QUEENSLAND PIGS 

INTRODUCTION 

A l t hough S .  suis ty pe 1 was f i r s t  recogni zed in Australian pigs 

in 1 9 6 3  ( Simmons , 1 9 63)  and S .  sui s  type 2 in 1 9 8 1  ( Budd le e t  a l , 

1 98 1 ) ,  i t  i s  probable that the s e  organi sms were present much earlier  

( Fr i end and Sims , 1 9 7 8 ;  Budd le , 1 985 ) .  

Los ses  a t t ributed to infec t i on with S .  suis type 2 appea r t o  vary 

f rom s t a t e  to  s ta t e  in Aus t ra l i a  (Buddle , 1 98 5 ) .  Al though outbreaks of 

d i sease have been reported from some herd s  in all s ta t e s , losses from 

s.  suis  a re genera lly regarded t o  be sma l l .  Al though several outb reaks 

h a v e  b e e n  r e p o r t e d in Queens land , Webs ter ( pers . comm. ) bel ieved 

d i sea se  caused by S. suis was rare and occurred l e s s  f requent ly than 

i n  s o u t he rn s t a t e s .  Sharrock ( 1 98 7 )  isola ted S .  suis  type 9 f rom 

Aus t ra l ian  pigs and cons ide red this organism was a maj or cause of 

dea t hs i n  weaners . 

The prev i ous wo rk publi shed on infect i on of Aus t ra l ian pigs wi th 

s. sui s has repo r ted , ei ther the presence of clini c a l  di sease in pigs , 

o r  t he i sola t i on of the o rgan i sm from pa thological s pec imens . Prior  to 

this  i nves tigat i on there have been no reports  of  the presence and 

signi f icance of subclinical tonsi llar carriers in Aus t ralian pig s .  

The aim o f  the wo rk described in thi s chapter was 

1 .  t o  d e termine the prevalence of tons i l lar carriers  of  S. suis types 

1 and 2 in pigs in Queensland 

2 .  t o  a s c e r t a i n  i f  d i f f e rences exis ted be tween the prevalence of 

s. sui s in New Z ea land and Aus t ralian pigs 

3.  t o  d e termine if infect i on was present i n  speci f i c  pa thogen f ree 

( SPF ) herds 

4 .  and to e s t a b l i sh if c a r r i e r s  w e r e  p r e s en t  i n  the fera l  pig 

populat i on and if the pa t te rn of infec tion was s imilar to  tha t of 

dome s t icated pigs.  
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MATERIALS AND METHODS 

Aba t toir Samples 

The pala t i ne tonsi l s  were collect ed f rom appa ren t ly hea lthy pigs 

s laughtered a t  f ive mea tworks in South- Eas tern Queens land . An I . F . A . T . 

for bo th S .  sui s types 1 and 2 was performed on the primary bac terial  

growth as desc ri bed ea rli er .  However wi th these samples , the pr ima ry 

m e d i um i n co rporat ed Hea rt  I nfus ion Aga r 1 ins tead of Columbi a Base 

Aga r1 . 

The herd , sex and s i ze ( porker , baconer  or chopper/back- f a t t e r )  

we re recorded f o r  a l l  pigs sampled.  P i g s  f rom seven s pec i f i c  pa thogen 

f r e e  ( S P F )  h e rd s  w e r e  i n c l uded in this  survey.  These herds we re 

repor ted to be f ree f rom sarcoptic mange , enzoo t i c  pneumonia , swi ne 

dy s e n t e ry and s w i n e  b rucel losi s .  Ninety- s ix f e ral  pigs were also 

sampled at the mea twork s .  The exact  origin of the feral pigs could not 

be determined as  they were col lected f rom depo t s  spread throughout 

Queens land . The se  pigs we re t ransported f o r  slaughter wi thin one week 

of being t rapped . The pa la t i ne tons i l s  of these pigs we re handled in  a 

s im i lar manne r t o  those of  domes ticated pigs . 

RESULTS 

The pa t t e rn of infec t i on wi th S .  suis  types 1 and 2 in Aus t ra lian 

dome s ti cated non-SPF pigs wa s v i r tua l ly identical to  tha t  record ed for 

New Z ealand domes t icated pigs . 

In Table s  9 . 1 and 9 . 2  the propo r t i on of pa la t i ne ton s i ls f rom 

n o n- S P F  dom e s t i ca t e d p i g s  i n f e c t ed w i t h  s .  s u i s t y p e s  1 and 2 

respectively i s  recorded . S t reptococcus suis  type 1 was d e te c t ed in  

5 6 %  and s .  sui s  type 2 i n  70%  of the  369  pigs sampl ed . The re wa s no 

signif i cant d if fe rence ( p  > 0 . 7 )  be tween the preval ence of inf e c t i on 

for male and f emal e  pigs for  ei ther  S .  s u i s  types 1 or  2 .  

1 GIBCO laboratories , Madison , Wi sconsin ,  U . S . A .  
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HERD 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TABLE 9 . 1  

ISOlATION RATE OF S .  SUIS TYPE 1 FIOf '!HE PAIATINE TONSII.S 
OF tomS'i'ICATID NON-SPF AUSTRALIAN SI.AlGfl'ERID PIGS 

NUMBER OF PIGS 
EXAMINED 

12 
12 
11 
17 
27 
30 

9 
6 

16 
21 
27 
17 
44 
12 

. 8 
10 
14 

9 
17 

5 
3 1  

8 
6 

MALE 
CARRIERS 

% 

43 
50 
57 
50 
59 
47 
60 
50 
67 
62 
59 
60 
58 
50 
75 
50 
67 
33 
45 

52 
67 
67 

FEMALE 
CARRIERS 

% 

80 
38 
50 
56 
50 
55 
75 
50 
60 
63 
50 
57 
65 
83 
25 
50 
50 
50 
50 
60 
60 
60 
67 

TOTAL 
CARRI ERS 

% 

58 
42 
55 
53 
56 
50 
67 
50 
63 
62 
56 
59 
61 
67 
50 
50 
57 
44 
47 
60 
55 
63 
67 

TOTAL 337 56 57 56 
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HERD 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
l3 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

TABLE 9 . 2  

IOOIATION RATE OF S. SUIS TYPE 2 FR(Jol 'lliE PALATINE �SILS 
OF IXJ1ESTICATID NON-SPF AlJSTRALIAN SLAI.GITERID PIGS 

NUMBER OF PIGS MALE FEMALE TOTAL 
EXAMINED CARRI ERS CARRI ERS CARRIERS 

% % % 

12 71 60 67 
12 75 63 67  
ll  7l 50 64 
17 63 67 6 5  
27 71  60 67 
30 63 73 67 

9 80 75 78 
6 50 lOO 67 

16 50 70 63 
21 69 75  71  
27 76 70 74  
l7 90 7 1  8 2  
12 83 83 83 
12 83 83  8 3  

8 50 75  63 
10 75 67 70 
14 83 63 7 1  

9 67 83 78 
17 73 83 76  

5 80 80  
31 71  60  68 

8 67 80 75 
6 33 lOO 67 

TOTAL 337 75 70 71  
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I n  Tables 9 .  3 and 9 .  4 t he propo r t i on of  i nfected tons i l s  from 

p i gs originat ing f rom SPF he rds  i s  recorded for S .  suis  types 1 and 2 

respe c t ively . St reptococcus suis  types 1 and 2 were not d e tec ted i n  

three o f  the seven herds examined . I n  the herds found t o  b e  i nfected 

5 2 %  we re infected wi th s .  sui s type 1 and 72%  wi th  s .  suis type 2 .  As  

wi t h  non-SPF dome s ti ca ted pigs , there was no s igni f i cant d i f fe rence 

( p ) 0 . 5 )  be tween the prevalence of infection for male and female  pigs 

for e i the r  s .  sui s types 1 o r  2 .  

I n  Table  9 .  5 a compa r i s on i s  shown between Aus tralian non-SPF 

dome s ti cated pigs , infe c t ed SPF pigs , non-i nfected SPF pi gs , feral 

pigs and the New Z ealand domes t icated pigs is seen for S .  sui s types 1 

and 2 .  In the case of  feral  pigs , 6 3% we re i nfected w.i th S .  suis  

t y p e  2 whi l s t  only 1 8 % we re  i d en t i f i ed as t ons i l lar car r i ers  of 

S. sui s type 1 .  As wi th  other pigs there was no s igni f i cant d i f ference 

( p > 0 . 7 )  be tween the prevalence of infect ion wi th  S. sui s types 1 or 

2 for male and female p i g s .  I n  infected he rds the re was no si gni ficant 

d i f f e rence ( p > 0 . 1 )  be tween the number  of carr i e rs of S.  sui s type 2 

i n  Aus t ralian  domes ticated  pigs , infected SPF pigs , feral pigs and New 

Z e aland pig s .  There was however  a s igni f i cant d if f e rence ( p < 0 . 000 1 )  

be tween the non-infected SPF herds and a l l  othe r he rds for s .  suis· 

type 2 .  The re was also no s i gnifican t d i f ference ( p > 0 . 2 )  be tween the 

num b e r  of non- S P F  d o m e s t i c a t ed pigs , infect ed SPF pigs , and New 

Z e a l and p i g s  i n f e c t ed w i t h  S .  s u i s t y p e  1 .  However there was a 

s igni f icant d i f fe rence ( p < 0 . 000 1 ) between the number of feral pigs 

and the number of non-SPF dome s t i ca t ed pigs i nfected wi th S.  suis  

type 1 .  

Table 9 . 6  record s the d ifferent percentages of tons i l s  infected 

wi t h  S .  sui s  types 1 and 2 i n  porkers , baconers and choppers . For both 

S.  suis types 1 and 2 baconers had the highest  rate of inf e c t i on ( 58%  

for  S .  suis type 1 and 7 1 %  for  S .  suis type 2 ) .  The pe rcentage of  

ton s i ls  of po rkers i nfec t ed wi th S .  suis types 1 and 2 was 54% and 7 0% 

r e s p e c t i v e ly , and  i n  c ho ppers i t  was 4 7 %  and 6 7 % .  However these 

d if f e rences we re not s i gn i f i cant ( p > 0 . 6 ) .  
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HERD 

1 
2 
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4 
5 
6 
7 

HERD 

l 
2 
3 
4 
5 
6 
7 

TABLE 9 . 3  

IOOIATIOO RATE OF S .  SUIS TYPE 1 FRCM THE PAIATINE TONSILS 
OF SPF SIAUGHTERID PIGS 

NUMBER OF PIGS MALE FEMALE '!'OrAL 
EXAMINED CARRIERS CARRIERS CARRIERS 

% % % 

25 0 0 0 
14 67 63 64 
57 50 57 53 
31 0 0 0 
36 0 0 0 
32 47 53 50 
68 48 51 50 

TABLE 9 . 4  

ISOlATION RATE OF S. &JIS TYPE 2 FRCJol THE PAIATINE TONSILS 
OF SPF SIAUGHTERED PIGS 

NUMBER OF PIGS MALE FEMALE TOTAL 
EXAMINED CARRI ERS CARRI ERS CARRI ERS 

% % % . 

25 0 0 0 
14 67 75 7 1  
57 7 5  67 72  
31 0 0 0 
36 0 0 0 
32 67 76 72 
68 67 77 72 
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TABLE 9 . 5  

'!HE PRE.VAI.EK:E OF INF.ICI'IOO WI 'IH  S. SUIS I N  PIGS OF DIFFERml' ORIGIN 

ORIGIN 
OF 

PIGS 

Austral ian 
Non-SPF 
oanesticated 

Austral ian 
SPF Herds 
Infected 

Austral ian 
SPF Herds 
Non- Infected 

Austral ian 
Feral 

New Zealand 
Non-SPF 
oanesticated 

S .  SUIS TYPE 1 

NUMBER 
EXAMINED 

369 

171 

92 

96 

365 

INFOCTED 
'IDNSI LS 

( % )  

56 

52 

0 

18 

51 

S. SUIS TYPE 2 

NUMBER 
EXAMINED 

369 

171 

92 

96 

590 

INFECTED 
TONSILS 

( % )  

70  

7 2  

0 

63 

75 
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TABLE 9 . 6  

AGE (ClASS) SPO::IFIC RATES OF INFECI'IOO WI'IH S. SOIS IN mE 
PAlATINE TONSH.S OF sr.AlJGlTERID PIGS 

CLASS 
OF 

PIG 

Porkers 

Baconers 

Choppers-
·Backfatters 

NUMBER 
EXAMINED 

63 

291 

15 

S. SUIS TYPE 1 

NUMBER OF 
' INFECTED TONSILS 

( % )  

34 
(54)  

168 
( 58)  

7 
(47)  

S.  SUIS TYPE 2 

NUMBER OF 
INFECTED TONSILS 

( % )  

44 
( 7 0 )  

206 
( 7 1) 

10 
( 6 7 )  
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DI SCUSSION 

In thi s survey of Aus t ralian pigs , as wi th the one reported for 

New Zea land pigs  i n  Chapter V,  i t  would appea r tha t  a l l  non- SPF pigs 

a re infe c ted wi th both S .  suis types 1 and 2 .  The reasons for this 

could be expla i ned by the s imi lar hi gh densi ty of pigs , the rapid 

spread of  i nfec t ion and the long dura tion of  carriage as discussed 

ear l ier .  

In non-SPF Aus t rali an dome s t i ca t ed pigs , 5 7 %  we re ident if i ed as 

infected w i th  S.  sui s type 1 and 7 0% w i th S .  sui s type 2 ,  compa red 

wi t h  5 1 % and 7 5% f o r  New Z ea land pigs.  These d i fferences are not 

signi f icant ( p ) 0 . 1 ) .  S imi larly there we re no detec t ed d i f f e rences 

between pigs  of d i f fe rent s i ze or  of  e i the r sex. The se f ind ings would 

i nd i c a t e  t h a t  the pa t t e r n and me t hod of spread of  infect ion i s  

probably s imi l a r  i n  New Zea land and Aus t ra l i a .  Because o f  the wo rld­

wide d i s t r i but i on of  infec t i on wi th  S .  sui s ( Robe rt son , 1 98 5 b )  i t  i s  

a l s o  h i gh l y  p roba b l e  t ha t  t he pa t t e rn of infec t i on i s  the same 

throughout  the world . 

Of  t he s ev e n  SPF  h e r d s  s am p l e d  only four we re found to be 

infected wi th  S. sui s types 1 and 2 ,  wi th the rema i ning herds f ree of 

inf ec t i on f r om both organi sms . The probabi l i ty that these la t ter herds  

we re infe c t ed i s  less  than 1 i n  3 x 1 0 1 0  for s.  suis  type  1 ( based on 

a sens i t iv i ty of 6 2 % )  and less  than 1 in 3 x 1 0 1 5  for  s .  sui s type 2 

( based on a s ens i t ivi ty of 7 6% ) .  Because of these ext reme ly sma ll  

probabi l i t i e s , i t  i s  highly l i ke ly tha t these SPF  herd s  were indeed 

f r e e  f r om i n f e c t i on .  I n  Cha p t ers V and VI i t  was proposed tha t  

i n  utero infect ion was res ponsi b l e  for subsequent early infec t i on of 

piglets  wit h  S .  sui s .  Group B s t reptococci , as d i s cussed earlier , have 

many s i m i l a ri t ies wi th S .  sui s .  An impo rtant synd rome produced by 

group B s t reptococ c i  i s  tha t  of neona tal sepsi s .  Inves t igation into 

the epidemiology of  thi s d i sease has revealed tha t  maternal uterine 

infect i on wi t h  group B s t reptococc i  plays an important role i n  the 

s u b s e q ue n t  n e ona t a l  i n f e c t i o n  ( E i ckho f f  e t  a l , 1 9 6 4 ;  Baker and 

Ba r re t t , 1 9 7 3 ;  1 97 4 ) .  These worke rs proposed tha t infection of the 

neonat e  occurred during pa ssage through the caudal reproduct ive t rac t .  

Del ivery b y  caesarian sec tion ove rcomes this problem b y  avoiding the 

c o n t a c t  o f  t h e  n e o n a t e  w i t h  t h e  i n f e c t e d vag i na .  S i m i l a r ly 

hys te re c t omy derived pigl e t s  could overcome exposure and subsequent 
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infect ion with s .  suis by the fact that  they a re removed prior  to  

passage through the vagina.  I n  natura l farrowings , the movemen t o f  the 

p ig l e t  through an infe c ted  vagina and uterus i s  p resumably sufficien t  

t o  a l l ow infect ion to  occur . A s  the maj ority of  pigle ts  a re born 

w i t ho u t  p l a cental coverage , the re i s  normal ly contact  between the 

pigle t  and the reproduc t ive t ract . 

The pre sence of infect i on in  four SPF herds i s  p resumably due to 

b r e ak d own of the " ba r r i e r " . The s e  he r d s  were however f ree f rom 

enzoo t i c  pneumonia ,  mange , swine dysentery and swine brucellos i s .  In 

C ha p t e r  I V  i t  was  s hown that s .  sui s  could be i s ola ted f rom the 

e nvi r onmen t o f  a piggery wi t h  up to  1 0% of swabs collected f rom the 

f loors and feed t roughs be i ng pos i t ive for s. sui s .  Due to this high 

l eve l of  e nv i ronmenta l contami na tion i t  i s  poss i ble  that  s .  sui s was 

i n t r o d u c e d  t o  p r ev i o u s ly f r ee  he r d s  by c o n t a m i na t ed go od s o r  

personnel.  The SPF herds sampled i n  thi s survey were i ni t ia l ly st ocked 

wi t h  hys t e rectomy der ived pigs or f rom the progeny of hy s te rectomy 

d erived pigs . All  subsequent introduct ions were f rom other SPF herds , 

by  p i g s  p roduc e d  f rom f u r t he r  hy s t e re c t om i e s  o r  by a r t i f i c i al 

inseminat ion.  No clini c al  d i sease , typical of that  caused by S. suis , 

had been recognized in the SPF herd s .  Howeve r clinical  disease had not 

been seen i n  the maj o r i ty of  the non-SPF domes t i c  a ted herd s .  These 

f i nd ings would support  those recorded f rom herds of  New Zea land pigs , 

whe r e  i t  wou l d  app e a r  t h a t  clinical  d i sease i s  rare even though 

s .  sui s i s  endemi c a t  a lev e l  approaching 100%.  

F rom the examina t ion of feral pigs , i t  would a lso appear tha t 

infec t i on with S .  sui s type 2 is  endemic a t  a leve l approaching 100%.  

The p re sent f i ndi ngs are suppo rted by the serologi cal resu l t s  repo rted 

i n  Chapter V for feral pigs from New Zealand . However , there was a 

signi f i cant dif ference ( p  < 0 . 000 1 )  be tween the number of feral pigs 

i n f e c t e d w i t h  s. suis type 1 and the number  o f  domes t i ca ted pigs 

infec t ed wi th this type . Thi s  also suppo rts  the f i ndings presented 

ea r l i e r  whe re the t i t re s  to s. suis type 1 in  New Zealand feral pigs 

w e r e  l owe r and had a grea ter  range than t i t re s  f rom New Zea land 

domes t icated pigs.  The present find i ngs add fur ther suppo r t  t o  the 

hy p o t he s i s  t ha t  ma i n t en a n c e  of i n f ection with S. sui s type 1 i s  

d e t e rmined by the popula t i on d ens i ty o f  pigs . Fera l pigs i n  Aus t ralia  

ca n  be  found i n  small  g roups of  one to ten  or  occa s i ona lly i n  large 

mobs of up to one hund red p ig s .  As  the exact  origin o f  the feral pigs 
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sampled i n  this survey could not be ascerta ined , i t  mus t  be presumed 

tha t representa tives of both groups were sampled . Pigs  in large mobs 

may have suf f i cient contact  wi th  othe r pigs to ma intain a cyc le of 

i n f e c t i o n  and r e i nfec tion.  In smaller  groups this contact  wi th a 

"sheddi ng" pig i s  reduced or absent and the refore the prevalence of  

infe c t i on would be lowe r.  In the  present  i nves tiga t i on , the f i nding 

tha t some pigs were infec t ed wi th S .  suis  type 1 would suppo rt  the 

hypo the s i s  tha t  some pigs f rom large g roups were sampled . 

CONCLUSIONS 

1 .  S t re pt ococcus suis type 1 was detected in 56% and S .  suis type 2 in  

70% of Aus tralian dome s t icated pigs.  The simi lari ty of these values to  

those obtained f rom New Zealand pigs wou l d  i ndicate  a similar  pa t te rn 

of infection in bo th  count r i e s .  

2 .  A s  some S P F  h e r d s  we re d e tec t ed a s  being free from i nf ec t i on wi th  

S .  sui s ,  it  is  probable tha t  hy s t e re c tomy derived pigl e t s  a re f ree 

f rom infection. Thi s  i s  analogous to infect i on of  human neona t e s  wi th  

group B s t reptococci f rom the reproduc t ive t ract o f  the mothe r at  the 

t ime of bi rth. 

3.  Detect ion of S.  sui s in some SPF herds is  probably associa t ed wi th  

a p r i or  breakdown of the barrie r  al lowing the  entry of S .  sui s .  

4 .  S i m i lar  prevalence ra tes  of infec t ion with S .  sui s type 2 were 

recorded i n  both dome s t i c  and feral pigs , indicating a s i mi la r  pa t t e rn 

of infect ion i n  bo th types of pig.  

5 .  The re we re  fewe r feral pigs infected  with S .  suis  type 1 than 

dome s t i cated pig s .  This woul d  indica t e  that  the pa t tern of i nfec t i on 

i s  d i ffe rent i n  fera l and domes t i cated pigs for S.  suis  type 1 .  

6 .  The diffe rence i n  pa t te rn of  infec t i on by s .  sui s types 1 and 2 i n  

feral pigs ind i ca t e s  d i f f e rences i. n the epi demiolog i cal  features of  

infect i on by th e se  two organi sms . Thes e  d if f e rences could be  expla i.ned 

by the hypo thes i s  tha t  infe c t i on wi th s. suis type 1 i s  dependent  on a 

series  o f  reinfe c t i ons and i s  related t o  the popul a tion dens i ty o f  

pigs . 
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CHAPTER X 

GENERAL D I SCUSSION 

Infe c t i ons by s. sui s types 1 and 2 have been recognized in most 

pig rearing coun t ries , howeve r  the organi sms have only recently been 

i d e n t i f i e d in p i g s  in New Z ea land (Robertson ,  1 98 5 ) .  The i n i tial  

isola t ion o f  these organ i sms s t imulated the work described i n  this  

thes i s .  From thi s wo rk i t  appeared tha t  the  pa ttern of  i nfe c t i on was 

different to  tha t reported in  other count ries.  

I n  many s tudi e s , the repo r t ed preval ence of i nfecti on in  pigs 

w i t h  S .  s u i s  in t he pa la t i ne tons i ls has varied from 0 to  1 00% . 

Howeve r  mos t  s tudi es have recorded a prevalence ra t e  of  less  than 20%.  

In the p re sent i nves tiga t i on , over  70% o f  pigs we re recognized as 

being i nfected wi t h  S.  suis type 2 and ove r  50% wi t h  S.  sui s type 1 .  

P r ev i o u s  w o r k e r s  h a v e  r e l i e d  on t ra d i t i ona l m i c ro b i o log i c a l  

t e ch n i q u e s , whi c h e m p l o y e d  t he u s e  o f  cultura l , b iochemical and 

s e r o logical t es ts ,  t o  iden t ify pigs i nfected wi th  S .  sui s .  In  the 

present  s tudy , these tes t s  were found to be of low sens i t iv i ty which 

may account for the wide va r i a tion in  the p reval ence reported by other 

worke r s .  As  the accuracy of the t e s t s  used by previous workers  was no t 

determined , the validi ty of the i r  find i ngs may be quest ionable.  In the 

present i nves tigati on an I . F . A . T. was d eveloped whi ch appears to be of 

high sensi t ivi ty and specif i c i ty , is easy to  use and is quicker than 

the t rad i t i ona l microbiologi c a l  t echni que s .  Based on the rapi d sp read 

of i n f e c t i o n  t o  and be tween young pigs and the long du ra t i on of 

infec t i on , i t  was proposed that 1 00% of pos t-weaning pigs are i nfected 

wi t h  S .  sui s .  Fur t he r  epidemiological s tudies tended to conf i rm thi s 

hy po t h e s i s .  The  h i gh p r ev a l e nce of infect ion i n  New Z ealand and· 

Aus t ralian  pigs and the p resence of these organisms i n  pi gs f rom the 

maj o r  pig rearing coun t r i e s , sugge s t s  that s.  sui. s i s  endemic at a 

simi lar  l evel i n  pigs in a l l  o ther coun t r ies . 

In the present s tudy , only ant i s e ra to  S.  sui s types 1 and 2 were 

ava i la b l e .  Howev e r  it is highly probable tha t the other types of 

s. sui s recognized by Perch e t  a l  ( 1 9 8 3 )  and Boe tner e t  al ( 1 98 7 )  are 
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also present i n  pigs i n  New Z ealand and Aus t ralia.  Many organi sms that 

we re biochemica l ly s imi la r , y e t  serolog i c a l  d i s tinct , to  S. suis  types 

1 and 2 we re i sola t ed f rom the pala t i ne t ons i l s .  Based on the f i nd i ngs 

rela t ing to S .  sui s types 1 and 2 ,  i t  i s  also probable that these 

o the r types of S. suis a re endemi c in a high proport ion of Aus t r a lian 

and New Zea land pigs .  

A l though t h e  I . F . A . T . can d e t e c t  spec i f i c  ty pes o f  s .  su is , 

d e pe nd i ng u p o n  t h e  a n t i se ra used , thi s te s t  cannot d ifferent iate  

between pathogenic and non-pathogenic s t rai ns .  Although 1 00% of pigs 

are  cons idered to be infected with s .  sui s ,  it cannot be inferred that 

a l l  p i g s  a r e  i n f e c t e d  w i t h · pa t ho g e n i c s t rains . Howeve r ,  i f  the 

t ransmissi on be tween p i g s  and the dura t ion of i nfect i on i s  s i m i lar for 

the poten t i a l ly pathogenic and the non-pa t hogeni c  s t rains , then i t  is 

l i kely that  bo th wi ll be present i n  a l l  p i gs wi thi n herds exposed to 

i nfec tion. 

S t r e p t o c o c c u s  s u i s i s  a p p a re n t ly  an ubi q u i t o u s  o r ga n i sm 

s pecifi cally adap ted to pig s .  Other g roups of s t re ptococci  appea r to 

have evolved and adapted to d i f ferent s pe c i fic  spec i e s  of animal s , for 

example group G s t reptococc i predom i nant ly affect dogs and foxes and 

groups E and P a l s o  affec t pig s .  Howeve r ,  other s t reptococ c i  such as 

g roup D enterococci show l i t tle  hos t  spec if icity  and a re found i n  mos t 

anima l specie s .  St reptococcus sui s ( Lancefield groups R and S ) show 

s ev e r a l  cha ra c t e r i s t i c s o f  s pe c i f i c  adapta tion t o  pigs . Thi s i s  

ev ident by the low pathogeni c i ty o f  mos t  i s ola tes , the high preva lence 

of infecti on and the rapid t ransmi ss ion of the organism f rom anima l to  

a n i m a l and from genera t i on to gene ra t i on .  Although s .  sui s can be 

f ound i n  all  pigs , i t  i s  obvious tha t  the r e  are s t rain d i f fe rence s .  In 

t he p r e s e n t  i nv e s t i ga t ion , a human i s o late  was found t o  be more 

pa thogenic for pigs and labora t ory anima l s  than we re porci ne i so l a t e s .  

The reasons for  such a s t rain d i f fe rence are unknown. The pathogeni c 

s t ra i n s  may a r i s e  by gene t i c  t r a n s f o rma t i o ns s i m i l a r  t o  t hose 

responsible for the deve lopment of an t i b i o t i c  re s i s tance repo r t e d  i n  

g ro u p  A s t re p t o c o c c i  ( Dob r z anski , 1 9 7 2 )  o r  they may b e  i nna tely 

d i f f erent . 

If  diffe re nt  i sola tes  of s .  sui s  type 2 have d i f fe rent degrees  of 

pathogenicity  f o r  both p i g s  and labo ra t o ry animals , i t  is li ke ly that 

t hey  wou l d  have s im i l a r  d i f ference s  in pathogeni ci ty for  humans . 
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Bact erial  re st ricti on endonucl ease DNA analysi s  ( BRENDA ) performed on 

i solat es  of  S .  sui s type 2 f rom the pa l a t i ne t ons i l s  of  apparent ly . 
norma l pigs showed tha t  a t  least  three pa t t e rns we re present . Only one 

pa t t e r n  c o u l d  be i d e n t i f i e d i n  t he i s o l a t es of s. sui s type 1 .  

Unfor tunat e ly faci l i ti e s  were not avai lable f o r  exami ning the BRENDA 

pa t t e rn of the  huma n s t r ain.  I t  is pos s i b l e  tha t  organi sms w i t h  

d i f ferent BRENDA pa t t e rns may b e  also  of d i f ferent pa thogeni ci ty. Thi s 

area would be wor t hy of  furthe r research. Mice could be used as an 

indica t o r  species f o r  d e termining the pa thogenici ty of i so lates  of 

S. suis type 2 as , i n  the present i nve s t i ga ti on , i solates  pa thogenic 

f o r  humans and p i g s  w e re a l s o  pa thog e n i c  for m i c e .  Among t he 

advant ages of  us i ng mi c e  f o r  such s tudies  are thei r  cheapness  and ease 

of hand l ing and housing.  Rabb i t s  are not  sui table for pathogeni c i ty 

t r ials  as  they appear t o  be equal ly susce p t i bl e  to  s t rains of s .  s u i s  

which are  bo th pathogeni c  and non-pathogenic  f o r  pigs and humans.  

A l though S .  suis may be endemic in  all  pigs of  the world , the 

l o s s e s  s u f f e red d u e  t o  i nf e c t ion wi th these organi sms vary f rom 

count ry t o  count ry . I n  Europe and i n  pa r ti cular  Great Britain , d i sease 

f rom S .  s u i s type 2 c o ns t i t u t e s  one of the ma j o r  p o s t -we an i ng 

p roblem s .  In these count ries the predomi nant signs are meni ng i t i s , 

septicaemia and a r th ri t i s .  In the Uni ted S t a t e s  of America and Canada , 

d isease f rom S .  suis type 2 i s  associated wi t h  bronchopneumoni a ,  and 

lower rates of mo rta l i ty than those report ed in Eu rope.  In Aus t ra l i a  

the losses reported f rom S .  suis  type 2 vary f rom s tate  t o  s t a t e .  

However i t  i s  not con s i dered t o  b e  a cause of serious pos t-weaning 

l o s s .  I n  New Zealand the d i sease i s  rare and thi s may account for the 

d elay in recogniz i ng the pres ence of the o rgan i sm i n  this country .  In 

the period  f rom 1 98 5  to m i d  1 98 7 , 46 pigs f rom two herd s of 60  and 1 8 0  

sows ( H e rd s  1 and 2 f rom Chapt e r  V ) , were autopsied a t  the De partment 

of Ve teri nary Pathology and Pub l i c  Hea l t h ,  Massey Uni ve rs i ty.  Of these 

pigs , only three ( 6%) were considered to  have d i ed as  a resul t of 

infec t i on f rom S .  sui s .  One had an infec t i on wi th s .  sui s type 2 and 

t wo wi th s. suis type 1 .  Al though s.  sui s can be regularly isola ted 

f rom the b lood and bra i ns of apparent ly normal pigs , the organism 

r a re ly  a p p e a r s  t o  produce c l inical disease i n  Aus t ra l i an and New 

Z e a lan d  p i g s .  The s e  d i f f e r e nc e s  i n  the c l i nical pi cture be tween 

c o un t r i e s a r e  proba b l y  associated wi th the presence of d i f fe rent 

s t ra i n s  of o rgan i sm s .  I n  New Zealand and Aus t ra l i a , mos t  s t ra i ns 

appear to have a l ow pa thogeni c i ty , whi l s t  in B r i tain  more pathogenic 
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s t r a i n s  p ro b a b ly e x i s t .  I t  i s  po s s i ble  that  i n  the future more 

pa thogenic s t rains could evolve in New Z ea land and Aus t ra l i a  wi th a 

subsequent i nc rease in the losses caused by this organi sm.  The reve rse 

s i tua t i on appears to be occurr ing i n  relation to  s. sui s type 1 i n  

Eur ope . I n  the 1 9 50 ' s  and 1 960 ' s ,  meningo-encepha l i t i s  o f  pigle t s  

caused b y  S .  sui s type 1 was a common problem i n  pigge ries  (Field  

et  a l ,  1 9 54 ) . Howeve r ,  the d i sease i s  now rarely seen  ( El li o t  e t  a l , 

1 9 80 ) . A l t h o ugh t h i s  c hange  i n  morbidity  may be associated with 

changes i n  the managemen t and handl ing of  pigs , i t  could also  have 

been caused by gene ti c  dri f t  to less  pathogenic forms .  

Al though impo r ted pigs a re r i go rous ly tes ted f o r  the presence of  

i nf  ec  t i o n s  o f  exo t i c  d i s e a s e , l e s s  t ho rough exam i n a t i on s  a r e  

under t aken f o r  organi sms already endemic i n  the impo r t i ng count ry .  

Th e r e f o r e t h e i m p o r t a t i o n  o f  l iv e  a n i m a l s  m a y  a l l o w  f o r  t h e  

i n t roduc t i on o f  more pa thogenic  s t rains o f  S .  sui s i n t o  New Zealand 

and Aus t ra l i a .  As s. suis could no t be de tected in any of the male 

re product ive t issues sampled i n  thi s survey other than one s eminal 

vesicle , i t  would appear tha t  s emen i s  l i ke ly t o  be f ree  of s .  sui s .  

The i n t roduc t i on of  new gene t i c  ma terial  would therefore b e  safer by 

the impo r t a t i on of frozen semen rather than wi th  the impo r t a t i on of 

l ive p ig s .  

The prevalence of i nfection i s  p ropo r t ional to the product o f  the 

incidence and the dura tion of i n f e c tion , and i n  s t ab l e  d i seases the 

preval ence equals the product of  the incidence and durat ion (MacMahon 

and Pugh , 1 9 7 0 ) .  The ref ore , if the prevalence of i nfect i on is 1 00% and 

the dura t i on is i nfini t e  (as long as the pig surv ive s )  the annual 

i ncidence mus t be sma l l .  This  i s  g raphi ca l ly demons t ra t ed f o r  a fixed 

number o f  pigs i n  F igure 1 0 . 1 .  I n  this figure , the weekly incidence 

and prevalence ra tes  are determ ined f rom the work described in Cha p t e r  

V I I .  In  the f i rs t  week of l i f e  t h e  p revalence and incidence ra t e s  a r e  

compa rable .  A f t e r  t h i s  t ime , the prevalence i ncreased to  1 00% for  bo th 

S .  sui s types 1 and 2 ,  whi l s t  the i nc idence i nc reased s l ight ly f o r  

S .  sui s  type 1 t o  40% and then d ropped t o  0 %  when the pigs were seven 

weeks old .  For S.  suis type 2 ,  t he incidence fell  a f t e r  the f i r s t  week 

to be 0% at the age of f ive weeks . The reduct ion in i nc idence i s  

a s s o c i a t e d w i t h  a d e c r e a se i n  the number o f  pigs suscep ti ble  t o  

infect ion ( p revi ous ly non- i nfected  pigs ) . Thi s  f i gure shows tha t  ove r  

50% o f  pigs  a re i nfe cted wi th  S .  suis type 2 i n  the f i r s t  week of  
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lif e ,  whi l s t  i t  takes nearly two weeks f o r  over ha lf of the pigs  to 

become i nfected wi th  S .  sui s type 1 .  For mos t of the l i f e  of  a g roup 

of pigs the i nc i d ence of i nfect ion would be ni l and the preva lence 

1 00% . Howeve r  in a b re eding herd there a re always some sows f a rrowing 

and produci ng non- i nfected p ig l e t s  whi c h  a re subs equent ly i nf e c t ed .  

Based o n  a n  assumed produc t i on of 2 . 2  l i t te rs /sow/year ,  t e n  pigle t s  a 

l i t t er  and the s laugh t e r  of baconers at  2 2  weeks , at  any one time i n  a 

breed ing herd , 9 1 . 8% of  pigs would be infec t ed with S .  sui s type 1 and 

9 4 . 8% wi th s .  sui s type 2 .  A weekly incidence of approximat ely 4 .  5%  

and 5 . 8% for S.  suis  types 1 and 2 respec t ively would be seen in each 

herd . Thi s  is ba sed on the assumpt i on that a l l  pigs are i nfected wi th  

S. sui s type 1 by the age of 1 4  days and s .  s u i s type 2 by nine day s .  

I n  the present i nves tiga t i on , S .  sui s type 2 was detected i n  a 

g r ea t e r  pe r c en t a g e  o f  pa la t i ne tons i l s  and nasal swabs than was 

S. sui s type 1 .  Thi s  was believed to have been assoc i a ted wi t h  the 

sensi t ivi ty of the I . F . A . T . I t  was proposed that  fewe r o rgani sms of 

s .  sui s  type 1 were  present i n  the t ons i l s  and therefore the re was a 

smaller  probabi l i ty o f  detect ing one i n  a tonsi llar swab.  Thi s  wa s 

suppor ted by the f i nd ings i n  Chapter  VI , when the cohor t  of pigl e t s  

were a l l  infec t ed wi th  S .  suis  type 2 ( 2 6 days)  ear l i e r  than wi th  

s .  s ui s  t y p e  1 ( 3 8 d ay s ) .  These resul t s  we re in cont ras t  to  t he 

typical c l i nical p i c t ure , where d isease f rom S .  sui s  type 1 occurs 

p redominant ly in s ucking pigle t s , whi l s t  d i sease from s .  sui s type 2 

occurs i n  weaners and g rowers . The antibody res ponse i n  dome s t i c  pigs  

f o l l ow e d  a s i m i l a r  pa t tern for both o rgani sms.  Compa red wi t h  the  

antibody l evel t o  s .  sui s type 1 ,  antibody t o  S .  suis  type 2 increased 

later , after reaching a low poi n t  co rrespond i ng wi th the reduc t i on of  

ma terna l anti body . Thi s  slowe r increase i n  anti body to S .  suis  type 2 

may account for the more frequent sign of  d i sease in the pos t-weaning 

phase , or alterna t ively higher leve ls of a n t i body may be needed t o  

p r o t e c t aga i n s t i n f e c t i on w i t h  S .  sui s type 2 than with S.  sui s 

type 1 .  

W h e n  f e r a l  p i g s  we r e  c o m p a r e d  w i t h  domes t i c a t e d  p i g s a 

s i gn i f icant ly d i f fe re nt  prevalence and l eve l o f  ant i body to  S .  s u i s  

t y p e 1 w e r e  f o und . I n  f e ral  pigs , the geome tric mean t i t res for  

s .  sui s  type 1 were lower than those for s .  suis  type 2 ,  whi l s t  i n  

d omest i cated pigs the geome t r i c  mean t i t re s  were comparable.  Also  for  
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bo t h  feral and domes t i cated pigs , the range of t i t re s  for S .  suis 

type 1 was g rea t e r  than tha t  for S .  sui s type 2.  Thi s  pat tern could be 

explained i f  the assumpti on tha t  s. sui s type 1 was carried f o r  l i fe 

wa s i ncor rec t .  If  a series of  reinfe c t i ons occurred , the preval ence of 

S .  s u i s  type 1 wou l d  be d e p e n d e n t  on  t he population dens i ty as 

d i s c u s s e d  i n  Cha p t e r  VI and  I X .  The h igh population dens i ty of 

domes ti ca ted pigs , would allow the cont i nuous spread of  infec t i on f rom 

i nf ec t ed to non- i nfected pigs and consequent ly a higher prevalence and 

the development of highe r t i t re s .  Wi th  the smaller popula t i on densi ty 

of feral  pigs , the re would be less chance of reinfect ions occur ring 

and therefore a lowe r prevalence of i nf e c t i on and lowe r t i t res than i n  

dome s t icated plgs.  Simi larly , sma ll  herd s  of dome s t i cated pi gs  may 

also  be expe c t ed t o  have a lower prevalence than large r he rds .  From 

the resu l ts of the c ross-sect i onal survey reported in  Chapter  V ,  the re 

was no s igni f i cant d i f f e rence ( p > 0 . 3 )  be tween the number of  pigs 

infec t ed with  s .  sui s  type 1 f rom herds wi t h  more than five sows , and 

the number of  i nf e c t ed pigs from herds w i t h  less than f ive breeding 

anima l s .  However ,  there was a higher prevalence i n  the large r herds 

( 5 1 % )  compa red wi t h  the sma l l e r  herds ( 46% ) .  If fera l p i gs l ived in a 

"mob" , then a highe r  p revalence of i n f e c tion and therefore higher  

t i t res to s .  sui s type  1 could be  anti c i pa t ed than i f  they rema ined in 

smal l  groups or  i n  isola tion.  In New Zealand , whe re feral  pigs a re 

predominantly f ound i n  the f o res t ed areas , most  pigs l ive i n  i s o la t i on 

o r  cong reg a t e  i n  sma l l  groups of less  than f ive pigs , whil s t  i. n  

Aus t ralia  large numbers of  feral pigs can b e  found i n  the open g rai n 

g rowing areas . The re fore , i t  would be expec t ed tha t the preva lence of 

s. sui s type 1 would  be grea t e r  in Aus t ra l i an feral  pigs than i n  New 

Z e a l and f e ral  pigs . The similar management pract i ces in i n t ensive 

pigger ie s  i n  New Zea land and Aus t ralia , would explain the prevalence 

o f  infection approaching 1 00% for bo th S.  suis types 1 and 2 in bo th  

count r i e s .  

A l t hough s .  s u i s  c a n  be i s o l a t ed f rom the env i ronment of  a 

piggery , i t  woul d  appear tha t carri er  pigs  are more important for the 

s p r e a d  a n d  t r a n s m i s s i on o f  the  o rg a n i sm than a c o n t a m i na t e d 

e nv i ronmen t .  H owev e r ,  i f  t he o rg a n i sm r ema i n s  infect ive i n  the 

envi ronment , thi s provides ano the r  pos s i bl e  route for the i nfec t i on of 

pigs.  Thi s  may be impo r tant for  the ma i n tenance of s. sui s type 1 

w i t h i n  a p o pu l a t i o n .  Th i s  e nv i r o nm e n t a l  s hedd i ng and po s s i b l e  

reinfec t i on may account for the detect ion o f  s. sui s type 1 i n  t he 
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palat ine tonsi l of a s i ngle pig whi ch had been the sole p i g  on a farm 

for four months ( Chapter V ) .  Such env i ronmental surv i va l  wou ld also  

place serious doubts on the va lue of destocking pigs  f rom a piggery in  

an a t tempt t o  eradi c a t e  i nfec t i on .  From the work recorded in  thi s 

thes i s , i t  woul d  appear tha t  pigs should be removed f rom a piggery for 

at leas t one mon th bef ore the env i ronment coul d  be confi d en t ly assumed 

to be f r e e  of S .  s u i s .  Howeve r ,  i f  there is  a reduct i on i n  the 

pathogenic i ty o f  isolates  of s .  sui s  related to the i r  dura t i on i n  an 

i nanimat e  env i r onment , as  has been reported wi th group A s t reptococci 

of  humans , the period of  dest ocking might be shor ter than one mon th.  

Although surviving organi sms might become less  pa thogenic they would 

not necessa r i ly become le ss  infec t iv e .  

St reptococcus sui s was found to  be capable of surviving under  a 

w i d e  r a n g e  o f  labo ra t o ry cond i t i on s .  Associated wi th thi s i nnate 

resi s tance and the fur ther pro tect ive effec t s  of faeces and d i r t , i t  

would be d i f f i cult  t o  rapidly and t o t a l ly remove thi s organi sm from a 

des t ocked piggery. The use of  d i s i nfectant s or  steam cleane r s  does not 

appear war ranted for the spec i f i c  removal of S. sui s  and would only be 

of  value if used to  remove other  ma terial  or  organi sms a l though the 

presence of faeces or d i r t  severely limi t s  the effect iveness  of these 

procedure s .  Wa te r  would appear to be an effec t ive d i luting agent and 

therefore hos i ng out of pens may be one of the cheape s t  and mo s t  

e f f i cient  me thods o f  reducing envi ronmental contaminat i on of  S .  sui s .  

The d e t e c ti on o f  S .  sui s i n  the uterus and vagina o f  p i gs also  

has impo rtant epidem i olog ical imp l i c a t ions . In  the present work , i t  

was shown tha t the pi gle t s  of  sows wi th vagi nas harbouri ng S.  sui s 

t y p e  2 w e r e  i nfe c t ed earlier  than were piglets f rom sows wi thout 

v a g i n a l  i n f e c t i o n .  It  i s  p r obable that the piglets  f rom vag i nal 

carriers we re i nfec te d  during delivery . Thi s hypo the s i s  is  suppo r t ed 

by the f i nd i ng that three of seven piggeries  whi.ch we re stocked wi th 

hys t erectomy de rived pigs we re f ree f rom infection .  In the o ther four 

herd s it i s  presumed that S.  sui s wa s subsequently int roduced into  

these herd s p robably by  contamina t ed vehicles or pe rsonne l .  A l though 

i t  would a ppea r  tha t c losed he rds wi th hys te rectomy der ived s t ock can 

rema in  free f rom S .  sui s , the economic  losses f rom thi s d i sease in New 

Zealand and Queensland would not wa rrant the cos t of des t ocki. ng and 

subsequen t res t ocking on the basi s  of thi s d i sease a lone . 
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A lthough the tons i l  appears to  be the maj o r  s i t e for ca r riage of 

S.  sui s ,  the o rganisms  have been i sola ted f rom many o the r t i ssues and 

f luid s .  In the present s tudy , S. sui s type 2 was i s olated f rom the 

blood of 3% of appa ren tly norma l pigs s laughtered at a mea two rk s .  

Thes e  f indings suppo r t  t h e  wo rk of  C l i f t on-Hadley and Alexander ( 1 981 ) 

who a l s o  d e t e c t e d  ba c t e r a e m i a  i n  hea l t hy pigs . The presence of 

o rganisms in the blood wi ll  l ead to  the d i spe rsion of these organisms 

t o  all body t i ssue s .  The refo re if  a tes t of  hi gh sensi t ivi ty is used , 

s. sui s should be i solated f r om mos t body t i ssues of  a norma l pig wi th 

bac t e raemia.  In the present s tudy , s.  sui s  could be detected i n  the 

l ive r ,  pneumoni c lung , uter i , seminal ves i cles , vaginas and j oints  of 

apparently normal pigs whi ch were s laughtered.  No o rganisms we re ev e r  

demon s t ra ted i n  norma l lung t i ssue , testes , epididymides , cervices o r  

m u s c l e  t i s su e .  Th e s e  r e s u l t s  may no t ind i cate a t rue absence of  

o rgani sms i n  these t i ssues , but  may ra the r be  a ref lection of the 

amount of blood present i n  t hem af ter s laughter.  The assumpt ion that 

the i so la t i on of S.  sui s f rom "diseased" ti ssues i nd i cates  tha t  i t  i s  

t he p rimary pa thogen i s  repud ia ted by the finding of thi s organi sm in  

normal t i ssue . The presence o f  s.  sui s i n  these t issues may be purely 

coinciden t a l  and theref ore c a re should be t aken i n  the inte rpret a t i on 

o f  m icrobi ologi cal  resul t s  which record the i solat ion of s.  sui s .  I t  

i s  obvious t ha t  S .  sui s  can cause primary d i sease , as  was ev ident i n  

the p resent i nve s t igat i on when the pigs i nfec t ed wi th  a human i s ola te 

o f  s .  sui s type 2 deve l oped clini cal  di seas e .  Howeve r ,  s.  suis  would 

a l s o  a p pe a r  to be  p resent f requent ly as a commensal in  the p i g .  

S t reptococcus sui s may b e  more of  an opport uni s t , invad ing t i s sues 

a f t e r  ini t ial  damage o r  i nf e c t i on has occurred . Thus the organi sm may 

p ro d u c e  s e c ondary i n f e c t i o n in the lung a f t e r  i n i t i.al  damage by 

Mycoplasma hyopneumoni ae . There also  appears to be d i f fe rences i n  the 

capab i l i ti e s  of s t rains of S .  suis to invade damaged ti ssue. In No rth  

Ame r i ca , mos t  i.solates of  S .  sui.s  type 2 have been cul tured f rom lungs 

f rom pigs wi t h  enzooti c  pneumonia , but this i s  not reported from ot he r 

c o un t r i e s . The abi. l i  ty  of S.  suis  type 2 t o  act  as a pa thogeni c 

s e co n d a r y  i nvad e r  h a s  i m p o r t a n t  i m p l i ca t i ons i n  re lati on t o  the 

c on t r o l  o f  t he di sea s e .  If the pr ima ry i nsul t can be e l im i na ted , 

r e d u c ed o r  c ont rolled , i t  would follow tha t  the leve l of  d i sease 

" c a u s ed "  by  s. sui s  type 2 would also be reduced . The fail ure to 

cont rol t he primary problem may a ccount for the poor success rate of 

t re a t ing animals infe c t ed wi th thi s  organism as reported by Windsor  

( 1 9 7 7 ) .  Perhaps more empha s i s  should be placed on  inve s t i g a t i ng the 
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p r im a ry i n su l t  ra t h e r t han  on  the secondary invas ion of  s.  suis  

type 2 .  

I n  the p re s ent i nve s t i gation , s .  sui s type 2 wa s also  i sola ted 

f rom the b ra i ns o f  apparent ly norma l p i g s .  The refore the i so l a t ion of 

S. suis type 2 f rom the brains of pigs  with neurological d i s turbances 

should also  be  t reated cautious ly . It is po ssible tha t  some other 

und er lying pathologi cal cause such as  i nfec tion wi th enterovi rus may 

b e  r e s pons i b l e  f o r  producing the c l ini cal s i gns . The presence of  

S .  suis  type 2 in  a "di seased" bra i n  may be a confound ing variabl e or 

it may be there as  a resu l t  of seconda ry i nvas ion after i ni t i a l  damage 

by other organisms.  Thi s  may accoun t f o r  the resul t s  of Hommez et a l  

( 1 9 8 4 )  w h o  i s o l a t e d  h e r p e s  v i r u s  ( t he a e t i o l og i c a l  a g e n t  o f  

pseudorabies o r  Auj eszky ' s  d iseas e )  f rom the brains of 1 3% of  p i gs 

f rom which S.  sui s type 2 was i so la t ed . 

As d i s cussed i n  Chapt e r  VI I I , the high leve l of infect i on i n  

apparen t ly norma l pigs may cons t i tute  an important hea l th r i sk for  

meat-workers . Howeve r ,  i t  would appear that  s t rai ns pa thogeni c for  man 

are e i the r rare , or pr imary fact or s , s imi lar to those d i s cussed for 

pigs , are needed for the development of  di sease. The actual r i sk of  

infection wi th  s .  sui s type 2 i n  heal thy mea t-workers and pi g-farmers 

would appear t o  be ve ry sma l l .  The r i sk to house wives would  be even 

smaller  and the presence of  the organi sm in mea t should  i n  no way 

interfere wi t h  t he cul i nary habi t s  of a popula tion. As many people 

exposed to pigs  had antibody t o  S.  sui s type 2 it  would appear tha t  

infection o f  humans wi th S .  s u i s  ty pe 2 i s  no t uncommon , y e t  serious 

c l i ni c a l  d i s e a s e a p p ea r s  t o  be r a r e . In  thi s respect  there are 

s imi lari t i e s  between the d i sease i n  pigs and humans . The re has been 

l i t t l e  work on the epidemio logy of i nfections of humans wi t h  S .  sui s 

t y p e  2 ,  a n d  t h i s i s  an  a r e a  r e q u i r i ng f u r the r  s tu d y . R e gu l a r  

collec t ion o f  sera from a cohor t  o f  new mea t-workers o r  pig-farmers 

would a llow the d evelopment of  a n t i bodi e s  to  s .  suis type 2 in  thes e  

occupa t ional g roups t o  b e  s tudi ed .  Thi s  would enabl e correla ti ons t o  

b e  m a d e  be twe e n  any rise  in  t i t re s  and the presence of  c linical 

di sease , including mil d  i llnesses whi ch might be a t t ri buted to  other 

causes . Simi larly any seve re c l i n i ca l  cases that develop should be 

i nves tiga ted  in more detai l looking par ticularly for the presence of 

other med i c a l  cond i t ions in the pa t i ents .  I t  is pos sible  that c lini cal 

d i sease i s  found only i n  those i nd ividua l s  who are already comprom i s ed 
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due to s ome o ther i nf e c t i on , d i sease , or medical  cond i t i on.  I f  thi s i s  

indeed the case  then meat-wo rkers and pig-f armers who a re d i abe t i cs , 

affected wi t h  a debi l i ta t i ng cond i t i on or a re immunocompromi sed would 

be a t  a f a r  g r e a t e r  r i sk of c l i ni cal d i sease than the i r  hea l thy 

counterpa r t s .  

I n  c o n c l u s i on , i n fect ion and di sease of pigs due to  s .  sui s 

remains an enigma t i c  condi tion wi th ve ry varied c l i nical  s i gns and 

econom i c  e f f e c t s  in d i f fe rent pa r t s  of the wo rld.  I n t e rna t i onally i t  

would a ppear t o  be of  re lative ly l i t tle  public  hea l th s igni fi canc e .  

However f rom both a mic robiological  and epi demiological v i ew ,  i t  i s  a 

fascina t i ng organism about whi ch there are many unanswe red ques t i ons 

wor thy of further s tudy . 
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APPENDIX I 

REAGENTS  U SED IN TRADITIONAL MICRO BIOLOGICAL TECHNI QUES 

Carbohydrat e solutions 

10  g Peptone 1 

3 g Beef  extract 2 

5 g Sodium Chloride 

1 1 Dist illed wat er 

1 0  ml 0 . 2 % Phenol Red 

( 1  g phenol red 1 in 5 7  ml of  0 . 05 M Na OH)  

All ingredient s were mixed a nd dis solved in d i s t i l led water  and 

aut oclaved at  1 2 1 °C for 1 5  minutes . Aft er s t erilizing 30  ml of  

10%  f iltered c arbohydra t e  solution ( see  below) was added and the 

solution dispensed a septi c a l ly in 3 m1 

cont ainer s . 

Carbohydrate s  

Arabinose 1 

Mannitol 3 

Sorbit o l 1 

Ribose3 

Trehalose 1 

Raf f inose4 

Inulin 1 

Glycogen3 

Salacin 1 

1 Difco Laborat orie s , Detroit , Michigan , U . S . A .  

2 GIBCO Diagno s t ic s ,  Madison , Wisconsin,  U . S . A .  

3 Sigma , St . Louis , U . S . A .  

4 BBL , Cockeysville , Maryland , U . S . A .  

lots  i nto bij oux 
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Other Mic robiologi c a l  Reagents 

Aesculin3 

5 M . R . /V . P .  

Methylene Blue  Milk 
'
Litmus Milk 1 

Arginine 3 

0 . 04% meta  c r e s o l  purple6 

5 

6 

( Prepared by grinding 200 mg meta cresol purple powder in  

2 6 . 7  ml N / 50 NaOH , then diluting to 500 ml  with d i s t i ll ed 

water ) .  

Merc k ,  Darmst adt 

BDH Chemicals  Ltd . , Poole , England 
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APPENDI X  I I  

REAGENTS FOR THE INDIRECT FLUORESCENT ANTIBODY TEST ( I . F . A . T . ) 

Phosphat e  buf f ered saline ( P . B . S . )  

40 . 0  g Sodium Chloride 

1 . 0 g Pot a s s ium di-hydrogen phosphat e  KH2Po4 
1 4 . 5  g Di-sodium hydrogen orthophospha t e  

dod e cahydrate (Na2HPO 4 . 12H20 )  

1 . 0 g Pot a s s ium chloride 

5000 ml Dis t i l led water 

Buf fered glyc erol  mount ing medium 

( a )  sodium carbonat e  

( b )  sodium hydrogen c arbona t e  

( c ) glycerine 

A 0 . 5  M solut ion of sodium c arbonate was made by dis solving 5 . 3  g 

in 1 00 ml of dist illed wat e r  and a 0 . 5  M solut ion of sodium 

hydrogen carbonate  by d i s s o lving 4 . 2  g in 1 0 0  ml of distilled 

wat er . Twenty-f ive ml of the 0 . 5  M sodium carbona t e  solution was 

mixed with  7 5  ml of 0 . 5  M sodium hydrogen carbonate solution . Ten 

ml of this mixture wa s added to 90 ml of glycerine to produce a 

mount ing buf fer o f  pH 8 . 5 .  
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APPENDIX I l l  

REAGENTS USED FOR ELI SA TECHNIQUE 

0 . 0 5  M Carbona t e -bicarbonat e  buf fer pH 9 . 6  

1 . 5 9 g Sodium carbonate  

2 . 9 3 g sodium bicarbonat e  

1 000 ml distil led water 

Ammonium aceta t e -c arbonate  buf f er 

( a )  Ammonium c arbonate  NH4Hco3 . NH2COONH4 

( b )  glac ial acetic ac id 

An ammonium carbonate  solut ion was made by dissolving 1 . 5 7 1 3  g in 

1 litre of d i s t illed wat er . This solut ion was ac idif ied t o  a pH 

of 8 . 2  by the gradual addit ion o f  glac ial acetic acid . 

Phosphat e  buf fered s aline - Tween ( P B S -Tween) pH 7 . 4 

40 . 0  g 

1 . 0 g 

1 4 . 5  g 

1 . 0 g 

2 . 5  ml 

5000 ml 

PBS-Tween-BSA 

l OO ml 

1 g 

sodium chloride 

pot assium di-hydrogen phosphate 

di-sodium hydrogen orthophosphat e  

potassium chloride 

polyoxyethylene s orbitan monoalaurate  

dist i l led water 

PBS-Tween 

Bovine Serum Albumin ( BSA) 8 

7 Sigma Chemi c a l  Company , S t . Louis , U . S . A .  

8 Immuno-Chemical  Produc t Ltd , Auckland , New Zealand 

( Twee n  2 0 ) 7 
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Citric-pho sphat e  buf fer 

Substrate 

1 0 . 5  g Citric Ac id 

1 4 . 2  g di-sodium hydrogen orthophosphate  anhydrous 

500 ml distilled wat er 

2 0  ml 

10 fAg 

1 0  1""1 

c itric -phosphat e  bu ffer 

ortho -phenylenediamine
9 

(OPD) 

hydrogen peroxide 

When t he OPD was dissolved in the buf fer , the solut ion was kept 

in the dark unt i l  j ust before use when the hydrogen peroxide was 

added . 

9Merck , Darmstadt 
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APPENDIX IV 

BUFFERS USED IN INVESTI GATING THE SURVIVAL OF S .  SUI S  

C i tric-phosphat e  buf f e r  p H  5 . 0  

24 . 3  ml o f  O . l  M solution of  Citric acid 

( 1 9 . 2 1  g in  1 000 ml ) 

2 5 . 7  ml o f  0 . 2  M solution o f  dibasic sodium pho sphate 

( 2 8 . 3 9 g in 1 000 ml ) 

50 . 0  ml o f  d i s t illed wat er 

Citric -phosphat e  buf fer pH 6 . 4  

1 5 . 4  ml o f  O . l  M solut ion o f  Citric acid 

3 4 . 6  ml o f  0 . 2  M solution o f  dibasic sodium phosphate 

50 . 0  ml of  dist i l l ed wat er 

Phosphate buf f er pH 6 . 4  

7 3 . 5  ml of  0 . 2  M solut ion o f  monobasic sodium phosphat e  

( 3 1 . 2  g in 1 000 ml ) 

2 6 . 5  ml o f  0 . 2  M solut ion of  dibasic sodium phosphate 

( 2 8 . 3 9 g in 1 000 ml ) 

1 00 . 0  ml o f  d i s t i lled water  

Phosphate buf f e r  pH 7 . 4 

1 9  ml of  0 . 2  M s o lution o f  monobasic sodium phosphate  

81  ml  of 0 . 2  M s o lution o f  dibasic sodium phosphate  

lOO ml  of  d i s t i l led water  
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Phosphat e  buf f er pH 8 . 0  

5 . 3  ml o f  0 . 2  M solution of  monobasic  sodium phospha t e  

94 . 7  ml o f  0 . 2  M solution o f  dibasic sodium phosphate 

100 . 0  ml o f  d i s t illed wat er 

Carbonate-bicarbonate buf f er pH 9 . 2  

4 ml of  0 . 2  M solution of  anhydrous sodium c arbonat e  

( 2 1 . 2  g i n  1 000  ml ) 

46 ml o f  0 . 2  M solut ion o f  sod ium bicarbonate 

( 1 6 . 8  g i n  1 000 ml ) 

1 50 ml o f  d i s t illed wat er 

Carbonate-bicarbonat e  buf f e r  pH 1 0 . 6  

42 . 5  ml o f  0 . 2  M solution o f  anhydrous sodium c arbonate 

7 . 5  ml of  0 . 2  M solut ion o f  sodium bic arbonate 

1 5 0 . 0  ml of  d i s t i lled water 
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APPENDI X  V 

SURVI VAL OF S .  SUI S  IN THE LABORATORY 

FIGURE 1 

SURVIVAL OF S .  SUI S  I N  CITRATE-PHOSPHATE BUFFER (pH 5 . 0 )  
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FIGURE 2 

SURV IVAL OF S .  SUIS IN  CITRATE-PHOSPHATE BUFFER (pH 6 . 4) 
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FIGURE 3 

SURVIVAL OF S .  SUIS IN PHOSPHATE BUFFER (pH 6 . 4) 
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SURVIVAL OF S .  SUI S  IN PHOSPHATE BUFFER (pH 7 . 4) 
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FIGURE 5 

SURVIVAL OF S .  SUIS IN PHOSPHATE BUFFER (pH 8 . 0 )  
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SURVIVAL OF S .  SUI S  IN CARBONATE-BICARBONATE BUFFER (pH 9 . 2 ) 
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FIGURE 7 

SURV IVAL OF S .  SUIS IN CARBONATE-BICARBONATE BUFFER (pH 10 . 6 )  
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FIGURE 8 

SURVIVAL OF S .  SUIS AT -2ooc 
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SURVIVAL OF S .  SUIS AT 4oc 
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FIGURE 10 

SURVIVAL OF S .  SUIS  AT ROOM TEMPERATURE ( 170 to 240C ) 
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SURVIVAL OF  S .  SUIS AT 37oc 
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FIGURE 12  

SURVIVAl OF  S .  SUIS AT 45oc 
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FIGURE 13 

SURVIVAl OF S. SUI S  AT 6QOC 
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FIGURE 14 

SURVIVAL OF S .  SUIS  IN A 20% SALINE SOLUTION 
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FIGURE 15 

SURV IVAL OF S .  SUIS IN A 10% SALINE SOLUTI ON 
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FIGURE 16 

SURVIVAL OF S. SUIS IN A 6 . 5% SALINE SOLUTION 
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FIGURE 17 
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SURV IVAL OF S .  SUIS  IN A 2 . 5% SALINE SOLUTION 
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FIGURE 18 

SURVIVAL OF S. SUIS IN A 0 . 9% SALINE SOLUTION 
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FIGURE 19 

SURVIVAL OF S .  SUIS IN A 0 . 1% SALINE SOLUTION 
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Skin Disinfectant 

2 00 ml 

300 ml 

1 500 ml 

Heparinized Saline 

1 ml 

9 9 9  ml 

APPENDIX VI 

Hibitane 

Dis t illed wat er 

Methylated spiri t s  

Heparin 1 0  ( 2 5 , 000 units/ml ) 

Phosphat e  buf fered saline 

1 0  Weddel Pharmaceutic a l s , Sydney , Australia 

3 3 3  
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