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ABSTRACT 

A s t udy was made of  the e f f i cacy and adverse e f fects  of  an 

i nac t iva t ed Brucella ovis  sal ine- in-oi l  vacc ine admin i s t ered e i ther 

once or twice by e i ther the subcu taneous or the intrape r i t oneal route . 

Seven Brucella ovis  i sola tes from vari ous sources , including t he 

two used i n  the manufacture o f  the Brucella ovi s  vaccine , were 

subj ec t ed to  Bac t er i al Res t r i c t ion Endonuclease Analys i s  and no 

gene t i c  d i f ferences were found . I t  was concluded that there i s  

probably only one s t ra i n  o f  the organ i s m .  

I t  was found t h a t  rams vaccinated b y  the subcu t aneous route i n  

the neck i nvariably developed a palpable i n flamma tory les ion a t  the 

s i te of i nj ec t ion . The l es ions had a mean d i ame t er of approxima t ely 

3cm , about one- t h i rd of them d i s charged , and the maj or i ty pers i s t ed 

for a t  l eas t one year after vaccina t i on .  These les ions were chron i c  

granulomatous inflammatory reac t i ons arranged around drople t s  o f  t he 

o i ly Brucella ovi s  vacci ne .  

The i ntraperitoneal route o f  vacci nati on has been advocated i n  

the pas t as a way o f  avo id ing v i s i ble les i ons . Necropsy o f  vacci na t ed 

animals revealed that in ov�r 50% o f  cases , at least some o f  the 

vacci ne admin istered by thi s  technique fai led to reach the cav i ty and 

was depos i ted e i ther beneath the par i e tal peri t oneum or between the 

muscles o f  the abdom inal wal l .  Regardless of  the s i te of  depos i t ion , 

however ,  the vac c ine always provoked a chronic granulomatous 

inflammat i on of  the t i s sues with whi ch i t  came into cont act . Changi ng 

from a subcutaneous to an i ntraperitoneal vaccinati on techni que merely 

moved the reac t i on to a s i t e  where it was less v i s i ble . 

�erological stud ies us i ng the Brucella ovis  complement  f i xa t i on 

t es t ,  gel d i f fu s i on test and enzyme l i nked i mmunosorbent assay 

demonstrated a cons i sten t d i fference i n  t he an t i body res ponse o f  rams 

vac cinated by the s ubcu taneous techni que in compari son with thos e  

vac cinated by the i ntraperitoneal techni que . Those vacc inated by the 

ii. 



subcu taneous rou te  generally developed an t i body t i t res more rapi dly 

and o f t en had higher peak t i t res. 

In the same way, animals vacc inated twice by e i ther  rou te  

general ly had grea ter and more pers is tent an t i body t i tres than those 

vaccina t ed once by the same me thod. 

The d i f ferences in the serological response of rams to d i f feren t 

vaccina t ion techniques were reflec ted by s i mi lar di f ferences i n  

res i s t ance t o  experi mental infect ion. The admi nis t rat ion o f  an 

inac t ivated Brucella ovis sal ine-in-o i l  vacc ine by any of the 

techniques s tudied s ign i f i can tly increased res is tance to  challenge by 

the i n t ravenous rou te. 

to be  more effec t i ve 

technique appeared to  

me thod. 

However, two s paced doses of vacc ine appeared 

than a s i ngle dose, and the subcu taneous 

be more effect ive than the i n t raperi toneal 

Us i ng i n t ravenous inocula t i on ,  the number of bac teria  requi red 

to  infect 50% o f  unvaccinated ani mals was es t i mated to  be 9 . 5  x 104 

o rgan isms . The adminis t rat ion o f  a s ingle dose of vacci ne by the 

i n t rape r i toneal t echnique rai s ed that f igure to  approxima tely 

6 . 7  x 1 06 , and the admi n i s t ra tion o f  two doses of vacci ne by the 

subcu taneous route  rai sed i t  to approxima t e ly 6 . 8  x 107 • 

A viable count  o f  the number of  Brucella ovis bacteria  present 
in the semen o f  an infec ted ram showed that at  leas t 3 x 109 o rgani sms 

could be excre ted i n  a s ingle ej acula te. Thi s  was over 31,000 t i mes 

the number requ i red to  infect 50% o f  unvaccina ted rams a f t e r  

i n t ravenous i noculat ion and 4 4  t i mes t hat  requi red to  i n f e c t  50% o f  

animals vaccina ted twice b y  t h e  subcu taneous rou te. There i s  

therefore a real pos s i b i l i ty tha t  natural challenge through homosexual 

ac t i v i ty may resu l t  in the infec t ion of even vaccinated rams. 
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I t  was concluded that i f  vaccina t ion i s  to be used as a means o f  

controlling the spread o f  ovine brucellos i s , a programme o f  two doses 

o f  vaccine adminis t ered at  an interval of a t  leas t four weeks should 

be employed . The second dose o f  vaccine should be adminis tered at 

leas t four weeks before the an t i c i pa t ed period of  risk .  I f  t h i s  

method of  con trol i s  adop ted , a palpable les ion at t h e  s i te o f  

inj ec t ion whi ch i s  l i kely t o  pers i s t  f o r  over a year should b e  
expec t ed .  I t  should also b e  unders tood that rams vaccina ted i n  t h i s  

way may n o t  b e  to tally res i s tant to Brucella ovis  and may s t i ll become 

infec ted . 
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CHAPTER 1 

LITERATURE REVIEW 

Duri ng the decade 1940-1950 , i t  became clear tha t epididymi t i s 

in  rams was an i mpo rtant  cause of  reproduc t ive was tage in  Aus tralian 

and New Zealand sheep flocks . In 1942 i t  was reported by Gunn , 

Sanders and Granger that approximately 5 . 5% of  9 , 000 rams examined i n  

Queens land and New Sou th Wales had a c l i n i cal abnormali ty whi ch these 

workers called '' epididymi t i s  wi th sperma tocoele" . Al though no 

bacteria were isola ted during this inves t iga t i on , a bac terial  cause 

was suspec t ed from the epidemio logical evi dence . It  is h ighly l i kely 

that mos t of  these les ions were caused by Brucella ovi s . 

In New Zealand , concern abou t the prevalence of e p i d i dymi t i s  i n  

rams was expressed by Crawford in  1949 , and in 1952 McFarlane , 

Sali sbury , Osborne and Jebson repor ted f i nding an organ i s m  desc r i bed 

as "Ricke t ts i a- l i ke"  during an inves t igat i on o f  abo r t ions in  a f lock 

near Mas te r t on . This  organism ,  whi ch was i solated from infected 

p lacentas , was ac id-fas t when s tained by the Modi f i ed Z i ehl-Neelsen 

me thod ( S tamp , McEwen , Wa t t  and Nisbe t ,  1 950 ) . I t  was though t t o  be 

an organism  s im i lar to  that  repor ted by S tamp e t . al .  ( 1950 ) as caus i ng 

abor t i ons in  Sco t land , although pre l i minary tes ts demons t rated some 

bas i c  d i fferences . Because of  the s i mi lari ty to  the enzoo t i c  abo r t i on 
agent ,  a chlamyd i a ,  repor ted by Stamp , the New Zealand i s olate  was 

cul tured in chick embryos un t i l  i t  was real i s ed that i t  could be grown 

on blood agar under mi croaeroph i l i c  cond i t i ons ( Lawrence , 1961 ) . 

An addendum to  the repor t  o f  McFarlane e t . al .  ( 1952 ) noted that  

the same gram-nega t ive coccobaci l lus had been recovered f rom rams w i th  

e pid idymi t i s , and that typ i cal cases of  both  the  abo r t i on and the  

e pid idymi t is syndromes could be  produced by  inoculat i on o f  the  

organism  i n t o  suscep t i ble ewes and rams . 
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During 1953 , the phys ical and me tabol i c  charac teri s t ics  o f  the 

organ is m  were desc r ibed both in New Zealand ( Buddle and Boyes , 1953)  

and in Aus tralia ( S immons and Hall , 1953 ) .  I t  was described as a 

small gram-negat ive bacillus , non-s po ring and non-mo t i l e .  Grey i sh 

whi te colonies O . Smm in diame ter could be seen after 48 hours 

incuba t i on on blood agar in  10% C0 2 at 37 ° C ,  and the organism was 

acid- fas t when s tained by the Mod i f ied Z i ehl-Neelsen techni que . 

( Budd le and Boyes , 195 3 ) . The New Zealand wo rkers concluded from the 

var i ous phys ical and b i ochemi cal proper t i es of the organ ism  tha t  i t  

was a member of  the genus Brucella , and further , that i t  was pos s i bly 

a var i e ty of  Brucella mel i tens i s . In 1956 , Buddle repor ted the 

resul ts  of further b iochemical and serologica l  inve s t iga t i ons in  whi ch 

the ovine organism  was shown to have d i f ferent character i s t i cs to  the 

three " clas s i cal"  Brucella species : Brucel la abo r tus , 

Brucella meli tens i s  and Brucel la sui s . 

variant be given the name Bruce lla ovi s . 

He sugges ted that this  new 

Dur ing the 1950s , reports  o f  what  appeared to be the same agent  
caus i ng epididymi t i s  i n  rams came from workers in Europe ( Gdov i n , 

Hrudka , Chladecky and Koppel , 1955 ) , the U . S . A .  (McGowan and 
Shul t z , 1956 ) , and Sou th Africa (Van Rensburg , Van Heerden , Le Roux , 

Snyders and Van Heerden , 1958 ) . 

EPIDEMIOLOGY 

The prevalence of Brucella ovi s  infect i on has been found to  

d i f fer wi dely between individual flocks o f  rams . An erad i c a t ion 

programme i n  Tasmania using serologi cal t e s t i ng was begun in 1959 . A t  

t h e  ini t ial tes t 1 8 %  of  a l l  ram f locks were found t o  be affected , w i th  

the prevalence o f  i n fec t i on wi thin them ranging be tween 10% and 74% 

( Ryan , 1964 ) . The prevalence of c l i n i cal epid idymi t i s  is no less 

variable . Al though Gunn e t . al .  ( 1942 ) reported a 5 . 5% prevalence i n  

9 , 000 rams, and this  figure has been largely subs tan t iated by several 

o ther workers ( Moule , 1950 ; Osborne , 1955 ) , i t  was found that a 

minori ty o f  farms had a prevalence close to the average , and that the 

f i gure vari ed widely be tween prope r t i e s , from n i l  t o  over 50% 

( Os borne , 1955 ) . 
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The prevalence o f  Bruce lla avi s infec t i on appears to  have 

declined under the impac t of control measures . In the decade 

1954-1964 , 39% of s peci f i c  pathogens isolated from ram tes t i cles 

submi t t ed to New Zealand diagnos tic  s t at ions were Brucella avi s ,  but 

in  1965-1966  only 7% were Brucella ovis ( Ekdahl , Money and 

Mar t i n ,  1968 ) . I t  is poss ible , though , that this decl ine reflected 

the avai labi l i ty o f  o ther me thods of d i agnos ing the di sease ( e . g .  

s erology ) . 

Reports  in recen t t imes have indi cated that the level o f  

i n fec t ion i n  af fec ted ram flocks can s t i l l  be very high . 

B ruere ( 1982 ) repor ted the prevalence of  infec t io n at f i r s t  tes t i ng to  

be be tween nil  and 75 %  in  49 New Zealand flocks under a Brucella avis  

accred i t a t ion scheme . Hughes ( 1972a)  repor ted that wi thin  infec t ed 

f locks , the infec t ion level was commonly be tween 10% and 40% but  

ranged f rom 5%-1 00% . A recen t survey car r i ed out  in  New Zealand 
es t imated the overall p revalence of infec t ion i n  rams in New Zealand 

to be approxima t e ly 3% , wi th the average p revalence on infe c t ed 

prope r t ies being 5% for s tud farms and 1 1% for commercial prope r t ies 

( Bruere , 1982 ) .  

Natural i n f e c t ion by Brucella av is  has only been recorded i n  

shee p .  Infected rams excrete  Brucella avis  i n  the i r  semen , and t h i s  

is  a n  i mportan t  fac tor  in the epidemiology o f  t he disease . Rams can 

excre t e  the organi sms for at leas t two years (Har t ley , Jebson and 

McFarlane , 1955 ) and p robably indefini t ely . Ewes ma ted to infected 

rams can become i n fec ted , develop sero logi ca l  t i tres and produce dead 

lambs wi th  gross ly d i s eased placen tas ( Buddle , 1955 ) . The syndrome 

caused by Brucella avis in  ewes seems to be much less common ly 

observed than the d i s ease i n  rams . Ewes a ppear to be rela t i vely 

res is tan t  to  i n f e c t ion , even those f rom f locks having a h i gh 

propor t i on o f  ac t ively infec ted rams ( Har tley e t . al . , 1955 ) . 

Infec t i on in  the ewe seems rarely to pers i s t  from one breed ing season 

to  the next ( Har t l ey et . al . , 1955 ; Buddle , 1 955 ; Muhammed , Lauerman , 

Mes f i n  and O t i m ,  1 9 75 ) . Transmi s s i on from ewe to  ewe could not  be 

demons trated by Buddle ( 1955 ) when infec ted and un infec ted ewes were 

grazed together during pregnancy or when uninfected ewes grazed 

pas t ure previ ously contami nated by i n fe c t ed ewes. The evidence 
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sugges ts tha t the di sease in  ewes is  con tracted by the venereal rou te  

dur i ng ma t i ng wi th infec ted rams . 

Rams can become infec ted by ma t i ng wi th a ewe previously served 

by an infec ted ram during the same oes t rus period ( Buddle ,  195 5 )  and 

also by d i rec t  con tac t  wi th infected rams ( Brown , Pietz  and 

Price , 197 3 ) . Rams allowed to graze pas ture heav i ly con taminated wi th 
Brucella ovis from the diseased placen tas and d i scharges of  infec ted 

ewes fai l  t o  develop infect ion ( Har t ley e t . al . , 1955 ) . I t  therefore 

appears tha t  d i rect  con tac t  wi th infected an imals is  requi red for the 

t ransmiss ion of  the di sease to rams , and that the route is  venereal . 

The o bservat ion o f  Hart ley e t . al .  ( 1955 ) tha t faecal ma terial i s  

some t imes p resent in  t he p repuce o f  rams , and t he fac t that ram t o  ram 

t ransmi s s i on of the d i s ease occurs in the absence o f  ewes ( Brown 

e t . al . , 197 3 )  impl ies that homosexual ac t iv i ty p lays an importan t  par t 

i n  the epidemiology o f  this d i sease , espec ially out s ide the ma t ing 

period . Such homosexual activi ty is commonly seen in  the f i eld , 

par t i cu larly when rams are conf i ned i n  s mall  areas such as yards and 

shear ing sheds . I t  has been shown , also , that  active infec t ion can 

develop in rams exposed to Brucella ovis  by rec tal inocula t i on 

( Gorr i e , 1957 ; J . Y . McDonald and J . H .  Grainger ,  personal 

commun i ca t ion , 1984 ) , and it is now widely accepted that this  is an 

i mpor t an t  rout e  of  t ransmi ss ion . Animals have also been infe c t ed 

experimen tally by the int ravenous , subcutaneous , conj unc t ival , 

p repu t ia! , oral , nasal , in trates t icular and i n t raep i didymal rou tes 

( Simmons and Hall , 1 953 ) . 

The poss i bi l i ty has been rai sed that this  d i s ease could be 

transmi t ted through the mucous membranes o f  the mouth , nose and eye as 

animals inves t igat e  each o ther by l i cki ng and sni ff i ng ( Buddle , 1955 ) . 

I f  t h i s  i s  the cas e ,  the potent ial ex i s t s  for t ransmis s i on through 

fenc ing barriers . However this  rarely s eems t o  happen . A f lock o f  

unin fec ted rams can be grazed o n  the same farm as a flock o f  infected 

rams wi th only a fence be tween them , and yet  remain uninfec t ed . ( D . M .  

Yes t , personal communi cat ion) . These observat i ons i nd i ca t e  tha t  

close , int imate con tact  i s  requi red f o r  the t ransm i s s i on o f  the 

di seas e .  
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PATHOLOGY 

Brucella ov is  infect ion in  the ram is characterised clinically 

by the presence of palpable abnormali t ies o f  

( McFarlane e t . al . , 1952 ; McGowan and Shul t z ,  1956 ; 

the epididymis 

Kennedy , Fraz ier  

The mos t common and McGowan , 195 6 ; Van Rensburg e t . al . , 1958 ) . 

les ion is enlargemen t of  the t a i l  of the epid idymi s ,  wh ich is  usually 

un i l a t eral in the early s t ages , and the head of the epididymis is  the 

nex t mos t frequen t ly affec t ed s i te (Van Rensburg e t . al . , 1958 ) . 

The gross and microsco p i c  pa thology of  this  cond i t ion was 

described by Jebson , Har tley ,  McClure and McFarlane ( 1955 ) . These 

i nves t igators no t i ced that there seemed to be two dis t i nc t types of  

reac t i on in  the na turally infec ted rams used for this  s tudy , one being 

an ' 'acu t e "  reac t ion and the o ther " chron i c "  i n  nature . The "acu t e "  

reac t i on was charac teri sed in  t he l i ve an imal b y  a palpable ho t doughy 

swe l l i ng of the sc ro tal con ten t s  on the affec t ed side . Post-mo r t em 

examina t ion revealed inflammatory oedema of  t he loose scro tal fascia 

wi t h  f i brinous exudat e ,  hyperaemia  and early granula t i on t i ssue 

forma t i on in t he epididymi s  and tunica vaginal i s . The s ever i ty o f  t he 

reac t i on ranged from s l ight oedema t o  ex t ens i ve i n flamma t i on and 

granula t i on . 

The more commonly encoun tered " ch ron i c "  react ion was 

characterised by a palpably enlarged , hardened epid i dymis on e i t her  

one o r  both  s ides , whi ch mos t commonly involved the  t a i l  o f  the  organ . 

A t  necropsy , there were varyi ng degrees o f  thi ckening and f ibros i s  o f  

t h e  v i sceral and par i e tal tunics , wi th 

adhesi ons . These reduced the mo t i l i ty 

the development of  f i b rous 

of the t es t i s  w i t h i n  t he 

s crotum .  The epid i dymis o f t en contained cavi t ies f i lled wi t h  

par t ially inspissated s perma t i c  flui d .  

also seen on occas ion . 

Ex t ens i ve calci f i cat ion was 

The acute rea c t ion is characteri sed microscopically by 

lymphocy te and plasma cell i n f i l trat ion , and is followed by the 

format ion of granula t ion t i ssue and u l t i ma tely by f ibros i s . The duc t s  

o f  the epid idymis may show epi t helial hyperplas i a ,  and t h e  forma t i on 

o f  in t raep i thelial cys t s  ( Kennedy e t . al . , 1956 ) . Yhen extravasat ion 
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o f  sperm occurs as a resul t of  tubular rupture , the degenerat i ng 

sperma tozoa are surrounded by gian t  cells whi ch are bounded by 

peri pheral zones o f  granulat ion t i ssue and f i bros is 

( Jebson e t . al . , 1955 ) . The tes t i s  on the affec ted side some t imes 

becomes at rophic  or fi brosed , and according to Jebson e t . al .  ( 1955)  

this is associa ted wi th the comple te blockage o f  the epi d i dymi s .  

In 1964 , B i bers tein , McGowan , Olander and Kennedy s tudied the 

pathogenes i s  of  an experimental infect i on in  48  rams inocula t ed by the 

conj unc t i val route . The bac teria were con f i ned to the local s i te at 

the conj unc t iva for the f i rs t  week , and could then be i solated f rom 

regional lymph nodes . Bac teraemia  began at  two weeks and con t inued 

for two mon ths . The organism gradually d{sappeared from mos t body 

organs apar t from the geni tal t rac t al though i t  was occas i onally 

isolated f rom the spleen , kidney and l iver , and from urine . 

Al though epididymi tis  is  charac teri s t i c  of the disease in  rams , 

i t  is by no means d i agnos t i c ,  as s i mi lar les i ons may be produced by 

o ther agen t s  (Ekdahl e t . al . , 1968 ) . Conversely , the absence o f  

geni tal les i ons does n o t  imply that Brucella ovis infe ct i on i s  not  

presen t . Hughes and Clax ton ( 1968 ) found in  one trial that  only 36% 

of 88 rams w i th bacteriologi cal evidence of i nfec t i on had palpable 

les ions , and Jebson , Har tley and McFarlane ( 1954 ) d i scovered that 
Bruce lla organisms were of ten excreted i n  the semen b o t h  before 

les ions developed and after they had subs ided . 

Repor t s  on the e f fects  o f  B rucella ovi s  i n fec t i on i n  ewes have 

been rare in comparison wi th the large volume of i nforma t i on 

concerni ng t he syndrome in  rams , but  there is  l i t tle doub t that t h i s  

organi sm i s  qui t e  capable o f  causing occas i onal abo r t i ons 

( McFarlane e t . al . , 1952 ) . Hughes ( 1972a)  refuted the m i sconcep t i on 

that outbreaks of  abort ion were common , and repor t ed that  the mos t 

f requen t consequences o f  infect ion were s porad i c  lamb dea ths a t  full  

term , and that  many lambs wi th d i s eased placen tas survived to  

ma tur i ty .  The mos t cons i s tent les i ons are in  the  placen t a , and were 

descri bed by McFarlane et . al .  ( 1952 ) as oedema , thi ckeni ng ,  and 

plaque-like yellow les ions in the i n t ercotyledonary areas whi ch tended 

to coalesce to form areas resembl ing chamois  leather . Mollelo , 
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Jensen , F lint  and Collier  ( 1963 ) described the mos t  obvious feature as 

the abundan t yellow tenacious exudate in the interplacentomal areas . 

Har tley ( 196 1 )  repor ted that app rox imately 50% o f  the lambs born wi th 

d i seased membranes had calci f i ed plaques on the hooves and accessory 

d i gi ts . 

From h i s tologi cal s tud ies , Har t ley ( 1961 ) concluded tha t the 

organ i sms mul ti pl ied in the chorionic epi thelial cells , even tually 

causing cell rupture to release large numbers of  bac t er i a  whi ch 

reinfec ted o ther cells , this process res u l t i ng in  severe i n flamma t ion 

of the mesenchyme , vascul i t i s  and subsequent i schaemic necros i s .  I t  

was also though t that at a later  s tage , Brucella ov i s  organi sms 

mul t i p l i ed i n  the t rophoblas t i c epi thelium at the edge o f  the foe tal 

co tyledons , again  caus ing i nf lamma t i on ,  necros i s  and some t imes 

even tual calci f i cat i on .  Brucella ovis  organi sms were some t i mes found 

in the t i ssues of the lamb i t sel f .  Har t ley ( 1961 ) bel i eved tha t i f  

cotyledonary necros i s  occurred the lamb would probably d i e  i n  u t ero , 

but that full-term lambs could be born even when s evere 

in terco tyledonary les ions were present . 

Mollelo et . al .  ( 1963)  s pecula ted that abo r t ions might resul t 

f rom the accumula t ion of exudate caus ing separat ion of  the placen t a  

f rom t h e  uterus . Hughes ( 19 7 2 b )  though t i t  l i kely that the 

placen t i t i s interfered wi th  foe tal nut r i t ion , resul t ing in lambs o f  

low b i r th-weigh t .  

Vhen an uni nfec ted ewe i n  oes trus i s  inseminated by an infec t ed 

ram , vag i n i t i s  and cervici t is may develop (Van Rensburg e t . al . , 1958 ) . 

Thi s  i s  a shor t  term reac t i on ( 24-48 hours ) bu t may recur a t  the 

fol low i ng oes trus , and the poss i b i l i ty exi s ts tha t  t h i s  has some 

e f fe c t  on reprodu c t ive e f f i c i ency . 
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ECONOMIC SIGNIFICANCE 

The econom i c  importance of  Brucella ovis infec t ion resu l t s  from 

the reduc t i on in  fe r t i l i ty ,  the culling of af fec ted rams ( especial ly 

in  s t ud f locks ) , and the cos t of  con t rol programmes . Ryan ( 1 964 ) , i n  
a paper dealing w i th the erad icat ion of  ovine brucellos i s , noted tha t 

al though ram breeders usually favoured erad ica t i on ,  some veterinarians 

ques t i oned the impor tance of the disease in  commerc i a l  ( "grade " )  

flocks . Ryan commen ted also tha t es t i mates o f  ram fer t i l i ty based on 

the evalua tion of semen samples might fai l to assess the abi l i ty o f  

the ram t o  de l i ver adequa te numbers of  spermatozoa under the 

cond i t i ons of frequen tly repeated ej aculat ion wh i ch p r eva i l  dur ing 

f lock ma t i ng .  This  me thod might there fore minimise  the impor tance o f  
Brucella ovis infect ion under fi eld cond i tions . 

There i s  now cons iderable evi dence that 

s igni f i can tly reduce reproduct i ve performance 

Several workers have demons trated that there i s  

Brucella ovis can 

in an i nfected flock . 

a redu c t i on in  the 

f er t i l i ty of  i n fec ted rams . 

qual i ty ( Gunn e t . al . , 1942 ; 

This involves both a redu c t i on i n  semen 

Jebson et . al . , 1 954 ; McGowan and 

Dev ine , 1960) and a reduct ion in the concept i on rate o f  ewes ma ted t o  
a f fec ted rams ( Buddle , 1955 ; McGowan and Devi ne , 1960 ; Plan t , 197 7 ) . 

A redu c t ion i n  the breed ing performance o f  infec t ed ewes also 

con t r i bu tes to  the reduced reproduc t i ve e f f i c i ency of the f lock . 

Hughes ( 1972b)  repor ted that ewes i nocula t ed intravaginally wi t h  

B rucel l a  ovi s  on the day they were mated had a lower non-re turn ra te , 

lower lambing p ercen tage and lower percentage o f  lambs reared than 
unexposed ewes . It was also reported that the b i rth weights of lambs 

born to ewes showing a four-fold increase in Brucella ovi s  complement  

f i xa t i on t i tr e  after  experimental exposure were s i gn i f i can t ly lower 

than t hose o f  lambs born to  ewes negat ive to  the complement  f i xa t i on 

t es t . There was no s ign i f i can t d i f ference i n  the mean ges ta t i on 

leng ths o f  these two groups ( Hughes , 1972b ) . 

B ruere ( 1 982 ) repo r t ed the f ind ings o f  Qui nlivan i n  New Zealand 

whi ch rea f f i rmed the poor breed ing performance of ewes mated t o  

i n fec t ed rams . There was an average reduc t i on o f  13% i n  the number o f  

lambs docked when compared wi t h  ewes ma ted to  uninfec t ed rams , and i n  
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one f lock the d i f fe rence was as large as 44% . 

The work o f  Hughes ( 1 97 2b )  us ing exper imen tally i n fec ted ewes 

demons trated tha t  Bruce lla ovis increased 

fai lure , embryon i c  death , abor t i on , and 

under-we ight lambs . All these findings 

losses 

the b i r th 

clearly 

from concep t i on 

o f  weak or 

ind i ca t e  that 

s i gn i f i can t bene f i t s 

d i sease . In fac t , 

could accrue from a t temp ts  to con t rol  the 

as early as 1949 , Crawford reported that in the 

o pin ion o f  sheep farmers , his work of  examining rams and rej e c t ing 

those wi th " permanent les ions " had resu l t ed in  a more even lamb drop 

and fewer dry ewes . Flocks which had had the i r  rams examined had a 

lamb ing percen tage 6 . 7% and 4 . 8% above the average for the area i n  the 

years 1947 and 1948 respec t ively . 

DIAGNO SI S 

At  f i rs t , d i agnos i s  of  Brucella ov i s  infect i on i n  rams relied 

almos t en t i rely on the detect ion of  epid idymi t is by palpa t i on o f  the 

s crotal con ten t s . Thi s  is known to be an unre l i able  guide to 

i nfect ion in i nd i v idual rams , as infec ted animals o f ten excre te  

B rucella ovi s  in t he i r  semen wi thout hav ing any palpable abnormal i ty 

o f  the scro tal con tents ( Jebson e t . al . , 1954 ; Edgar , 1959 ; Hughes 

and Clax ton , 19 68 ) . However , t he technique is s t i ll use ful on a f lock 

bas i s , and par t i cularly as a me thod of rou t i ne surve i l lance in f locks 

wi th no recen t h i s tory of the d i sease . 

Semen samples collected from suspect  rams can be a very useful 

source of d i agnos t i c  in format ion . Smears o f  semen can be s tained by 

the mod i f i ed Z i ehl-Neelsen me thod ( S tamp et . al . , 1950) and exami ned 

for the presence of acid- fas t coccobaci lli . Edgar ( 1959 ) and Hughes 

and Clax ton ( 1968 ) found this  qui te  a reli able guide to  i n f e c t i on . 

However o ther workers , such as B i bers t e i n  and McGowan ( 1958 ) concluded 

that because many smears produced doubt ful resul t s , only an 

unequivocally pos i t ive find ing had any meaning .  They also found tha t  

one ej aculat e  m i ght  con tain large numbers of  bacter i a  whi le the nex t 

s ample from the s ame ram migh t  not  contain  any . The cul ture o f  the 

B rucella o v i s  organism  from a semen sample i s  d e f i n i te  proof o f  
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infect ion , but a nega t ive resu lt  is more d i f f i cul t to i n t e rpre t . 

Edgar ( 1959 ) though t i t  neces sary to have nega t i ve results  f rom three 

semen samples to give a reasonable assurance that the ram was 

uninfec ted , and B i bers tein  and McGowan ( 1958 ) concluded that nega t i ve 

cul tures were inadequate as proof of the absence of  ' i n fect i on . 

Intermi t t ent  excre t i on of the organism was also repor ted by Hughes and 

Clax ton ( 1 968 ) . 

Ano ther problem associated wi th using semen as a source o f  

d i agnos t i c  informa t ion i s  that con tamina t i on of  the sample by more 

rapidly g rowi ng bac teria  and subsequen t fai lure to isolate  

B ruce lla ovis 

McGowan , 1958 ; 

there are the 

from in fected samples may occur ( Bi bers tein  and 

Edgar , 1959 ; Hughes and Clax ton ,  1968 ) . In  add i t i on 

ins tances of fai lure to obtain  a semen sample , or  the 

collec t i on of  accessory gland fluid only , and these are not  uncommon 

( Hughes and Clax t on , 1968) . The value o f  the procedure i s  heav i ly 

dependen t on the qual i ty of the sample , wh i ch to some ex tent i s  

determi ned by t h e  ski l l  and experience of  t h e  ve terinarian involved . 

Geographi cal fac t ors such as d i s tance from the laboratory and 

therefore the delay b efore the samples are processed also have an 

e f fec t . 

Because the collect ion of  semen samples i s  so labour i n t ensive  

and t ime consuming , i t  i s  unsui table as  a s creeni ng t es t  for large 

numbers of animals . Edgar ( 1959)  commen ted that a more accurate  and 

prac t i cal diagnos t i c  me thod was des irable , but no ted tha t  the 

vaccina t ion programme which had commenced in New Zealand would make 
the app l i ca t ion o f  any serological tes t  more d i f f icul t . 

A delayed- type hypersens i t ivi ty i n t radermal skin tes t ,  s im i lar  

to  th e  bovine tuberculin tes t but  using fo rmal in-ki l led Brucella ovis  

in  sus pens i on , was des cribed b y  Hall ( 1955 ) . There was a pos i t ive  

correl a t i on be tween t he tes t  results  and the presence o f  e p i d i dymi t i s  

i n  experimen tally i nfec ted animals . Cedro ( 1963)  described a s im i lar 

tes t and con f i rmed i ts usefulness by cul turing the o rgani sm f rom 

animals whi ch had no les ions but wh ich did have a pos i t i ve react i on to  

th e  t es t .  Thi s  me thod of  diagnosis  has no t been used to  any great 

ex t en t . 
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There was a recogn ised need for a s i mple blood tes t  to de termine 

the pres ence or absence of  infect ion in large numbers of an imals 

(Clapp , 1955 ) . The removal of rams w i th palpable les i ons was not  

success ful in r idd i ng flocks of infec t i on and the detect ion o f  

asymp toma t i c  carri ers was cons idered essen t ial to  any successful 

eradicat ion programme ( B ibers tein  and McGowan , 1 958 ) . 

Early exper iments us ing serum aggl u t i na t i on tes ts were hindered 

by the inab i l i ty to  prepare an an t igen suspens i on of sat i s fac tory 

s tabi l i ty ,  and researchers began to inves t iga t e  the poss i b i l i ty o f  

us ing a complement  fi xa t ion test (Clapp , 1955 ) . The developmen t o f  

this t e s t  was in  turn hindered by the an t i complemen tary act i v i ty o f  

the an t igen , but the p roblem was par t i ally ove rcome by i ncubat ing the 

bacte rial cells wi th  complemen t and gui nea pig serum for 30 minu tes  

(Clapp , 1955 ) . B i bers tein and McGowan ( 1958 ) described an  an t igen o f  

low an t i complemen tary ac t i vi ty which had been obtained by son i c  

d i s i n t egrat ion o f  bac terial cells . I t  was demons t ra t ed by 

Clapp ( 1 961 )  tha t the an t i complemen tary ac t i v i ty of an an t igen was 

related to  the p resence of cell debr i s . Because there were some 

d i f f i cu lt i es as sociated wi th the complement f ixa t i on tes t ,  Ris and Te 

Punga ( 19 6 3 )  decided to inves t iga te al terna t i ves , and des cribed an 

ind i re c t  haemagglut ina t i on test  wh i ch appeared to be reasonably  

speci f i c ,  although there was some cross-reac t ivi ty wi th  an t ibod i es t o  

Brucella abor tus S t rain  19 . 

York con t i nued on the complemen t f ixat ion tes t ,  and i n  1968  

Hughes and Clax ton repor t ed i t  to have good speci f i c i ty and 

sens i t iv i ty ,  al though flocks where vacci na t ion was carried out  

produced confus i ng resul t s . 

The complemen t f i xa t i on tes t  became the mos t wi dely used 

serologi cal d iagnos t i c  tes t for Brucella ovis  infec t i on ,  and i n  1974  

the  developmen t of  an  au toma ted vers i on o f  the  "warm" complemen t 

f ixa t i on tes t , s im i lar to the au toanalyse r  tes t for Brucella abor tus  

i n  cat t le was descr i bed (Yeddell , 1974 ) . 
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Ris  ( 1974)  demons trat ed that a " cold " complement f ixa t i on tes t , 

in wh ich sera were i ncuba ted wi th an t igen and complemen t for 18 hours 

at 4°C was more sens i tive than the then s t andard tes t  used in New 

Zealand , a "warm" p rocess in wh ich sera were incuba ted for 30 minutes 

at 37°C . Th i s  " cold"  me thod was la ter adop ted as the s tandard tes t in 

New Zealand . 

The complement f i xa t i on tes t  i s  able to  de tec t infec t i on in some 

cases as early as two weeks , and in mos t rams by f ive weeks 

pos t-inocula t i on (Web b ,  Quinn , Cockram and Husband , 1980 ) 

Wo r thingt on ( 1 982 ) clearly demons trated the effect that the use 

o f  a d i f ferent an t igen could have on the sens i t i v i ty and speci f i c i ty 

o f  a complemen t f i xa t i on tes t .  One hea t-ex t rac ted Brucella ovis  

an t igen produced a sens i t iv i ty o f  85% in  the "cold" complemen t 

f i xa t i on tes t ,  whereas ano ther an t igen , produced in  a d i f ferent way , 

resulted in  a 97% sens i t ivi ty . An u l t rason i ca t ed an t igen was found to  

be 10% less  speci f i c  than the  bes t hea t-ex t racted an t igen . When the 

mos t sa t i s fac tory an t i gen was used (a produc t made by the labora tory 

i t self ) , the cold complement f ixat ion tes t performed very well , wi th  

a n  expected false nega t ive rate o f  3%  and false  pos i t ive rate  of  1% . 

In  recent t i mes there has been some c r i t i ci sm of  the complemen t 

f ixat i on tes t as i t  i s  app lied in erad i ca t ion programmes . H i cks , 

Burr , Marshall and Vidler ( 1978a and 1 978b ) po i nted to the 

inconsi s ten t  resu l t s  they had experienced when us ing the t es t ,  such as 

cer tain  ani mals whi ch were pos i t ive a t  one tes t bei ng nega t i ve on a 

subsequent occas i on .  Wagner ( 1982 )  found that animals nega t ive to  the 

tes t could be excret i ng Brucella ovis in  the i r  semen , and conversely , 

tha t  animals no t excre t ing Brucella ovis  could be pos i t ive to  the 
tes t .  

The sugges t i on was made that some spurious resul ts  may occur as 

a resul t  of vac c ina t i on or t he haemolys i s  of blood samples ( O ' Hara , 

Anderson and Weddell , 1978 ) . Bruere and Wes t ( 1 978 ) , i n  defence o f  

the tes t ,  pointed out  that several flocks were now Brucella ovi s  free 

as a resu l t of  the j ud i ci ous use of  the complement f ixat i on tes t ,  

wh i ch was prov ing to  be a very valuable t ool  in  the con trol  o f  the 
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d i sease . The problems in tes t  in terpre t a t i on as socia ted wi th 

vaccinat ion were reemphas ised by McDiarmid ( 1 978 ) who reported resu l t s  

f rom two farms where i t  appeared that complemen t fixat ion t i t res had 

persis ted for three years after vacc ina t i on had taken place . 

An inves t igat ion of  a number of  chroni cally infec ted rams 

revealed that a smal l number of ind ivi duals may reac t incons is t en t ly 

to  the complemen t fixat ion tes t , causing spurious resu l t s  and 

consequen t problems of interpre t a t i on ( �or thing ton , S tevenson and de 

L i s le , 1985 ) . An Animal Heal th Divi s i on report  ( 1 983 ) poin ted ou t 

that animals could be pos i t i ve to the complemen t fixat ion tes t before 

the organism was excre ted in  the semen , and that this could accoun t 

for some of  the so-called " false pos i t ive " results  reported from the 

f i eld (�agner ,  1982 ) . The report  also emphas i s ed that the pred i c t ive 

value of a tes t depends upon the prevalence of the d isease i n  a 

populat ion as wel l  as the accuracy of  the tes t per se . �es t and 

Bruere ( 1 983 ) presen ted data from 35 Brucel la-free flocks which showed 

that of 1653 non-vacc inated and uni n fec ted rams , only f i ve had 

pos i t ive or suspi cious t i tres in the Brucella ovis complemen t f ixat i on 

tes t :  this  indi cated a speci f i c i ty o f  9 9 . 7% . They emphasised t he 

i mpor tance o f  knowing the h i s t o ry of  the f lock when i nterpre t i ng the 
serological resu l ts . 

The conclus ion to  be drawn from these reports  i s  that i n  spi t e  

o f  some d i f f i cu l t ies i n  in terpre t a t i on , the complemen t f ixat i on t e s t  

i s  a remarkably good diagnos t i c  tes t ( �orthing ton , 1982 ) , ranking 

amongs t the mos t accurate o f  serologi cal me thods available . 

Int eres t i n  the use of  an enzyme-l i nked immunosorbent assay 

( ELI SA) for the diagnosis  o f  Brucella ovis infect ion developed duri ng 
the 1980s ( Rahaley , Dennis  and Smel t zer , 1983 ; Ris , Hamel and 

Long , 1984 ) .  This tes t does no t requ i re mul t i ple serum d i lu t i ons t o  

b e  carried o u t  a s  does the complement fixat ion tes t ,  and i t  also 

accomodates an t i complemen tary s era wh ich canno t be evaluated by the 

complemen t f ixa t ion me thod . 
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In 1984 , Wor thington , Weddell and Penrose compared the 

sens i t i v i ty and speci f i c i ty of  three serologi cal tes ts  for ov ine 

brucel los i s  that we re used a t  Wallacevi lle Animal Research Cen t re ,  

Upper Hut t ,  New Zealand . These three tes ts  were the "cold" complement  

fixa t i on tes t ,  the  newly developed ELI SA t es t ,  and a gel  di ffus i on 

tes t no rmally used for an t i complemen tary sera as a back-up to the 

complemen t fixat ion tes t .  These wo rkers  found min imal d i f ferences 

be tween the s tandard complemen t fi xation tes t and the ELI SA ,  wi th the 

ELI SA being sl igh t ly more sens i t i ve and less speci fic , whi le the gel 

d i f fus ion tes t ,  although highly speci f i c ,  was a good deal less 

sens i t ive than the o ther two tes t s .  

i t  seems that in 

i s  

s p i te o f  occas i onal 

highly rel i able , and i t  

From these s tudies , 

problems , the complemen t 

rema i ns the s tandard tes t 

f i xa t i on 

for 

tes t 

the serologi cal d i agnos i s  o f  

B rucella ovi s  infec t ion in  New Zealand rams . 

CONTROL 

A t t emp t s  to con trol ovine brucellos i s  have been made from two 

d i f ferent approaches : eradi ca t i on and vacci nat i on .  

Erad i ca t ion 

Early a t temp t s  at  erad i ca t ion , based on the cull i ng of  rams w i t h  

palpable les i ons , were unsuccess ful due t o  t h e  presence of  i nfec t ed 
rams whi ch had no c linical abnormali t ies  ( Clap p , 1955 ; B i bers t e i n  and 

McGowan , 1958 ) .  However , erad i cat i on was successful when based on a 

rel i able serolog i cal tes t ,  as demons t ra ted by t he elimina t i on o f  the 

d i s ease on the Bass S t raigh t  Is lands ( Tasmania) us ing a tes t and 

s l augh t er p rogramme based on the complement f ixat i on tes t 

( Ryan , 1964 ) . Thi s  type of  con t rol  programme has been the preferred 

me thod i n  Aus t ral i a ,  where volunt ary accredi ta t i on schemes are 

o pe ra ted . Such s chemes have been opera t i ng success fully in  Sou t h  

Aus t ralia s i nce 1966 ( R . W .  Newlands , personal commun i ca t i on ,  1984 ) , i n  

V i c t o r i a  s ince 1 9 7 4  ( M . A .  Harrison , personal communicat i on ,  1984 ) , i n  

New Sou th Wales s ince 1980 ( D . R .  Thompson , personal commun i ca t i on , 
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1984 ) , and in Queens land s i nce 1983 ( K . F .  Trueman and � . H .  �ard , 

personal commun ica t i on , 1984 ) . 

A volun tary ov ine brucellos is  accred i tat ion scheme has been 

promo ted by the Sheep Soc i e ty of the New Zealand Ve terinary 

Asso c i a t ion s i nce 1 9 73 (Bruere , 197 3 ) . A vo lun tary programme i n  

2 3  New Zealand flocks was des cribed by Wes t and Bruere in 1 97 9 .  These 

au thors reported a keen interes t in accredi t ation from maj or sheep 

breed societ ies in  New Zealand , such as the Coo pworth , Pe rendale and 

Romney societ ies , and sugges ted that the low prevalence of  the 

di seas e , and expor t  requi remen ts for freedom f rom ovine brucello s i s , 

should encourage and j us t i fy the cessa t i on of vaccina t ion in  s tud 

flocks and the o f f i cial accep tance of accred i t a t ion schemes . Three 

years later , Bruere ( 1 982 ) reported that o f  an es t imated 1 . 2  mi l l ion  

rams and  ram hoggets 

approx i mately 69% of  

on 

rams 

26 , 000 proper t i es 

from s t ud flocks 

in New Zealand , 

and 33% o f  those from 

commercial  flocks were now under veterinary inspect ion . He desc r i bed 

the results  of  an accred i tat ion scheme carr ied out on 27  commercial  

flocks , mos t of  whi ch needed fewer than t hree tes t s  before a l l  

unvacc i nated rams were nega t i ve to  t h e  B rucella ovi s  comp leme n t  

f i xa t i on tes t .  However ,  h e  pointed out  that i n  occas i onal " problem" 

flocks , up to  e ight tes t s  had been requi red before accred i tat ion  was 

achi eved . One of these " problem" flocks had a 12-year h i s t ory of the 

d i seas e ,  and approximately 20% o f  the rams had been culled each year 

because o f  the presence of les i ons i n  the e p i didymi s .  

The p roblem posed by commerc ial b reeders con t i nu i ng t o  buy 

vac c i na t ed rams was highlighted as a maj o r  obs t acle t o · accred i t a t i on 

i n  t hese f locks , and concern was expressed that several vaccinated 

rams had that year been found to  have e p i d i dymi t is or to  be excre t i ng 

Brucella ovis i n  the i r  semen . In  one f lock , three out of 18 

vacci na t ed rams were found to  be excre tors  of  Brucella ovi s , and in 

ano ther four out  o f  ten .  I n  a fur ther example,  ten out o f  1 60 

vacci nated rams had lesi ons of  epididymi t i s  (Bruere , 1982 ) . 
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Bruere ( 1982 )  also repor t ed that in s t ud f locks infect ion �as 

less common than in commercial flocks . Of 22 s tud flocks involved i n  

an accred i tat ion scheme , only t�o �ere found to be infec ted at  the 

in i t ial t es t .  One , �i th a lo� prevalence ini t ially ,  became clear of 

infect ion after  t�o examina t ions , �h ile the o t her , �ith a high ini t ial 

prevalence , took seven examina t i ons before i t  became clear of  

infec t i on .  It  �as agai n  emphas ised that  mos t s tud groups s t rongly 

supported the con t rol of B rucella ovis infec t i on and the produc t i on o f  

d i sease-f ree rams , and vaccinat ion �as a les s common complica t i ng 

fac tor on s tud prope r t ies than on commercial farms . 

These reports  sho� that accredi ta t i on programmes can be 

success fu lly implemen ted , and i n  s tud flocks t hese schemes have been 

very �idely accep ted . Ho�ever ,  replacing large numbers of rams culled 
as par t  of an erad i ca t ion programme can be expens ive , and con t rol  o f  

the d i sease by vaccina t ion has been a �idely used al ternat i ve t o  

accredi t a t ion i n  commercial flocks , par t i cularly those i n  �hi ch for 

various reasons , such as poor fencing , the chance of  reinfec t i on i s  

h igh . 

Vacci na t ion 

I n  1 954 , Buddle repo r ted that �hen �orking on me thods of 

pro t ec t ing animals agains t Brucella mel i tens i s  infec t ion , prev ious 

au thors had found k i l led cul t ures of  Brucella mel i t ens i s  or extrac t s  

o f  t h i s  organism t o  be ineffect ive a s  vaccines unless used i n  

conj unct i on �i th 

( Lis bonne , Roman 

a l i ve , avi rulent s t rain  of B rucella abo r tus 

and Quatrefages , 1947 ) . Brucella abor tus S t ra i n  19 

�as used for this purpose , b ut  �as i ne f f e c t ive �hen used alone 

(Renoux , 1952 ) . Exper imen t s  had also sho�n that the res i s t ance 

produced by killed Brucella abor tus or Brucel la me l i tens is  vac c i nes 

�as enhanced by the  add i t i on of o i ly vehi cles as  adj uvan t s  

( G i l be r t , 194 3 ;  L i ve , 1949 ; G�a tkin and Dzen i s , 1952 ) .  

Ac t i ng on the bas is  o f  this informa t ion ,  Buddle ( 1954 ) 

inves t iga t ed the use of a vaccine agains t Brucella ov i s  infe c t ion  

cons i s t i ng of  ki lled B rucel la ovis cel ls suspended i n  a sali ne- in-o i l  

emuls i on ,  admini s t ered s imul taneously �i t h  bu t a t  a d i f feren t s i te t o  
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Brucella abor tus S t rain  19 . He found that  the combined e f fect  

provi ded s ign i f ican t protec t i on agains t an expe rimental i n t ravenous 

challenge vi th Brucella ov is organi sms . Nei ther o f  the tvo vaccines 

used alone provided s i gni ficant protec t i on for t he ram lambs in  this  

experimen t . 

Al though Buddle vas la ter able to demons trate  that a s i ngle dose 

of the inac t i vated Brucella ov i s  vaccine used alone could provide some 

pro tec t i on ( 1958 ) , he s t i l l found that the t echnique us ing bo th 

S t rain  1 9  and the B rucella ov i s  vaccine vas sign i f i can t ly be t ter . 

This  regime ' s  effec t i veness vas confi rmed by an extens i ve f ield t r i a l  

i nvolv ing 6 3 6  tvo- too th  rams challenged during the ma t ing per i od by 

natural exposure to heav i ly infec ted sheep popul a t i ons in vhi ch the 

average incidence of epididymi t i s  vas 18% . At the end of ma t ing , 43% 

o f  the unvaccinated rams vere excre t i ng Brucella ovis  in the i r  semen . 

The corresponding f i gures vere 16% for those vaccinated vi th a s i ngle 

dose o f  the Brucella ovi s  sal ine-in-o i l  vaccine , and only 6% for those 

vacc i na t ed vi th the B rucella ovis vaccine as vell as St rain 19  

( Budd le , 1958 ) . It  vas notable that nei ther technique vas 100% 

e ffec t i ve in the face o f  na tural challenge . 

The combined B rucella ovis  and St rai n  19  techni que subsequent ly 

became videly used ( Lavrence , 1 961 ; Clax t o n ,  1968 ) . However , i t  soon 

became apparen t that  there were several problems associated wi th  t h i s  

techni que . The mos t obvious vas a s i de e f fec t of  the Brucella ovi s  

sali ne-in-oil  vacci ne . The o i l  adj uvant used i n  this  vacci ne caused 

consp i cuous and pers i s tent local reac t i ons ( Buddle , 1 9 6 2 ; 

Clax t o n , 1968 ) .  The use o f  an alum i n i um hyd roxi de adj uvaht as an 

al te rnat ive to o i l  was inves t igated by Buddle ( 1962 ) . I t  was found 

tha t b o t h  adj uvant s  were s i mi larly effect ive  when the B rucella ovi s  

vac c i ne was used i n  conj unc t i on vi th S t ra i n  1 9 , bu t i f  S t rain  1 9  was 

n o t  used , a s i ngle  dose of the o i l  adj uvant ed Brucella ovis  vac c i ne 

was s igni f ican t ly super ior  to  ei ther one or two doses of  the 

Brucel la ovis vac c i ne con taining the aluminium hydroxide adj uvan t . 
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In Cal i forn i a , Bibers te i n ,  McGowan , Robinson and Harrold ( 1962 ) 

evalua ted an inac t i vated Bruce lla ov i s  vaccine containing aluminium 

hyd roxide adj uvan t .  I t  was found tha t i f  used in  conj unc t i on wi th 

S t rain 1 9 ,  none o f  the experimen tally challenged animals became 

in f ected , whereas all the unvaccinated an imals did  become i n fec ted . 

When used alone , the Brucella ovi s  vaccine pro tec ted only 50% of  the 

an i mals . 

So , i t  appeared that as long as S t rain 19 was used 

s imul taneous ly , an aluminium hydrox ide adj uvant would suf f i ce . 

However , the o ther problems assoc i a t ed wi th vaccina t ion agains t 

Brucella ovis  infec t ion involved the l i ve Brucella abor tus S t rain  19 

vaccine i t sel f .  Some rams vaccinated wi th S t rain  19 had later been 

found to be excre t ing this organi s m  in the i r  semen ( Budd l e ,  1962 ; 

Buddle , Calverly and Boyes , 1963 ) . There was also the sugge s t i on that 

vaccinat ion migh t occasionally resul t i n  a temporary deteriorat ion i n  
semen qual i ty f o r  u p  to ni ne weeks ( Lawrence , 196 1 ;  Clax t on , 1968 ) . 

Ano ther problem was the occurrence o f  outbreaks of  lameness followi ng 
the use of the S t rain  19  vaccine i n  conj unc t i on wi th the Brucella ovis  

vaccine . Be tween 1957 and 1962 there had been a number of  repor ts  o f  

t h i s  phenomenon , and an inves t iga t i on o f  the problem i n  1 2  f lo cks was 

made by Kater and Har tley ( 1963 ) . I t  was found that les i on s  mai n ly 

i nvolved the 

e p i phys i s  o f  

metaphyseal ends of  long 

the d i s tal radius or t i b i a .  

bones , and commonly the 

The lameness usually had a 

sudden onset ,  10-20 days af ter vacci na t i on ,  involved shi f t i ng lameness 

o r  weakness i n  one to four limbs , and in  s everal outbreaks rams became 

pros trate for up t o  two weeks . There was usually a severe sys temic 

upset  and a check in growth ra te , and as many as 75% of  the ram flock 

could be af fec ted . S t rain 19 was cul tured from one of  the les i ons . A 

s im i lar outbreak was repor ted in  whi ch Bru cella abortus S t ra i n  19  was 

cultured from three out of four e p i physeal les ions exami ned ( Wes t ,  

Johns tone , Bruere and Chapman , 1978 ) . 

A fur ther d i sadvan tage of  the use  of  Strain  19  was the 

developmen t of pers i s tent Brucella abo r tus t i t res wh i ch precluded the 

expor t of l i ve an i mals to coun t ri es whi ch requi red a nega t i ve b lood 

t e s t  ( Buddle e t . al . ,  196 3 ;  Claxton , 1968 ) , and ano ther 'was the hazard 

to humans handl ing this  vaccine . 
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Because of  the disadvan tages associated wi th the use of l i ve 

Brucel la abor tus Strain 19 , al terna t i ve me thods of  vacc ina t i on were 
sough t . In Sou th Africa , exper imen ts wi th a l i ve ,  at tenua ted s t rain 

of Brucella me li tens is ( Elberg Rev 1 vaccine ) had shown i t  to  be  very 

e f fec t ive in young rams , con ferring at  leas t two years of s o l i d  

i mmun i ty ,  although the same success was no t achi eved in  older rams 

wh i ch had al ready been exposed to infect ion (Van Heerden and Van 

Rensburg , 1962 ) .  In Sou th Africa ,  where sheep were na turally infec ted 

wi th Brucella me li tens i s  a s  wel l  a s  wi th  Brucella abor tus and 

B ruce l la avi s , the Elberg Rev 1 vaccine was a v i able al terna t ive , bu t 

i n  count r ies such as Aus tral i a  

B ruce lla mel i tens i s  was unknown , i t  

( Budd le e t . al . , 1963 ) . 

and 

was 

New 

no t 

Zealand 

a val i d  

where 

opt ion 

The poss i bi l i ty of  us i ng a ki lled s t rai n  o f  Brucella abor tus was 

cons i dered , bu t Buddle ( 1962 ) had found that the add i t ion of k i lled 

S t ra i n  1 9  to a Brucella avis vaccine con taining an aluminium hydroxide 

adj uvan t had no sign i f i can t ef fec t on i ts i mmunological e f f i c i ency . 

Simi larly , the add i t i on of  ki lled B rucella abortus S t rain  45/20 d i d  

no t s igni f i can tly enhance the effect iveness o f  the Brucella avi s  

saline- in-o i l  vaccine . 

Inves t iga t i ons were now concent rated on ways i n  whi ch the 

Brucella avis saline- in-oi l  vaccine might be used on i ts own , and yet 

s t i ll i nduce reasonable immuni ty .  I t  was found tha t a s ingle dose o f  

B rucella avi s  saline-i n-o i l  vaccine was s i gn i f i can tly inferior  to  the 

combined Brucella avi s / Strain 1 9  techni que , and that two doses o f  the 

B rucella avis  vaccine , given s imul taneously a t  d i f ferent s i tes , were 

no t s i gni f i cant ly be t ter than a s i ngle dose . However , two doses o f  

the Bruce l la avis saline- i n-o i l  vaccine g iven a t  an interval o f  e igh t 

weeks was b o t h  superior to  one dose ( P<0 . 05 )  and not  s igni f i can t ly 

i nferior  to the combi ned Brucella av i s / S t rain  19 techni que 

( Buddle , 1 9 62 ) . Thi s  exper iment s  resul t was based on the propor t i on 
o f  ani mals that res i s ted an int ravenous challenge cons i s t ing o f  

approxima tely 9 x 106 Brucella a v i s  organ isms . Ou t o f  35  animals 

vacc i na t ed wi th two lml doses o f  the Brucella avis sali ne-in- o i l  

vaccine , g i ven eight weeks apar t ,  eight became infec ted ( 23%) , as 

compared w i th eigh t out of 33 vacc inated wi th  5ml of  S t rain  19 and lml 

1 9 .  



o f  the Brucella ovis saline- in-o i l  vaccine ( 24% ) , and 1 9  ou t of  35  

vaccina t ed wi th a single dose of  the Brucella ovis vaccine ( 54%) . 

Aga i n , i t  is  no table that even wi th the mos t  pro tec t i ve me thod of  

vaccinat ion ,  nearly 25% of  rams s t i l l  became i n fec ted . 

�hen the interval be tween the two doses of Brucella ov i s  

sal i n e - i n-oi l  vaccine was increased from eight t o  2 4  weeks , the 

res i s t ance produced was s t i ll not  s ign i f i can tly i n ferior to that from 

the comb ined Brucella ovi s / S t rain  19  techni que ( Buddle et . al . , 1963 ) . 

In  t h i s  latter  experiment , four out of  41 rams ( 10% ) vaccinated twice 

wi th  the Brucel la ovis  vaccine became i n fected af ter int ravenous 
i nocula t i on us i ng approximately 4 . 7  x 107 Brucella ovi s  organi sms , as 

compared wi th four out of  43 ( 9%)  vaccinated by the combi ned 

B rucella ovi s / S t rain 19  technique , and 18 ou t o f  42 ( 43%) of  those 

gi ven a single dose of the Bruce lla ov i s  vaccine . Once again , a 

s i gn i f i cant propor t i on of vacci na t ed an imals became infected . 

Because o f  the problems associated wi th  the me thod us i ng 
S trai n  1 9 ,  and the comparable immun i ty provided by the regime o f  two 

doses of the Brucella ov i s  saline- in-o i l  vaccine given eight t o  

2 4  weeks apar t , this  two-dose techni que became the mos t common 

p rac t i ce for vaccina t i ng rams agains t Brucella ov is  ( Quinlivan and 

�allace , 1975 ) . 

Unfortunately , commercially manufactured B rucella ovis vaccines 

were not  all  equally effec t i ve .  Claxton ( 1968 ) inves t igated two 

Brucella ovi s  sal ine-in-o i l  vaccines i n  use i n  Aus tral i a  and found one 

to  be very e f fe c t i ve ,  whi le the o t her was not  e f fect ive at  all . 

The local reac t i ons tha t  had been observed earlier  by 

Buddle ( 1 962 ) and Clax ton ( 1968 ) were s t i ll caus ing concern in 1 9 7 5 , 

when Qui nl i van and �allace highl igh t ed the problem in a let ter to the 

New Zealand Ve terinary Journal . 

that  the uns igh t ly subcut aneous 

( par t i cularly ar is ing from the 

These two veterinarians sugges t ed 

les ions that followed vaccina t ion  

double B rucella ovis  me thod ) were a 

reason why vacc inat i on of  rams agains t the d i sease had fallen ou t o f  

favour wi th both  s tud breeders and commercial flockmen . They argued 

tha t  fo llowing the recogn i t i on tha t  the d i sease was once agai n  
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emerging as a produc t i on-limi t ing problem , in teres t i n  con t roll ing the 

d i sease had revi ved . They then wen t on to  des c r i be a technique o f  

i n t rape r i t oneal vaccina t i on that had been used a s  an al ternat ive t o  

the subcu taneous rou te in order t o  avo id the developmen t of  these 

uns igh t ly les ions . 

The technique involved the use of a sho r t  bevelled needle 

inser t ed t hrough the righ t flank wi th the sheep i n  a s t and ing 

pos i t i on . They 

vaccina t ed by 

repor ted that approximately 6 , 500 rams had been 

this  method during 1974 and 1975  and that no les ions a t  

the s i t e o f  inj e c t ion o r  any o ther undes i rable s i de effec ts  had been 

recorded in any of  them . I t  was no t s ta ted whe ther these rams had 

been vacci nated once or twi ce . They also repo r t ed the resu l t s  of a 

p i l o t  t r i al involving 40 rams , half  of which were vaccina ted once 

i n t raper i toneally and hal f  of  whi ch received a second i nj ec t ion eight 

weeks a f t er the f i rs t .  It  was reported that all  the t r ial ani mals 

d i splayed a t i t re to  the Brucella ovis complement f ixa t i on tes t during 

an eight  mon th period in  wh i ch they were tes t ed a t  mon t hly i n tervals , 

and t ha t  there had been no d i f ference in  t i tre be tween those 

vacci na te d  once and those vaccinated twice . I t  was also repo r t ed that 

pos t -mor t em exam inat i on of  a propor t ion of  t r ial  rams showed only a 

small number whi ch had locali sed les ions in  the muscula ture o f  the 

righ t  f lank . I t  was not s tated how many pos t-mor tem exam i na t ions had 

been carr i ed out , or how long after  vacci na t i on they had been 

per formed . 

In  1978 , an i ssue o f  the Animal Heal t h  D i v i s i on ' s  pub l i ca t i on 

" Survei llance" reported that o f  a l ine of  40 surplus two-year old s tud 

rams sen t for s laugh ter , almos t all had been found to  have " abscesses"  

i n  t he muscle o f  wha t was described as  the  " peri renal area" ( p robably 

meani ng the dorsal flank region ) . These "abscesses"  were seen under 

mi croscopic  exam ina t i on to contain large numbers of B rucella- l i ke 

organi s ms , bu t no bac teria were grown from the lesions . The rams had 

been vaccina t ed once i n t raperi toneally us i ng the Brucella a v i s  

vac c i ne . The repo r t  concluded tha t due t o  t he r i s k  o f  abscess 

forma t io n  following this  techni que , and as i t s e f f i cacy had not  been 
proven , the double subcu taneous me thod would s eem preferable 

( Surve i llance , 1978 ) .  
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Qu in livan and Vallace ( 1 979)  res ponded by s tat ing that work 

" over a period of years" had demons t ra t ed ind i s t ingu ishable t i tre 

pat terns in  rams vaccinated by the intraper i t oneal t echn ique and the 

double subcu taneous me thod . They repor ted that 60 , 000 rams had been 

vacc ina t ed by the Cen t ral Hawkes Bay group using the int raperi toneal 

method in  t he las t five years , and tha t no problems wi th abscess 

forma t ion had been encoun tered . They repea t ed the i r  opinion that  the 

uns igh t ly lumps caused by the subcu taneous me thod had been a fac tor in  

the d i s con t i nuance o f  vacc inat ion by ram breeders and the  consequent  

upsurge in  the incidence of the di sease . They concluded that , in  the 

inciden t reported in Surveillance , an error in  adminis t ra t ion mus t 

have occurred , and described the i r  technique in ful l . Thi s  was based 

on the me thod descri bed in  an addendum to a paper by Thomson , Bat ty , 

Thomson , Kerry , Epps and Fos t er ( 1969) and i nvolved an i nj ect ion on 
the right s i de , a t  a point midway on a l ine be tween the s t i fle j o i n t  

and t h e  vertebral ar t i culat i on of the las t r i b , in  the lower ex t remi ty 

o f  the sublumbar fossa , using a short  bevel 16-18 gauge 3/4" ( 19mm ) 

needle . 

I n  reply to  t he le t ter of  Quinlivan and Vallace , B rooks ( 19 7 9 )  

expres s ed his  concern that the e f f i cacy o f  the i n t raper i toneal 

vacci na t i on techni que had not been es tab l ished . He sugges ted that as 

Thomson e t . al .  ( 1969 ) had demons trated rapi d  clearance of an t igen from 

the peri t oneal cav i ty ,  the resul t i ng immune response might be 

inadequat e . He also recalled that Buddle e t . al .  ( 1963 ) had shown that 

two doses of  t he vacci ne were requi red to  provide protec t i on 

equivalent to the original combi ned Brucella ov i s / S t rain 19 

vaccinat ion  techn ique , and ques t i oned the ev idence that a s ingle 

i n t raper i t oneal dose provided adequate pro t ec t i on .  

Ano t her i ncident involving lesions i n  rams sen t for  slaugh t e r  

was repo r t ed i n  " Surve i l lance" in 1980 . T e n  to  twen ty percen t o f  a 

line o f  approxi ma tely 100 rams s laughte red at  the Tomoana Free z i ng 

works a t  Has t i ngs were affec ted . The les ions were 5-10cm i n  d i ame ter 

and were d escri bed as " rai sed , flat  and f i b rous wi th f i rm yellow 

cen t res " .  They were s i tuated on the righ t flank , j us t  benea th the 

peri t oneum . H i s tologi cal examina t ion showed them to be granulomatous , 

wi th gian t  cells , macrophages and lymphocyt es surroundi ng necro t i c  
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t issue . The au thor no ted that Meat Divi sion veterinarians in  the 

Has t ings works had period ically in  the las t few years been called to 

examine l i nes of culled rams wh i ch at pos t-mortem inspect ion had 

lesi ons in the area of  the right  flank ,  and that i t  seemed l i kely that  

these les ions resul ted from Bruce lla ovis  vaccinat i on us ing the 

intraper i toneal rou t e . 

The maj or unanswered ques t i ons in this deba te abou t the use of  

the one-dose i n t raperi toneal Brucel la ovis vacci na t i on technique we re 

summarised by Ris ( 19 7 9 )  as follows : 

1 )  " I s  int raperi toneal admini s t rat ion of  sal i ne-in-o i l  vaccines 

acceptable in terms of  safety and lack of  adverse e f fec t s ? "  

2 )  " Does a s i ngle int raperi toneal inoculat ion of  Brucella ovi s  

saline- i n-oi l vaccine give s a t i s fac tory protec t i on? " 

The i mpor tance of  resolving these ques t i ons l i es in  the need to  

unders t and the us es and limi tat ions of Brucella ovis  vaccines , so that 

the i r  p lace in con trol programmes can be more accurately assessed . 

Large numbers of  rams in New Zealand are curren t ly i nvolved i n  
Brucella ovis con t rol  programmes . In s tud flocks , where t h i s  d i sease 

is of t he greates t concern , mos t rams are inspected by ve t er inarians 

for t h i s  d i sease ( Bruere , 1982 ) . Ram breeders have a respons i bi l i ty 
to the i r  c l i en t s , and their  l ivel i hood depends upon a repu tat ion for 

produ cing good qual i ty ,  di sease- f ree  rams . Such a repu t a t i on would be 

des t royed i f  it was found that these rams had a venereal d isease . The 

poss i b i l i ty of  expo r t i ng breed i ng s t ock would also be p recluded by the 

presence o f  Brucella ovis in  a f lock . 

The p resence o f  vaccina t ed an imals can cause special problems i n  

erad i c a t ion schemes based o n  serological tes t ing . Vaccinated ani mals 

will reac t to the tes t whe ther infec ted or no t .  Fur thermore , i t  i s  

some t i mes d i f f i cul t to  iden t i fy pos i t ively wh ich ani mals have o r  have 

no t been vaccina t ed because of poor record-keep i ng and i nadequa t e  

animal iden t i f i ca t i on . O f  even more concern i s  the observa t ion that 

some vaccinated rams may be excre t i ng the organism , and act ing as a 

source o f  infec t i on for other rams ( Bruere , 1982 ) . 

2 3 . 



On the o ther hand , vaccina t i on could be a very useful aid  i n  

control l i ng ovine brucellosis  in  s i tua t i ons where eradicat ion would be 

d i f f i cu l t ,  for ins tance , where s t ock cont rol is  poor , fencing 

i nadequa te , and neighbour ing flocks are in fec ted . It  i s  there fore 

i mpor tan t that  the unanswe red ques t i ons concerning the e f f i cacy and 

s i de e f fec ts  of the vaccinat ion techniques curren tly i n  use be 

adequa tely resolved . 
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CHAPTER 2 

INVESTIGATIONS ON THE CHARACTERI STICS  OF BRUCELLA OVIS I SOLATES 

FROM VARIOUS SOURCES , INCLUDING THOSE USED FOR VACCINE MANUFACTURE 

AND THOSE USED FOR EXPERIMENTAL I NFECTION IN THI S PROJECT . 

INTRODUCTION 

Brucel la ovis  was described by Buddle and Boyes ( 1953 ) as a 

small gram-negat i ve bac i llus , 0 . 7 - 1 . 2  �m long and 0 . 5 - 0 . 7  �m wide . 

The bac terium i s  non-mo t i l e ,  non-sporing ,  and arranged s i ngly or  i n  

pairs . I t  has a nega t i ve reac t i on in t h e  oxidase , urease , and c i t ra t e  

tes t s , does n o t  produce indo le , does no t reduce ni t rates , and does no t 

p roduce hydrogen sulphide ( H 2 S ) . No change i n  the reac t i on o f  l i tmus 

m i lk i s  observed after  seven days . No aci d  or  gas i s  produced a f t e r  

1 4  days f rom arabinose , dulc i t e ,  glycero l , i nos i t e ,  lac tos e ,  levulose ,  

mal tos e ,  mann i te , raff inose , rhamnose , sal i c in , sorbi t e ,  sucrose , 

t r ehalose , xylose , and several o ther carbohydrates . The bacteria  are 

acid-fas t when s t ained by the modi f ied Ziehl-Neelsen techni que ( S tamp 

e t . al . , 1950 ) . The colonies formed a f t er 48 hours incubat ion on blood 

agar in  10% C0 2 a t  3 7 °C are 0 . 5mm in d i ame t e r , ci rcular , convex , 

smoo th , grey i sh wh i te and glis tening , w i th an en t i re edge . Af ter five  

days i ncuba t i on the  colonies are  up to  2mm i n  d i ame ter and grey i s h  

yel low . ( Buddle and Boyes , 1953 ; Alton , Jones and P i e t z , 1975 ; 

Bergeys Manual , 1984 ) . 

In New Zealand , the mos t impor tan t organism from wh i ch 
Brucella ovi s  mus t  be dis t i ngui shed i s  Brucella abor tus , whi ch has 

pos i t i ve oxi das e , urease and ni t rate  reac t i ons and usually produces 

hydrogen sulphide ( Bergeys Manual ,  1984 ) .  
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IDENTIFICATION OF I SOLATES 

During t h i s  p roj ec t ,  isolates of Brucella avis were rou t inely 

subj ec ted to  the following tes t s : 

Ci trate  U t i l isat ion 

H2 S Produc t i on 

Ni t ra t e  Reduc t i on 

Mo t i l i ty 

Oxidase Reac t i on 

Urease Reac t i on 

( See Append ix 1 for d e t a i ls ) . 

In  order t o  tes t fur ther the i den t i ty o f  the organ i s m ,  the 

i s ola te used as the challenge organism  in  experimen t s  invo lving 

ar t i f i c i al exposure by int ravenous inocula t ion was also subj ected  t o  

add i t i onal b i o chemical tes ts  us ing the carbohydra tes arabinose , 

dulci t e ,  glycerol , inos i t e ,  lac tose , levulose ,  mal tose , manni tol , 

raffinose , rhamnos e ,  sorb i t e ,  sal i c in , sucrose , t rehalose ,  and xylose .  

No s ignif i can t produc t ion of aci d  o r  gas was observed over a 2 1  day 

period , con f i rming the f indings of  Buddle and Boyes ( 1953 ) . 

TEMPERATURE TOLERANCE 

Buddle and Boyes ( 1953 ) reported  the o p t i mum temperature for the 

growth of Brucella ovi s  t o  be 37°C  wi th l imi t s  for grow th be tween 20 ° C  
and 40 ° C .  When i solates f rom several sou rces were tes ted dur ing t h i s  

p roj e c t , i t  was found that a t  2 5 ° C  and 42 ° C ,  growth d i d  occur , but  

only ex tremely slowly . Colonies j us t  v i s i ble  to  the  naked eye 

appeared be tween 14  and 21 days . There d i d  no t s eem to  be any obvious 

d i f ferences be tween the i solates i n  their  tolerance of  unfavourable 

t emperatures . 

2 6 .  



BRENDA ANALYSI S 

In an a t temp t to d i s cover whe ther d i f ferent s t rains ex i s t e d  

among the Brucella o v i s  isolates t h a t  were encoun t ered in  t h i s  

proj ec t ,  seven selected isola tes were subj ec ted t o  analys is  b y  t h e  

BRENDA technique ( Bacter ial Res t r i c t i on Endonuclease DNA Analys i s ) .  

Me thod 

This me thod involves the extrac t i on of DNA from a homogeneous 

populat ion o f  o rgan i sms ( in t h i s  case a cloned i s ola te  o f  

Brucella ovi s ) ,  d iges t i on of  the resul tan t  DNA with  a res t r i c t i o n  

endonuclease ,  and ele c t rophores i s  o f  the d i ges t ed DNA o n  agarose gel . 

The endonuclease c leaves the DNA a t  s pe c i f i c  base-pa i r  s equence s , 

resul t ing in  a s e t  o f  DNA fragmen ts . These fragmen t s  migra te  i n  the 

gel accord ing to  the i r  molecular weigh t , resul t i ng in a pa t t ern of  

bands that , when s tained wi th e t h i d ium bromide , can be seen i n  

u l t raviole t l i gh t . These pa t t e rns cons t i t u t e  a charac ter i s t i c  

" f ingerprin t "  for  that speci f i c  DNA , and can be used t o  iden t i fy 

subspecies o f  bac t er i a  ( Marshal! ,  Wi l t on and Robinson , 198 1 ) . 

For the t rea tment o f  the Brucel l a  o v i s  i solates in  t h i s  

inves t iga t i on ,  t h e  res t r i c t ion endonuclease E coR1 was used , and the  

me thod was essent i ally the same as  that  descri bed by  Marshal! e t . al .  

( 198 1 )  and Marshal! , Winter , Cooper and Robinson ( 1985 ) . The 
B rucella ovi s  bac t e r i a  were harves t ed i n  phos pha te  buf fered s a l i ne 

f rom two blood agar plat es . 

The s even i sola t es tes ted are descri bed i n  Table 2 . 1  
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NUMBER 

1 

2 

3 

4 

5 

6 

7 

Table 2 . 1  

Brucella ovis Isolates Tes ted By Bac terial 

Res t r i c ti on Endonuclease DNA Analys i s  ( BRENDA ) 

IDENTITY OF 

I SOLATE 

Challenge 

Vac c ine A 

Vaccine B 

NCTC 10037 

F i e ld 1 

F i eld 2 

F i eld 3 

DESCRIPTION 

Isolated from the semen of  a naturally 

infected ram and used as the challenge 

organism throughout t h i s  proj ec t . 

Freeze-dr i ed cul ture used in the 

manufac ture of the Brucella ovi s  

saline-in-o i l  vacc i ne "Ramovexin"  

( Coopers Ani mal Heal th N . Z .  Ltd ) , 

and provided by the manu fac turers . 

Freeze-d r i ed cul t ure of  a s econd i solate  

use d  i n  the  manufacture of  the  vaccine  

"Ramovexin" , and provided by the  

manufac turers . 

Freeze-dried cul ture obtained f rom t he 

Na t i onal Type Col lec t i on , London . 

I solated from the semen o f  a chron i cally 

infec ted ram hav i ng an incons i s tent  

reac t i on to  the Brucella ovis  

complement f i xa t i on tes t .  

Isola t ed from the semen of  a ram in  a 

naturally infe c t ed flock ; Manawa t u ,  

New Zealand . 

I sola t ed from the semen of  a ram i n  a 

second na turally infe c t ed flock;  

Manawa t u ,  New Zealand . 
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Plate 2 . 1  

Band pat terns result i ng from Bac ter i al Res t r i c t ion 

Endonuclease DNA Analys i s  ( BRENDA ) car r i ed out on the 

seven Brucella ov i s  i s o lates described in Tabl e  2 . 1 .  The 

number alloca ted to the isolate in Table 2 . 1  i s  the lane 

number in the gel as shown in this  pla t e . The isolates  in  

each lane , as  des c r i bed in Table 2 . 1 , are  as fo llows : ,  

Lane : 1 Chal lenge 

2 Vac c i ne A 

3 Vac c i ne B 

4 NCTC 10037 

5 F i e l d  1 

6 F i eld 2 

7 F i eld  3 
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Resu l t s  

No obv i ous d i f ferences be tween pa t t erns could b e  seen when t h i s  

endonuclease was used ( Plate 2 . 1 ) .  

There i s  the poss ibi l i ty tha t the f i r s t  high molecular weigh t  

band ( a t  the to p  o f  the pat t ern ) wh ich i s  qui te clear i n  the NCTC 

10037 , F ield 1 and F ie ld 2 isolates , and less obv ious in Vaccine B and 

F i eld 3 ,  may ac tually be absen t in the Chal lenge and Vaccine A 

i sola t e s , and i t  could be argued that this  indica t e s  a s t rain  

d i fference . However ,  i t  is  qui t e  l i kely that this  band , being at  the 

high molecular weigh t  end , may have resul ted from incomple t e  d iges t i on 
o f  the DNA , and could there fore be an ar t i fac t ( R . B .  Marshall , 

personal commun i cat i on ,  1986 ) . 

the i s o l a t es tes ted are all 

conclus i on i s  suppo r ted by 

( Bergeys Manual , 1984 ) ; tha t  

I f  this  is  the case , i t  

essen t i ally the same 

the fac t tha t  no bi ovars 

the Challenge and Field 1 

ind i cates  that 

s t rain . Thi s  

a r e  recogni sed 

i solates  were 

from rams o f  the same age run toge ther in  the same f lock ;  and tha t  

Aus t ra l i an workers using an i s oenzyme elect rophores i s  technique could 

no t d e t e c t  any gene t i c  vari a t ion in an experimen t on 12 i solates  o f  

Brucel l a  ovis  f rom fi ve ve t er i nary laborat o r i es in New South Wales , 

Sou th  Aus t ralia  and Victoria  ( A . J . M .  Bel f i eld and M . L .  Adams , personal 

commun i ca t i on ,  1984 ) .  

Thes e  s tudies  ind ica t e  tha t the i solat e  used as the challenge 

s t ra i n  in this  p roj ect was in all  probab i l i ty the same s train as the 

two i s o l a t es used in  the manufacture o f  the vacc ine  "Ramovexi n "  

( Coopers  Animal Health N . Z .  L td ) .  Therefore , this  vaccine should 

have t he capab i l i ty of  s t imula t i ng a speci f i c  i mmuni ty agains t the 

chal l e nge organ i s m . 
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THE BRUCELLA OVI S VACCINE 

"Ramovex in"  i s  the only Brucella ovis  vaccine curren t ly 

avai lable in  New Zealand . The New Zealand manu fac turers ( Coopers 

An imal Hea l th N . Z .  Ltd)  es t imate t he annual usage to be 7 2 , 000 do-ses 

( V . G .  Orbe l l , personal commun i ca t i on ,  1984) . It  is  a sal i ne-in-o i l  

emuls i on vaccine contain ing inac t i vated Brucella o v i s  organ i s ms . Two 

New Zea land i s olates  of Brucella  ov is  are used in the produc t i on o f  

the vacc ine . A f t e r  mi croaeroph i l i c  cul ture o n  an agar medium ,  the 

organi sms are harves ted in sal i ne and killed by t he add i t i on of 

fo rmal in . A f t e r inac t i va t ion the bac terial concen trat ion i s  

s t andard i s ed , and the sus pens i on is  f i l tered and emuls i f ied  wi th the 

adj uvan t . Th i s  adj uvan t cons i s t s  of 95% mineral o i l  ( a  l i ght  grade 

para f f i n  o i l )  and 5% of the emuls i fy ing agent  Arlacel A. I t  i s  

s t er i l i sed  by f i l t ra t ion before u s e .  The vaccine cons i s t s  of  40% 

bac t e r i al sus pens ion and 60% adj uvan t .  The f inal bac terial 

concen t r a t ion i s  6 x 10 1 0  Bruce l l a  ovis  bac teria/ml . Phenol i s  added 

as a preserva t ive , and t he she l f  l i fe is six months . 

" Ramovex i n "  i s  essen t i ally the same vaccine as that  described by 

Bud d l e  ( 1 957 ) as h i s  "Adj uvan t Vaccine C" . Buddle ' s  vacc i n e  con tained 

the s ame f i nal concen t rat ion of  formal i n-ki lled Brucella  ovi s  bac t e r i a  

( 6  x 101 0 ) ,  and the adj uvan t was s i m i lar . Minor d i f fe rences i n  the 
o r i g i nal  formulat ion were tha t  only 3% Arlacel A was i n c luded i n  the 

adj uvan t ( 5% in "Ramovexin" ) ,  the m ineral o i l  had a d i f ferent name , 

and the propo r t i on of adj uvan t t o  bacterial suspens i on was 50 : 50 

( 60 : 40 i n  "Ramovexin" ) .  Th i s  "Adj uvant Vacc ine C "  was used in  

Bud d l e ' s  1957 and 1958 experimen ts  wh i ch proved i t s e f f e c t iveness when 

used in conj unc t ion w i t h  Brucella abortus S t rain 1 9 . A vac cine 

e s s en t ia l ly the same bu t con t a i n ing hal f  the bac t er i a l  concen t ra t ion 

o f  " Adj uvan t Vaccine C '' ( i . e .  3 x 101 0  bac t e r i a/ml ) was used in  the 

exp e r i men t s  of Buddle ( 1 9 6 2 )  and Buddle et . al .  ( 1963 ) when the use o f  

two success ive doses of  the Brucella ovi s  vacc ine wi thout S t rain  19  

was  i nve s t igated . 
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A s i ngle dose of the con tempo rary vacc ine "Ramovexi n "  i s  2ml . 

Th i s  would con tain approximately 12 x 10 1 0  bac t e r i a , wh i ch i s  twi ce 

the number in the 1ml dose of "Adj uvan t vaccine C"  used in  Budd le ' s  

1957 and 1 958 exper iments , and four t imes tha t in the 1ml dose of  the 

vaccine in the exper imen ts  of 1962 and 1963 . It would be  expec ted , 

there fore , tha t  i f  any d i f feren ces in e f f i cacy exis ted be tween the 

modern vacci ne and the prepara t i ons used by Budd le , the con t emporary 

vacc i n e  would be the one mo re likely to provide grea t e r  pro t e c t i on 

agains t infec t ion . 

I n  accordance wi th s tandard vacc ine manufac turing procedures , 

the following tes ts  are under taken rou t i nely on bat ches of  

" Ramovexi n " : 

1 )  S te ri l i ty 

2 )  Safety 

3 )  Toxi c i ty 

4 )  S t abi l i ty 

5 )  Chemis t ry 

Fourt een days incuba t i on a t  2 2 °C and 30°C . 

Two sheep inj ec t ed subcu taneously and 

observed for seven days . 

F ive m i c e  and two gu inea p igs i nj e c t ed and 

observed for seven to ten days 

at 3 7 ° C  for  seven days ( observed for 

emuls ion breakdown ) and a t  2 2 °C for  

s i x  mon ths  ( shelf l i f e )  

to  ensure concen t ra t i ons o f  phenol 

and free formalin are wi thin  

accep table limi ts . 

The vacc ine manufacturers have no record of  any formal complain t  

again s t the vac c i ne ' s  per formance . ( � . G .  Orbe l l , personal 

c ommun i c a t i on , 1984 ) . 

CONCLUSI ON 

The apparent lack o f  d ive rs i ty among Brucella ovis  i solates  and 

the repo r t ed nature of the vacc ine ind i ca t e  that " Ramovex i n "  should 

s t i mu la t e  i mmun i ty at leas t equal to  that demons t r a t ed by t he 

formula t i on used i n  Buddle ' s  experimen t s . The following chap t ers 

d e s c r i be inves t iga t i ons into var ious aspe c t s  of  i t s use i n  the 

pro t e c t i on o f  rams agains t Brucella ovi s  infec t ion . 
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INTRODUCTION 

CHAPTER 3 

THE SEROLOGICAL RESPONSE OF RAMS TO VACCINATION 

AGAINST BRUCELLA OVIS INFECTION 

The measurement of sero logi cal t i t res is  a wel l  es t ab l i s hed 

me tho d  o f  asse ssing the respons e of the immune sys tem to vaccina t ion 

o r  i nfect ion (Herber t ,  1970 ; S t i tes , 1976a ) . 

The maj or i ty of  serologi cal tes ts  measure c i rculat ing ant i body 

level s  by tes t ing the s e rum for the presence of s peci f i c  

i mmunoglobul ins . Some tes t s  a r e  s imply quali tat ive ( e . g .  the gel 

i mmunodi f fusion t es t ) . The resu l t s  of  t hese t e s t s  are repor ted as 

e i ther  pos i t ive ( an t i body presen t )  or negat i ve ( an t i body absen t ) . 

O th e r  t e s ts  provide quan t i t a t i ve i nforma t i on about the concen t ra t i on 

o f  an t ibody present in  the sample . Some , like the complement f ixat i on 

t es t ( CFT ) , are performed on s erial d i lu t i ons of  the serum . The 

numbe r  o f  d i lu t ions whi ch can be carr ied out before ant i body is no 

longer d e t e c t able is an i nd i ca t i on of  the concent rat ion  of an t i body i n  

t h e  original s ample . O ther t es ts , such a s  the enzyme l inked 

i mmunosorben t assay ( ELISA ) , measure the i ntens i ty of the response t o  

t h e  t es t , a more i n t ense reac t i on i nd i ca t i ng a grea t e r  concent ra t ion  

o f  an t ibody . 

Serologi cal t e s t s  such as these measure immunoglobul ins produced 

by t rans formed B-lymphocy te s  ( plasma cell s )  whi ch mul t i ply in response 

to  an ant igen i c  s t imulus ( Marchalon i s , 1976 ) . I t  is widely acce p t ed 

that al though res i s tance t o  Brucella species involves b o t h  humoral 

( B- c e l l )  and cellular ( T- ce l l )  res ponses , an t ibody alone is no t 

pro t e c t ive , and immuni ty d e pends on the presence o f  cell-med i a t ed 

mechani sms ( Coll ins and Camp be l l , 1982 ) .  
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I t  would therefore be more ind i ca t ive o f  the s ta tus of  

res i s t ance to also measure the  level of  cell-med i a t ed i mmun i ty wh ich 

develo ps  i n  res ponse to  an an t i genic  s t imulus . However , i n-vi t ro 

labora t ory tes t s  of  cell-med i a t ed immun i ty are techn ically demand ing , 

and resul t s  are some t imes incons i s tent and d i f f i cult  t o  in terp�e t 

(Herbe r t , 19 70 ; S t i t es , 1976b ) . Se rologi cal tes ts  are much more 

prac t i cal to perform , especially when large numbers of samples are 

i nvolved , and when a we ll  con t rolled , es tablished tes t is ava i lable . 

The B ruce l la ov i s  complement  f i xa t ion tes t  used as a s t andard 

d i agno s t i c  techn i que in New Zealand is such a tes t .  I t  is also known 

that humo ral and cell-med ia t ed immun i ty are no t separate and 

independen t reac t ions , but are bo th as pec t s  of the total  response to  

an an t igenic s t imulus ( Marchalon i s , 1976 ) . The refore by measuring 

level s  o f  ci rculat ing an t i body us ing a serological tes t , we may ob tain 

an i n d i re c t  es t ima t e  of  the res i s tance to  the di seas e .  

Accordingly , i t  was dec i ded 

sero logi cal response to vacc ina t i on 

comme rcially avai lable inac t i va ted 

vaccine1 • 

to  carry out  a s tudy of  the 

agains t B rucella ovis using a 

Brucella avis  saline-in-o i l  

Thi s  vaccine i s  based o n  the prepara t i ons used by Buddl e  i n  h i s  

exp e r i ment s  on the vaccination  o f  rams agains t Brucella ovis infect ion 

( Buddle , 1957 , 1958 , 1962 ; Buddle e t . al . , 196 3 ) . ( See Chap t e r  2 ) . 

I n  h i s  earlier  experimen t s , the  Brucella ovis saline- i n-o i l  vacc ine 

was used as a s i ngle dose in conj unc t ion wi th a s imul t aneous dose of 

Brucella abortus S t rain  19 . ( Buddle , 1957 , 1958 ) . Buddl e ' s  later  

exp e ri ment s  ( Budd le , 1962 , Buddle e t . al . , 1963 ) showed that two doses 

of t h e  i nac t i va ted Brucella ovi s saline-in-oil  vaccine given a few 

weeks apar t produced a d egree o f  immun i ty comparable w i th that 

produced by the combined Brucella avi s / S t rain 19  t e chnique . Thes e  

la t t er  expe rimen t s  formed the bas i s  o f  the recommendat ions made b y  the 

manufac turers of the commer c i al Brucella ovi s  vaccine "Ramovexin"  

( Coopers  Animal Hea l t h  N . Z .  L t d ) , tha t the vacc ine be given twice 

subcutaneously 8-24 weeks apart  as an alte rnat ive to i t s use in 

conj unc t i on wi th S t rain  19 . 
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Th i s  two-dose procedure subsequen t ly became the common p rac t ice  

in  New Zealand ( Quinl ivan and Wallace , 1975 ) .  Howeve r ,  t h i s  me thod o f  

vac c i na t i on later  appeared t o  fall out of favour wi th some farmers . 

In  the o p i n ion of  some ve ter inarians this  was due to  the uns igh t ly 

subcu t aneous les i ons produced by t he vacc ine at  the s i t e  of  i nj ec t ion 

( Quinl ivan and Wallace , 1975 ) . These authors sugges t ed that the 

vac c i n e  be admi n i s t ered by the i n t raperi t oneal rou te  in order to  avo i d  

thes e v i s i ble l e s i ons , and repo r t ed that a p i l o t  t r i al on 40 rams had 

shown that all the rams vacc i na t e d  t h i s  way developed serologi cal 

t i t res , there being no d i f ference be tween those vaccina t ed once and 

those vac c ina t ed twice (Quinlivan and Wallace , 1975 ) . Thus they were 

advocat ing not only a change in the rou te  of admini s t ra t ion f rom 

subcu t aneous to i n t raperi t oneal , but also a reduc t i on in the number of  

inj ec t ions , changing the  vacc inat i on process from a two-dose to  a 
one-dose regime . Th is  was undoub t ed ly more conven i ent  for  the farme r ,  

bu t t h e  only evidence of  the me thod ' s  e f f i cacy was a later  s tatemen t 

by these au thors that work "over a per i od of  year s "  had demons t ra ted 

ind i s t ingui shable t i t re pat te rns i n  rams vaccina t ed 

i n t raperi toneal t e chnique and those vaccinated 

subcutaneous me t hod (Quinl ivan and Wallace , 1979 ) . 

by 

by 

the 

the 

double 

A large number of  rams in New Zealand have subsequent ly been 

vac ci na t ed agains t Brucella ovis  

i n t raper i toneal vaccina t ion as an  

infec t i on us ing 

al terna t ive t o  

a 

the 

s i ngle 

double 

subcut aneous  regime , and these two t echni ques are current ly the mos t 

wi dely used me t hods of vaccina t i on aga i ns t Brucella ovis  ( D . M .  

personal communi c a t ion ,  1986 ) . 

Wes t , 

No d e t a i led informa t i on was avai lable on the  comparat ive 

e f f e c t i venes s  of  these two me thod s , and i t  was hoped that the 

exami na t ion o f  the serologi cal response to the vaccina t ion techni ques 

would prov i d e  a preliminary bas i s  for comparison . 

The serological responses to  

double subc u t aneous vaccinat ion 

a s i ngle 

regime 

i n t rape r i t oneal and a 

us ing the commer c i al 

Brucella ovi s  vaccine1 were compared i n  the fol lowing t r i al . A s ingle 

subcu t aneous and a double i n t raperi toneal regime were  also included 

for compara t iv e  purposes . 
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In an a t temp t to provide some quan t i tat ive informa t i on abou t the 

s i z e  and pers i s t ence of  the subcu t aneous les ions which had promp ted 

the i n t roduc t i on of  the i n t raperi toneal technique , i t  was decided in 

add i t i on t o  measure any les ions wh ich might resul t f rom the 

subcu taneous vacc ina t i ons carried out in  this  trial . 

NOTES 

1 )  " Ramovex in"  - Coopers An imal Heal th N . Z .  

Bruce lla  ovis  sali ne- in-o i l  vacc i ne prepara t i on .  

Ltd . Inac t ivated 
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MATERIALS AND METHODS 

One hundred and f i f teen fl ock rams from three commercial sheep 

f arms in the Manawa tu area were used in this  t r ial . The three farms 

were all  accred i ted Brucella ovi s - f ree prope r t ies . The rams were of 

var i ous breeds includ ing Romney , Coopwo r t h ,  Perendale , Booroola and 

Suffolk.  Thei r  ages ranged from two to f ive years , apar t f rom one ram 

in the con t rol group whi ch was n i ne years old . All the rams had 

palpably normal external gen i t al i a  when examined at the s tar t of the 

t r ial . 

Alloca t i on t o  Expe rimen tal Groups 

On each property the rams were sor ted by age , and then rams from 

each age group were randomly allocated to  the four t r ea tment groups , 

s o  tha t the groups were of  e qual s i zes and cont ained a s imi lar age 

d i s t r i bu t ion . 

Three to  f i ve rams f rom each property were allocated as 

con t rols . These were l e f t  unvacci na t ed as sen t i ne l  animals to detec t 

any e n t ry o f  Brucella ovi s  infec t ion i n t o  t he flock .  As t h i s  was 

cons i d e red an unlikely pos s i b i l i ty on these farms due to their  h i s t ory 

o f  f reedom from the d i sease and good cont ro l  of s tock movement ,  a 

t o t a l  o f  only 1 1  rams were used as cont rols . 

There were 26 rams in  each of  the four t reatmen t groups and a 

t o t al o f  48 rams from Farm A ,  34 f rom Farm B and 33 f rom Farm C were 

used . 
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The t rea t ments  alloca ted to  the five experimen tal groups were as 

fol lows : 

G roup 1 s i ngle s ubcu t aneous vaccina t i on ( 1  s / c )  

G roup 2 s i ngle i n t raperi toneal vaccina t ion ( 1  i l p )  

G roup 3 double subcu t aneous vaccina t i on ( 2  s / c )  

G roup 4 double i n t raperi toneal vaccinat ion ( 2  i l p )  

G roup 5 unvaccinated ( con t rol ) 

The rams in  the four t rea t ed groups were vaccinated accord ing t o  

t h e  s chedule shown in  Table 3 . 1  

Vac c i na t ion 

A commer c i al ,  ki lled , B rucella ovi s  sal ine-in-o i l  adj uvan t 

emuls i o n  vaccine 1 was used . The vacc ine was from a s i ngle batch 

( se r i es 2935 ) , and the dose  was 2ml . 

A f ter the rams had been i ndividually iden t i f ied , a llocated t o  

exper i mental groups , and had prel i mi nary blood samples  t aken , the 

i nd i v id uals allocated t o  the double subcutaneous ( 2  s / c )  and double 

i n t rape r i toneal (2 i / p )  groups recei ved the i r  f i r s t  " s ens i t i s i ng" dose 

o f  vaccine . Rams in  the 2 s / c  group were vaccina t ed subcu t aneously on 

the r ight side of  the neck us i ng a new 18 gauge 9mm needle and s t e r i le 

syri nge for each ind i v i dual . The grea t e s t  care was t aken to  ensure 

that the vacci na t i ons were carr i ed out  in  a clean manner and that the 

cor rec t t echni que was used . 

i n t rape r i t oneal ly using the 

follows : 

Rams i n  the 2 i / p  group were vaccina t ed 

method of  Thomson e t . al .  ( 1969 ) as  

A n  ass i s tan t holds the s heep so the right f lank i s  p resen ted . 

The i nj ect i on s i te i s  the lower ext remi ty of  the paralumbar fossa , a t  

a po i n t  midway on a l ine j o i n i ng the s t i fle j o i n t  and the vertebral 

ar t i cu la t ion of  the las t r i b .  I f  the heel of  the hand i s  placed on 

the t ransverse proces ses o f  the lumbar ver t eb rae , the f ingers fall 

into t he lower par t of  the flaccid  abdom i nal wall above the poi n t  
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where res i s t ance from the small in tes t ine i s  fe l t .  Thi s i s  the s i te .  

An 18 gauge 19mm need le wi th a short  bevelled po i n t  is  inser ted to  i ts 

full leng th at right  angles to the body sur face , and the vacc ine 

i nj ec ted . This is  the same t echn ique recommended by Quinl ivan and 

'Wal lace ( 1 979 ) . 

Ten weeks after  this  f i rs t  vacc ina t ion was given , rams in  the 

2 s / c  and 2 i / p  groups were again  vaccinated . The procedure was the 

s ame excep t that the l e f t  s i d e  of  the neck was used for the rams i n  

t h e  2 s / c  group ra ther than the righ t .  O n  t h e  same day , rams in  the 

s ingle subcu taneous ( 1  s / c )  and s ingle i n t raper i t oneal ( 1  i / p )  groups 

were vacc ina ted ; the 1 s / c  group subcu taneously on the l e f t  s i de o f  

the neck , and the 1 i / p  group int raperi toneally . 

B lood Collec t i on 

B lood samples were collected from all the rams in the experiment 

according t o  the experimen t a l  s chedule shown i n  Table 3 . 1 .  

Blood was collec t ed by j ugular venepunc ture  using 10 ml glass 

vacuum t ubes con taining no  an t i coagulan t , tube holders and 20 gauge 

2 5mm needles2 • Two full tubes were collect ed from each ram . A f t e r  

labelling ,  t h e  tubes were immediately placed on  s loping t rays , and 

these were l e f t  to clo t overnight in a cool place . They were no t 

ref rigerat ed as haemolys i s  s eemed to  occur more f requen t ly i f  this  was 

done . 

The next day , the blood was cen tri fuged i n  a Sorvall GLC 1 

cen t ri fuge at  822 x g ( 2 , 000 rpm ) for t en minutes . The serum was 

d rawn o f f  using a Pas teur p i pe t te and d i s pensed i n to 2ml plas t i c  

autoanalyser cups3 • I t  was usually poss i ble t o  f i ll s ix cups wi th the 

s erum f rom the two tubes from each ram . One v i al o f  s e rum from each 

ram was sent for analy s i s  i mmedia tely and the surplus s t ored at -20 ° C .  
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Serology 

The s erum samples were sen t to  the Cen tral Brucellos i s  

Laboratory of  the Wallacev ille An imal Research Cen t r e ,  Upper Hu t t ,  New 

Zealand . There they were tes ted for the presence of an t i body t o  

Brucella ovis by three me thods : 

1 )  Complement Fixat ion Tes t ( CFT ) 

2 )  Enzyme Linked Immunosorben t Assay ( ELI SA)  

3 )  Gel  D i f fus ion Tes t (GD )  

These tes t s  are descri bed in Append ix 2 .  

The resu l t s  of  t he complemen t f ixa t i on tes t are repo r t ed 

t he d i f feren t according to  the degree of haemolys i s  observed 

d i lut ions of serum used in the tes t .  The d i lu t ions 

1 / 8 , 1116 , 1/32 , 1/ 64 and 1/128 . 

a t  

used are : 

100% haemolys i s  i s  repor ted as 0 ( n o  an t i body detec ted ) 

75% " " " " 1 

50% " " " " 2 

25% " " " " 3 

0% " " " " 4 

1 / 4 ,  
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The resul t s  are there fore reported accordi ng t o  the forma t 

i l lus t ra t ed in Table 3 . 2 : 

SERUM 

Table 3 . 2  

Examples of  the Fo rma t used i n  Repo r t i ng 
Complement Fixa t i on Tes t Resu l t s  

DILUTION HAEMOLYTIC REACTION 

1/4 4 4 4 0 

1/8 4 4 1 0 

1/16  4 4 0 4 

1132 4 2 0 0 

1164 4 0 0 0 

1 1 128 4 0 0 0 

Repor t ed resu l t  46 4 3 2 4 . 1  _2 4 

The las t resul t i s  an example o f  the " prozone " phenomenon 

t hought to  be cause d  by excess an t i body ( R . � .  �orthington , personal 

commun i ca t ion , 1983 ) .  
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In the analys is  of  resul t s , the sum of  the reac t ions a t  each 

d i lut ion was taken to give a tes t " score " . Al though the scor ing 
sys tem was no t s t ric t ly ma thema t i cally correc t for use in  s ta t i s t i cal 

compari sons , this sys tem enabled the data  to be far mo re eas i ly 

managed . In the case of prozones , the reac t i on at  each d i lu t i on 

a f fected was given the value 4 .  Examples o f  the scoring sys tem as 

applied t o  the values in Table 3 . 2  are as fol lows : 

4 6 24 

4 3 2 14 

4 . 1  5 

- 2 4 12 

The resul t s  of the ELI SA tes t were repo r t ed as uni ts of  colour 

i n t ens i ty as read by a micro t i t re plate read e r  ( see Append ix 2 ) , and 

so  were al ready in an eas i ly usable forma t . 

The resul t s  o f  the gel d i f fus ion tes t were repo r t ed as pos i t i ve ,  

nega t i ve o r  sus p i c i ous ( see Append ix 2 ) . 

The i n terpre tat i on parame t ers used for the o ther two tes t s  are  

shown i n  Table 3 . 3  

Table 3 . 3  

Interpre tat i on Parame t ers used for the Brucella ovis 

Complemen t Fixa t i on and Enzyme Li nked Immunosorbent Assay Tes t s  

CFT ( score ) ELI SA ( un i t s )  

NEGATIVE 0-4 0-69 

SUSPICIOUS 5-7 70-89 

POSITIVE 8-24 �90 
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All ba tches of samples we re sent to �allaceville An imal  Research 

Cen t re the day af ter they were colle c ted and subj e c t ed to all three 

s e rolog i cal tes t s .  At the conclus ion of the t r ial , all the samples 

were re tes ted by the ELI SA me thod , using the s t ored frozen s erum 

samp les . This  was done to minimise the e f fe c t s  of be tween- tes t 

var i a t i on and a l t era t i ons in  i n te rpre tat ion wh i ch had been occurr ing 

as the tes t was being developed , to  check some anomalous resul t s , and 

to evaluate the repea tab i l i ty of the tes t .  

�hen the resu l t s  o f  this  second tes t were compared wi th the 

o r iginal resul t s , there were a number of  cases i n  whi ch the two 

f igures  were in  d i f ferent i n terpre t a t i on c a t egories . e . g . one 

" pos i t ive" and one " nega t ive " or " susp i c i ous " .  Such samples were 

subj e c t ed to  fur ther re tes t ing , when each was tes t ed four t imes , 

giv ing a to tal  of  s i x  resul t s  for each sample from whi ch a f i nal  

resul t could be e s t imated . I t  was decided that the  mean t i tre  o f  

these resu l t s  should be used as  the f i nal resul t and in  a l l  subsequent 

analyses . I f  one resu l t  was markedly d i fferent from the o ther f ive , 

i t  was omi t ted , o t herwis e , all  six  f igures were used  in  the 

calcula t ion of  the mean . These obviously anomalous resul t s  were 

almos t invariably from the original t es t ,  probably ref l e c t i ng the fact  

t ha t  the tes t was s t i l l  b ei ng developed when these origina l  read i ngs 

were made . 

For those sera whi ch d i d  no t have to  be subj e c t ed t o  the s econd 

check i ng procedure , the f i rs t  re tes t resul t was used in the f inal 

analy s i s  rather than the original . Thi s  was done because  these t e s t s  

were carried ou t a s  a s i ngle ba t ch and s o  the resul t s  should b e  more 

comparable , one wi th ano ther . 

As t he complemen t 

employing wel l  des igned 

f ixat ion tes t was a s t andard procedure 

qual i ty con t rol measures using s t andard s e ra 

t o  d e t ec t  changes i n  sens i t iv i t y ,  i t  was no t cons idered necessary t o  

repe a t  the t es t  o n  a l l  t h e  samples a t  the end o f  t h e  experimen t .  

However , samples whi ch se emed to have given unexpe c t ed resu l t s  were 
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retes t ed e . g .  a con t rol animal hav ing one pos i t i ve resul t but  nega t i ve 

throughout  the res t of the t r ial , or a ram wi th a cons i s t en t ly high 

t i tre hav ing a sudden , temporary drop  in t i t re on a s ingle occas i on .  

Samples wh i ch had been an t i complemen tary and thus given no 

resul t were also re tes ted . 

When the retes t results  were compared wi th the or iginal f igures , 

many were id en t i cal , and these were not inves t iga t ed fur ther . Thos e  

tha t  were d i ffe ren t were subj e c t ed to a second re t es t ing , so that  

three resul t s  were avai lable . If  two  of the  three resul t s  were  the  

same , tha t t i t re was taken t o  be the  f inal resul t .  If  t hey were all  

d i f feren t , the  m id d le  t i t re was taken as  the  resul t .  I f  there were 

only two t i tres avai lable ( i n the case of  an t i complementary samples ) ,  

the mean o f  the two results  was used . Samples whi ch were cons i s t en t ly 

an t i complemen tary were l e f t  out o f  t he subsequen t analys i s .  

The gel d i f fusion tes t s  were not  repeated . 

On various occas ions throughou t the t ri al , rams would be miss i ng 

from the mob e i ther temporari ly ( e . g .  miss ed the mus t e r  o r  being used 

for mat ing )  or permanen t ly ( e . g .  sold or  d i ed ) . This  mean t tha t  the 

numbe r  of rams i n  a t rea t men t group was as low as 18 i n  one group on 

one occas i o n ,  but  usually the numbe r  ranged between 22 and 26 . Thi s  

var i a t i on was carefully calculat ed for i n  the subsequent analys i s  o f  

the resul t s . 

Measurement of  Les i ons caused by Subcu taneous Vacc i na t i on 

A t  each v is i t ,  the subcutaneous vaccina t i on s i tes  were palpa t e d . 

I f  no les i on could be iden t i f i ed ,  t h i s  fac t was recorded . I f  a les i on 

was palpa t e d , i t  was measured across i ts width  us ing call i pers o f  the 

type used for measuring tubercul i n  reac t i ons in  cat t l e . Asymme t r i cal  

les i ons  were  measured on  a cran i o-caudal ( ho r i zon tal ) axi s .  Thi s  was 

usually the smaller d i mens i on .  
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In add i t i on ,  the number of les ions d i scharging necro t i c  mat erial  

through a s inus was recorded . 

S ta t i s t i cal Me thods 

To evalua t e  the sign ifi cance of d i f ferences in group means i n  

this  experimen t ,  95% con f idence limi ts were used . ( See Append i x  6 )  

For qua l i tative data,  the chi -squared me thod was used t o  tes t 

the s ign i f i cance of any d i f ferences between groups . Ya t e ' s  corre c t i on 

was always employed in  these calcula t ions , as there was only one 

d egree of freedom . A d i f ference at the 5% level of  s i gn i f i cance 

( P <O . OS )  was chosen as that wh i ch was to  be  cons idered s t at i s t i cally 

s i gni f ican t for the purposes of this  s tudy . ( See Append i x  6 )  

Sens i t ivi ty, Spe c i f i ci ty  and Repeatab i l i ty Measurements 

A )  The sens i t ivi ty  es t ima t es made for the serological tes t s  were 

calculated as follows : 

Sens i t iv i ty ( % )  100 - percentage  o f  false negat i ves 

Resu l t s  were clas s i fi ed as " false negat ive" i f  they were 

ob tained f rom the serum of  vaccina t ed rams whi ch had a pos i t ive resul t 

t o  the t es t  on a prior and subsequent o ccas i on .  

B )  The speci f i c i ty es t imates  made for the serologi cal t es t s  were 

calculated as follows : 

Spec i f i c i  ty ( % )  100 - percen tage o f  false pos i t ives 

Sample s  giving a pos i t ive res u l t  were clas s i f i ed as " false 

pos i t ive"  when they were obtained f rom unvaccinated rams , as these 

animals were f ree o f  na tural infec t i on .  
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C )  The repea tab i l i ty es t ima tes made for the serologi cal t es t s  

were calcula ted a s  follows : 

number o f  samples p roducing resul ts  in same in t erpre t a t ion 
cat egory ( pos 1 t i ve , nega t ive or sus p i c i ous ) when retes ted 100% 

- -- - - - - ------ - - - - - - - - - ------------ - - - - - - - - - - - - - - - - - -------- X 

NOTES 

to tal number of samples re tes t ed 1 

1 )  " Ramovexin"  - Coopers Animal Heal th  N . Z .  Ltd . Inac t iva t ed 

Brucella ovi s  saline-in-o i l  vaccine prepara t ion . 

2 )  "Venoj ec t "  blood co llec tion equi pment - Terumo Corpora t i on . 

3 )  Elkay Labora tory Produc ts  U . K . L t d . 
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VI SIT 

NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Table 3 . 1 

Schedule o f  Vaccina t i on and Blood Collec t ion Procedures 

In a S tudy Of The Se rologi cal Res pons e  of  Rams to 

Vac c i na t i on Agains t Brucella ovi s  Infec t i on 

DATE 

9 . 8 . 83 

24 . 8 . 83 

20 . 9 . 83 

18 . 10 . 83 

1 . 1 1 .  8 3  

29 . 1 1 . 83 

20 . 12 . 83 

24 . 1 . 84 

13 . 3 . 84 

30 . 5 . 84 

10 . 7 . 84 

10 . 9 . 84 

TJEEK 

NUMBER 

0 

2 

6 

10 

12 

16 

19 
24 

3 1  

42  

48 

57 

VACCINATE VACCINATE COLLECT 

1 s/c  group 2 s / c  group BLOOD 

& 1 i / p  group & 2 i / p  group SAMPLES 

+ + 

+ 

+ 

+ + + 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
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RE SULTS 

Freedom From Brucella ovis  i n fect ion 

There was no ev idence of the introduc t i on of  Brucella ovis 

i nfec t ion into  any o f  the three flocks du ring this  experimen t . None 

o f  the rams developed palpable les ions of  e p i d i dymi t i s , and the 

unvacc i na ted con t rol animals rema ined serologi cally nega t i ve to  the 

B rucella ovis complement  fixat ion tes t throughou t the t r i al . 

Complemen t Fixa t i on Tes t 

There were no pos i t ive or  sus p i c i ous reac t ions to  the complement 

f i xa t ion t es t at  any t i me from an imals in the con t rol group . Among 

the vaccinat ed groups , there appeared to be some obvi ous d i fferences 

in t i t re pat tern following vaccina t ion . ( See Figure 3 . 1 ) .  In order 

to t es t  the sign i f i cance of these apparent d i f ferences , the 95% 

c on f i dence l i m i t s  of  the means were calculated and the resu l t s  p lo t ted 

as shown in Figures 3 . 2 - 3 . 7 .  �here there i s  no overlap between the 

i llus t rated confidence l i m i t s  for the groups , there is  a 95% certai n ty 

that  t here i s  a real difference be tween them , n o t  due t o  chance . 

After the comple t ion o f  the vaccinat i on programme , the mean 

t i t re of the double subcutaneous group (2 s / c )  was always the highes t 

and that o f  the s ingl e  i n t raperi t oneal group ( 1  i / p )  a lways the 

l owes t .  

The rise  in  mean t i t re a f t e r  ini t ial vaccinat ion appeared t o  

t ake place more s lowly i n  the intraperi toneal groups ( 1  i / p  and 2 i / p )  

t han i n  the corres pondi ng subcu taneous groups ( 1  s/c  and 2 s / c ) . The 

m ean t i tre o f  the i n t raperi toneal group in each case remained 

s i gn i f ican t ly lower than tha t  of  the correspond i ng subc u t aneous group 

unt i l a t  leas t 12  weeks a f t e r  vaccination ( Figures 3 . 2  and 3 . 3 ) .  The 

mean t i tre of rams vacci na ted i n t raperi toneally also remained lower 

and decli ned more rap i d ly than that of  rams vac c i na t ed by a 

corresponding subcutaneous t e chni que , although on only one occas ion 

a f t e r  20 weeks was this d i f f erence s ign i f i can t s ta t i s t i cally for the 
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2 s i c  and 2 i l p  groups , and on j us t  two occas ions for the 1 s i c  and 

1 i l p  groups . 

F igures 3 . 4  and 3 . 5  i l lus trate  the d i fference in the t i t re wh ich 

was produced by one dose of vaccine in compar i son wi th two doses when 

the same route of  admin i s tra t i on was used . In the case of the 

subcu t aneous rou te  ( Figure 3 . 4 ) , once the mean t i t re of  the 

s ingle-dose group ( 1  s i c )  had peaked , decline began almos t 

immed i a t e ly ,  whereas the mean t i t re of the double-dose group ( 2  s i c )  

remained rela t i ve ly s t able a t  peak for some t i me before s igni f i can t 

decl ine o ccurred . The d i f ference be tween the two means was qui t e  

marked from 24 weeks onward , bu t d i d  no t become s i gn i f  i can t 

s t a t i s t i cally unt i l  the end o f  the experimen t a t  57  weeks . The 

d i f ference be tween s ingle and double vaccinat ion was far more 

pronounced in the groups vacc inated by the i n t rape r i t oneal rou te  

( Figure 3 . 5 ) .  In this  case , the mean t i tre  of  the s i ngle dose  group 

( 1  i l p )  peaked at  a low level and began a rap i d  decl ine . On only one 

occas i on ( a t  24 weeks ) was the d i f ference be tween the groups not  

s t a t i s t i cally s igni f i can t , and this  was when the  mean t i t r e  o f  t he 

1 i l p  group was a t  i ts peak whi le the mean t i t re of  the 2 i l p  group 

had s ta r t ed to  decline . 

Among the 1 s i c ,  2 s i c  and 2 i l p  groups there were no great 

d i f ferences i n  pa t te rn .  ( Se e  F i gures 3 . 3 ,  3 . 4  and 3 . 6 ) . The greates t 

d i f ferences were s een when the 1 i l p  group was compared t o  the o ther 

three , as shown in F igures 3 . 2 ,  3 . 5  and 3 . 7 .  The mean t i t re of  t h i s  

group was always lower than the  means of the o ther three groups . I t  

was s igni fi can t ly lower than tha t  of the 1 s i c  group on f iv e  out of  

e igh t occas ions a f ter  vac c ina t i on ( Figure 3 . 2 ) ,  s igni f i cant ly lower 

t han that  of the 2 i l p  group on s even out of  eigh t  ( Figure 3 . 5 ) , and 

s i gn i f i cantly lower than tha t  of the 2 sic  group on all e ight 

o ccas i ons af ter  vac c ina t i on ( Fi gure 3 � 7 ) . 

A t  two weeks af ter  i n i t ial  vaccina t ion , a grea t e r  propor t i on o f  

rams t h a t  had been 

complemen t f ixat ion 

vac c i na t ed subcu taneously 

tes t i n  compari son wi th 

were pos i t ive to  the 

those vaccinated 

i n t ra p e r i toneally , but by s ix weeks a f t e r  the i n i t i al vacci na t i on ,  all  

vac c i na t ed animals were pos i t i ve regardless o f  the  t echn i que whi ch had 
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been used . ( Se e  Figure 3 .  8 )  . 

All the rams vacc i nated twi ce ( i . e  in the 2 s/c  or  2 i / p  grou p )  

remained pos i t i ve to  the complemen t fixa t i on test  throughou t the 

experimen t , excep t  for one ram in  the 2 i / p  group wh ich had rever t ed 

t o  a sus p i c i ous t i t re a t  the las t tes t at  57 weeks . 

The rams vaccina t ed only once d i d  not fare so  we l l .  One ram i n  

each o f  t h e  two groups ( 1  s / c  and 1 i / p )  had reverted to  a sus p i c i ous 

t i t re a t  19  weeks , only nine weeks a f t e r  vacc inat i on .  By 2 1  weeks , 

two an imals were nega t ive in  the 1 s / c  group and three i n  the 1 i / p  

group . At  the end o f  the exper i men t ,  three of  the remaining 2 3  

animals i n  t h e  1 s / c  group were nega t ive ( 1 3%) and s i x  ou t o f  t h e  24  

i n  the 1 i / p  group ( 25%) . When suspi c i ous t i t res were also 

cons idered , nearly 30% o f  the rams in  this  group (1  i / p )  were found to  

have los t t he i r  pos i t i ve t i tre s ta tus w i thin a year of  vac c i na t ion . 
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F igure 3 . 1 

S e rological response o f  

B rucella avis  sal ine - in-o i l  

once o r  twice by e i ther 

i n t raper i t oneal rou t e . Mean 

s co res . 

rams to an inac t ivated 

vacc ine admin i s t e red e i ther 

the subcu t aneous or the 

complement  f ixa t i on t i t re 
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Sero logi cal res ponse 

Brucel la ovis  vac c i ne 

subcu taneous or the 

complemen t 

l i mi t s .  

f ixa t ion 

Serologi cal  res ponse 

Brucella ovi s  vac c i ne 

subcut aneous 

complemen t 

l i mi t s .  

o r  the 

f i xa t i on 

Figure 3 . 2  

of  rams to 

adminis tered once 

intraperi toneal 

t i t re s cores and 

F igure 3 . 3  

an inac t iva t ed 

by ei ther the 

rou t e . Mean 

95% confi dence 

o f  rams 

admi n i s t e red 

to an 

twice  by 

inac t ivated 

ei ther the 

i n t raperi t oneal 

t i t re s cores and 

rou t e . Mean 
95% con f idence 
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Figure 3 . 4  

Serological response of rams to  an inac t i va ted 

Brucella ovis vaccine admi ni s t ered ei ther once or twice by 

the subcu taneous rou t e . Mean complement f ixa t ion t i t re 

s cores and 95% con f i d ence l i mi t s .  

F igure 3 . 5  

S e rologi cal response o f  rams to an i nac t i va t ed 

Brucella ovi s vacc ine admin i s t ered ei ther once or twi ce by 

t h e  i n t raperi toneal rou t e . Mean complemenL f i xa t ion t i t re 

s cores and 95% con f i dence l imi t s . 
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F igure 3 . 6  

Serologi cal res ponse o f  rams to an inact iva t e d  

B rucella o v i s  vac c ine adminis tered e i ther once by the 

subcu t aneous rou t e  or twi ce by the i n t raper i toneal rou t e .  

Mean complemen t f i xa t i on t i t re scores and 95% conf idence 

l imi t s . 

F igure 3 . 7  

Serological re sponse o f  rams t o  an i nac t ivated 

Brucella  ov i s  vac c i ne admi n i s tered e i ther once by  the 

i n t raperi t oneal rout e  o r  twi ce by the subcu t aneous rou t e . 

Mean compl emen t f i xat i on t i t re scores and 9 5% confidence 

l i mi t s .  
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F igure 3 . 8  

Percen t age o f  rams hav ing a pos i t ive reac t i on t o  the 

complemen t f i xa t i on tes t ( i . e .  a t i tre s core of  8-24 ) 

a f t e r  hav ing been vaccina t ed e i ther once or t w i ce by 

e i ther t he subcutaneous or  the  i n t raperi toneal rou t e  us i ng 

an i nac t i vated Brucella ovis vac c i ne .  
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Enzyme Li nked Immunosorben t Assay 

The mean ELI SA t i tre of  the con trol group always remained in  the 

negat ive range . Several pos i t ive and sus p i c i ous results  from con t rol 

group animals in  the original resul ts were all  found to be nega t ive 

when the sera we re subsequen tly re tes ted . 

The regular pat tern of t i tres r i s ing to a peak and then 

gradually decl ining , s een in the complemen t f ixat ion tes t resul ts  

( Figure 3 . 1 )  was no t s o  clear for the ELI SA tes t ( F igure 3 . 9 ) .  

As was noted from the complemen t f ixa t i on resul ts , the mean 

t i tre of rams vac c i na ted i n t raperi toneally rose more s lowly , had a 

lower peak , and rema ined lower than that of  rams vaccinated by a 

correspond ing subcu taneous me thod . ( See Figures 3 . 10 and 3 . 1 1 ) . 

Rams vacc i na t ed once had a lower mean t i tre than those 

vacci nated twice by the same route . ( See  Figu res 3 . 12 and 3 . 1 3 ) . 

Because o f  the great  var i a t i on in  individual t i t res and consequen t ly 

wide 95% con f idence in tervals , the s t a t i s t i cal  s ign i f i cance o f  any 

observed d i f ference was d i f f i cult  to prove . 

Again , the mean t i tre  o f  the 2 s/c  group was always the highes t ,  

and the mean t i t re of  the 1 i / p  group always the lowes t .  

Stat i s t i cally s ign i f i can t d i f ferences i n  mean t i tre  to the 1 i / p  group 

could be demons t ra t ed on four ou t of  eigh t  o ccas i ons a f t e r  vacci na t i on 

for the 1 s/c  group , on f i ve out of e igh t f o r  the 2 i / p  group , and on 

all e ight occas i on s  for the 2 sic group . ( See F i gures 3 . 10 ,  3 . 1 3 and 

3 . 1 4 ) . 

All the rams i n  the 2 s/c  group were pos i t i ve to the tes t by s i x  

weeks after  vac c ina t i on and remai ned so throughou t the t r i al ( F igure 

3 . 1 5 ) . 

One ram i n  the 2 i / p  group fai led to  become pos i t ive un t i l  af ter  

the  second vacci na t i on ,  and by  the end of  the exper imen t this  ram had 

the lowes t t i t re i n  the group . However , once pos i t ive all the animals 

in  this  group rema ined so throughou t the experimen t .  
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One ram in the 1 s/c  group never became pos i t ive to  the ELI SA 

t es t  despi te  be ing pos i t ive to the comp lement  f ixat ion tes t for a two 

mon th pe r i od . However , all the o t her rams in that group became 

pos i t ive and s t ayed tha t way for the durat ion o f  the experimen t .  

In the 1 i / p  group , two rams never became pos i t ive . Ano ther ram 

was pos i t ive on only one occas i on ,  and ano ther pos i t ive only twice . 

Some of these rams were pos i t ive to the complemen t f ixa t i on tes t on 

occas ions when they remained nega t ive to  the ELI SA tes t .  By the end 

o f  the experiment , wi thin a year of vaccina t i on , one t h i rd ( 33% ) of  

the rams vaccinated once i n t raperi toneally had rever ted to  a nega t i ve 

o r  sus p i c i ous ELISA t i t re .  
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Figure 3 . 9  

Serologi cal response of  rams to an i nac t i vat ed 

Brucella ov i s  saline-in-o i l  vacc i ne adm i n i s tered e i ther 

once or twice by e i ther the subcu taneous or the 

i n t raperi toneal rou t e .  Mean ELI SA t i t res . 
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F igure 3 . 10 

Serologi cal res ponse o f  rams to an i nac t i va t ed 

B rucella ovis  vaccine admini s t ered once by e i ther the 

subcutaneous or the i n t raper i toneal rou t e .  

t i t res and 95% confi dence l i mi ts .  

Serologi cal response 

Brucella ovis vaccine 

F igure 3 . 1 1 

o f  rams 

adm i n i s tered 

to an 

twi ce 

subcu taneous or the i n t raper i toneal route . 

t i t res and 95% con f idence l imi ts . 

by 

Mean ELISA 

inac t i vated 

e i ther the 

Mean ELISA 
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Figure 3 . 1 2 

Serolog i cal response of  rams to an inac t i vated 

Brucella avis vaccine adminis tered ei ther once or  twice by 

the subcu taneous rou t e .  Mean ELISA t i t res and 95% 

con f idence lim i ts . 

Figure 3 . 13 

Serological response o f  rams to an inac t i vated 

Brucella avis  vac c i ne admi n i s tered e i ther once or twice by 

the i n t raperi t oneal rou t e .  Mean Elisa t i tres and 95% 

conf idence l im i t s . 
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F igu re 3 . 14 

Sero logi cal response o f  rams to an inact ivated 

B rucella ovis  vaccine admin i s tered ei ther once by the 

i n t raperi toneal rou te  or  twi ce by the subcu taneous rou t e . 

Mean ELI SA t i t res and 95% conf i dence l imi ts . 
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Figure 3 . 15 

Percen tage o f  rams hav ing a pos i t ive reac t i on to  the ELISA 

tes t ( i . e .  a t i t re o f  90 or  more)  after  hav i ng been 

vaccina ted e i ther once or twice by ei ther the subcu taneous 

or the i n t raper i t oneal rou te us ing an inact iva ted 

B rucella ovis  vaccine . 
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Gel Di f fus ion Tes t 

For the purposes of  these compari sons , sera giv ing a susp i c i ous 

resul t in  the gel d i f fus i on t e s t  were classed as pos i t ive , as the 

sens i t i v i ty of t h i s  tes t is low ( �orthington e t . al . , 1984 ) , and these 

sus p i c i ous sera were usually pos i t ive when tes ted by the complement 

f i xat ion tes t or the ELISA . 

There were only two sera from rams in the con tro l  group tha t 

were no t nega t ive . At 1 2  weeks , one ram had a pos i t ive t i t re and 

ano ther a sus p i c i ous reac t i on in the tes t . These two sera were both 

negat ive to the complement f ixa t i on tes t and the ELISA .  

The 1 s / c ,  2 s/ c ,  and 2 i / p  groups behaved i n  a s imi lar manner 

to each o ther i n  the i r  reac t i ons to  the gel d i f fusion tes t from six 

weeks a f ter final  vaccina t i on ( i . e .  once t i t res had been allowed 

su f f i c i en t t ime to develop ) .  The 1 i / p  group , however , d i splayed a 

d i f feren t pa t tern in  compar i s on wi th the other vacci na t ed groups . 

A f t e r  vaccina t i on , this group had a s igni f i can t ly lower p ropor t ion o f  

pos i t i ve rams than any of the o ther three groups on all bu t two 

occasi on s . Only on the las t tes t at  57  weeks was the d i f ference 

be tween the 1 i / p  group and the 2 s/c  group not s t a t i s t i cally 

s ign i f i cant . 

A t  the end of  the experiment , less than 55% of  the rams in  the 

1 i / p  group had pos i t ive reac t i ons to  the gel d i f fus i on tes t ,  whereas 

over 75% o f  the rams in each of the o ther three groups were pos i t ive . 
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F igure 3 . 1 6 

Percentage of  rams hav ing a pos i t ive reac t ion to the gel 

d i f fus i on tes t af ter hav ing been vaccinated e i ther once or  

twice by ei ther the subcutaneous or the in t raper i toneal 

rou t e  us i ng an inac t i vated Brucel la ov i s  vacc ine . The 
po i n t s  at wh i ch be tween-group d i fferences were signi f i can t 

a t  the 5% level to a chi -squared tes t are indi ca ted on the 

graph i n  a manner explained by the key . 
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Subcut aneous Reac t i ons 

The les ions tha t  resul ted from subcutaneous vaccina t ion were 

frequen t ly over Scm i n  d i amet er . Two weeks after  vaccinat ion , the 

average s i ze of the les i on from the second i nj ec t i on given to the 

2 sic group was grea ter than that o f  the les ion f rom the f i rs t  

inj ect ion given to the 2 sic  group or that o f  the les ion from the 

single inj ect ion g i ven to the 1 sic group when these lat ter two were 

at the same s tage . ( See F igure 3 . 1 7 ) . The average s i ze of this  

les ion ( second vaccinat ion s i t e ,  2 sic  group)  then reduced rapi d ly 

before s tabi l i s i ng at  an average s i ze whi ch was smaller than that o f  

the o t her two s i t es . The di f ference between the s i ze of  the les i on at  

th is  second vaccina t i on s i te o f  the 2 s i c  group and tha t of  the les i on 

at the f i rs t  vac c i na t ion s i te of  the 2 s i c  group was s tat i s t ically 

signi f i can t (when tes ted by 95% conf idence l i mi t s )  throughout the 

exper i ment ,  and on three occas ions the d i f ference in  les ion s i ze 

be tween the second vacc i na t i on s i te of  the 2 sic  group and the 

vaccina t i on 

s ign i f i can t .  

s i te o f  the 1 sic  group was also s ta t i s t i cally 

The average les i on s i ze of  the f i rs t  vaccina t i on s i te of  the 

2 sic group was larger than that of the o ther two s i tes throughou t the 

t ria l  except for one occas ion at 12  weeks , and on some occasi ons this  

d i fference was s t a t i s t i cally s igni f i cant . The  lesions of  the rams 

vacci nated only once ( 1  s i c  grou p )  usually had an average les ion s i z e  

be tween that o f  the o ther two s i t es .  

The admi n i s t ra t i on o f  the second vac c i na t i on in the 2 sic  group 

appeared to cause an i ncrease in the prop o r t ion of  les i ons over 30mm 

in d i ameter at the s i te of the f i rs t  inj ec t i on .  ( See F igure 3 . 18 ) . A 

les i on this s i ze would be eas i ly fel t when pass ing a hand over t he 

ani mal ' s  neck . Les i ons of  these propo r t i ons were in  the maj or i ty a t  

t h i s  f i r s t  i nj ec t i on s i te  throughout the remainder of  the t r ial , whi le 

a t  the s i te o f  the second vaccina t i on the p ropor t ion o f  lesi ons as 

large as this rapi d ly reduced . 
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Of the 78 subcu taneous vacc ina t i on s i t es s t udied , 23 ( 30% ) were 

seen to d i scharge necro t i c  mater ial . When this occurred , the s i ze o f  

the les ion of ten reduced rapidly and f requently resolved comple tely . 

The s i te at  whi ch the grea tes t propo r t ion o f  les ions d i scharged ( 54% ) 

was that o f  the second vaccinat ion of  the 2 s/c  group . Th i s  s i t e also 

had the greates t p ropor t i on of rams wi thou t de tec table les ions at the 

end o f  the exper i men t ( See Figure 3 . 1 9 ) . 

Of three rams in the 1 s/c  group whi ch had rever t ed to  a 

nega t i ve complemen t fixa t i on t i tre by the end of  the exper iment , the 

two whi ch rever ted to nega t i ve at  the ear l i es t  s tage had no detec table 

les ion a t  the s i t e of  inj ec t ion by the end of the exper i men t .  The 

les ion of one of these rams was pal pable  on only one occas i on ,  two 

weeks af ter vac c i na t i on , and the les i on o f  the o ther d i s charged two 

weeks af ter vacc ination and 12 weeks later  was no longer detec table . 

The mos t i mportant  observa t i ons were that these subcu t aneous 

lesions can and do pers i s t  for long per i ods of t ime ,  at leas t 

1 2  months and probably much longer ; that a de t ec table les i on of  some 

sort  invari ably developed at the vacc ina t i on s i te  at some s t age dur i ng 

the experimen t ;  and that by the end o f  the experiment at  57  weeks , 

64% o f  vacci na t i on s i tes s t i ll had palpabl e  les i ons , and 36% of  these 

were 30mm or  mor e  in s i ze ,  and there fore qui te eas i ly fel t when 

pas s i ng a hand over the animal ' s  neck . 
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Figure 3 . 17 

Mean s i ze o f  local les i on a t  the s i te o f  e i ther the f i rs t ,  

second o r  sole subcu taneous inj ect i on o f  inac t ivated 

Brucella ovis  vacc i ne .  
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F igure 3 . 18 

Propor t i on o f  local les i ons resulting from ei ther the 

f i rs t , s econd or sole subcutaneous inj e c t i on o f  

i nac t i va t ed Brucella ovis  vaccine whi ch were 30mm o r  mo re 

in d i ame t e r . 
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F igure 3 . 19 

Propo r t ion of  f i rs t , 

B rucella ovis  vacc i na t i on 

palpable . 

second 

s i tes 

or sole 

which had 

subcu taneous 

no les i on 
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Tes t repea tabi l i ty 

Ou t of  the 12 93 samples o r iginally tes t ed us ing the complemen t 

f i xa t i on me thod , 39 ( 0 . 03% ) were an ti complementary . These 39 samples 

originated from 16  animals : 

9 rams had 1 an t i complemen tary (AC )  resul t ,  

2 rams had 2 AC resul ts , 

1 ram had 3 AC resul ts , 

2 rams had 4 AC resul ts , 

1 ram had 7 AC resul ts , and 

1 ram had 8 AC resul ts out o f  the 1 2  tes t s . 

Of the 39 AC resul ts , 2 3  ( approximat ely 60% ) or iginat ed f rom 

j us t  four of the 16 rams ( 25 %) . 

Of a total of  42 an t i complemen tary sera whi ch were re tes ted , 

only seven ( 1 7%)  remai ned an t i complemen tary a t  the second tes t .  ( See 

Table 3 . 4 ) . Of these seven , f ive were from j us t  one ram . 

The sera selected to  be re tes ted by the complement fixa t i on 

me thod were no t a random s ample , bu t rather were those sera whi ch had 

e i ther given an unexpec t ed resul t or been an t icomplemen tary . Even so , 

the repea tab i l i ty o f  the tes t for interpre t a t i on category was 

rema rkably good . Of the sera whi ch d i d  no t p roduce exac t ly the same 

t i t r e  at both tes t s , the vas t maj or i ty ( 86% ) were s t i l l  wi thin one 

serial  d i lu t ion value o f  each o t her ( e . g . a t i t r e  of 45 might give a 

result  be tween 4 4 and 46 when retes ted ) . 

Fo r the ELI SA tes t ,  the maj o r i ty of  sera whi ch had changed 

i n t e rpre tat ion category u pon retes t ing were e i ther pos i t ive o r  

suspici ous at  the i n i t ial t es t  b u t  became negat i ve when retes ted 

( 56%) . Thi s  sugges t s  poor s peci f i c i ty in the origina l  t es t .  ( I t  mus t 

be remembered tha t , a t  the t ime o f  this experimen t ,  the ELI SA tes t was 

s t i l l  under developmen t ) . A fur ther 1 6% wen t f rom sus p i c i ous to  

pos i t ive , 10% each f rom nega t ive to pos i t ive o r  pos i t ive t o  

sus p i c i ous , and 8 %  f rom nega t i ve to sus p i c i ous . When subj ec ted t o  

fur ther re tes t i ng ( four t imes ) to provide a f inal es t imate based o n  

mean t i t re as descri bed i n  the methods , mos t sera had a f inal resul t 
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tha t  agreed wi th the second tes t ( f i rs t  retes t )  value . 

The repeatabi l i ty of the complement  f ixa t ion tes t  was 96% , and 

for the ELI SA i t  was 90% , ( see Table 3 . 4 ) , and this d i f fe rence was 

highly s ign i fican t to the chi -squared tes t ( P <0 . 001 , s i gn i f i cant at  

the 0 . 1% level ) .  

Tes t  Accuracy 

The e s t imated sens i t i v i ty o f  the complemen t f ixa t ion  tes t was 

9 9 . 9% ,  for the ELISA i t  was 99 . 2% ,  and for the gel d i f fu s i on tes t i t  

was 9 1 . 3% . The es t imat ed s peci f i c i  ty o f  the complemen t f i xa t i on tes t 

was 100% , for the ELISA i t  was 9 9 . 6% ,  and for the gel d i f fusion  tes t 

i t  was 99 . 1% . ( See Table 3 . 5 ) . The d i f ferences i n  the sens i t iv i ty 

and speci f i ci  ty o f  the complement f ixa t i on and ELISA t es t s  were no t 

s t a t i s t i cally s i gn i f i can t when tes ted by the chi -squared me thod . 

Sixty-seven ( approxima tely 50% ) o f  the 135 nega t ive and 

sus p i c i ous ELISA results from vaccinated animals had a pos i t i ve 

complemen t f ixa t ion test  resu l t  for  the same sample , and were pos i t ive 

t o  the ELISA on a subsequent o ccas ion . Mos t o f  these were f rom sera 

colle c t ed in  the f i r s t  few weeks a f t e r  vacc i nat i on . 

For the gel d i f fus ion tes t , 187 ( approximately 77%)  o f  the 244 

nega t ive and sus p i ci ous resu l t s  f rom vaccina ted animals had a posi t ive 

complemen t f i xa t i on tes t resu l t  at the same tes t and were pos i t ive t o  

the g e l  d i ffusion  tes t o n  a subsequen t occas ion . 
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Table 3 . 4  

Repea tab i l i ty o f  the Complemen t Fixa t i on Tes t 

and the Enzyme Linked Immunosorbent As say 

in the Detec t i on of An t i body Response to  Vaccinat ion 

Aga inst Brucella ovis Infec t i on 

CFT ELI SA 

Number o f  sera retested 430 1785 

Number of sera f rom 

vacc ina t i on sero logy t r i al 401 1 184 

Number of sera f rom 

o ther exper i men ts 29  601  

Number an t i complementary 

at  origina l  tes t 42 

Number o f  above sera 

an t i complemen tary at re tes t ing 7 

Number r e tes ted sera not 

an t i complemen tary or iginally 388 1785 

Number i n  same in terpretat ion 

category at both tes t s  3 7 2  1600 

Es t ima ted repeatab i l i ty 

o f  tes t f o r  i n terpretat ion 

category 96% 90% 
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Table 3 . 5  

E f f i c i ency of  the Complement  F i xa t i on Tes t , 

Enzyme Linked Immunosorben t As say and 

Gel Di f fus i on Tes t in  Detec t i ng An t i body Respons e to  

Vaccina t ion Agains t Brucel la ovis  Infec t i on 

CFT ELISA GD 

Total  number of sera 1 2 93 1 185 1 185 

Sera from unvaccina t ed 
animals 383 269 321 

Sera from vacci n a t ed 

animals 910 9 1 6  864 

P ropor t i on of sera 

f rom vaccina t ed ani mals 

that were a )  pos i t ive 9 2% 85% 72% 

b )  sus p i c i ous 1% 3% 6% 

c )  nega t ive 7% 1 2% 22% 

% false pos i t ive  resul ts  

f rom unvaccinated animals 0% 0 . 4% 0 . 9% 

% false negat ive  resul t s  

f rom vaccina t ed ani mals 0 . 1% 0 . 8% 8 . 7% 

Es t ima t ed speci f i c i ty 100 . 0% 99 . 6% 99 . 1% 

Es t ima t ed sens i t i v i ty 99 . 9% 99 . 2% 9 1 . 3% 
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DI SCUSSION 

An t i body Response To Vacc ina t i on 

The serologi cal results of this t r i al have demons t ra ted a 

cons is ten t ly d i f feren t t i t re pat tern in groups of rams vaccina t ed 

twice subcu taneously in  compari son wi th those vacc inated once 

i n t rape r i t oneally . Comp lemen t fi xa t i on t i t res of rams vaccinated 

twi ce subcu taneous ly tend to rise rap i d ly , remain  high for 

approximat ely six mon ths and then decline slowly . In rams vaccinated 

once i n t raper i t oneal ly , the rise  in t i t re tends to take place more 

s l owly , peak at a lower level , remain  at  peak f o r  only approxima tely 

two mon ths , and decli ne rapidly . Th i s  d i s t i nc t ion  is  clearly shown i n  

F i gure 3 . 7 .  The d i f ference in  res ponse be tween the two groups was 

clearly demons t ra t ed not  only in the complemen t f i xa t i on tes t resul t s , 

bu t also in those o f  the gel d i f fus ion tes t ( Figure 3 . 16 )  and the 

ELI SA ( F i gure 3 . 14 and 3 . 15 ) . I t  was a con s i s ten t resul t wi th 

s tat i s t i cally proven s igni f i cance in  all three of  the s erolog i ca l  

te s ts  used . 

The infer i o r i ty o f  the s i ngle i n t raper i toneal technique appears 

to  comprise  two elemen ts : 

1 )  The unreli ab i l i ty of  a s i ngle vaccine dose i n  comparison wi th 

a double vaccina t i on technique . 

2 )  The route  o f  adminis t ra t ion . 

I t  i s  clear that Buddle cons idered the pro tec t i on conferred by a 

s ingle d ose of  the B rucella ovis vaccine to be unsat i s fact ory . Th i s  

was demons t rated b y  Buddle e t . al .  ( 19 6 3 )  u sing the i nac t ivated 

Brucella ovis sal ine- in-o i l  vaccine whi ch became the bas i s  o f  the 

commer c i al vaccine "Ramovexin" used in  this s erology expe r i men t .  I n  

t h i s  t r i al ( Buddle  e t . al . , 1963 ) , 1 8  ou t o f  42  rams g iven a s i ngle 

dose o f  the Bruce l la ovis vacc ine became i n f e c ted a f t e r  int ravenous 

challenge ( 43% ) , bu t only 4 out of 41 whi ch had been vaccina t ed twice  

w i t h  the  same vac c i ne ( 10%) . Thi s  conforms to  well  es tab l i shed 
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i mmunological p rinci ples . I t  is  usually cons idered necessary to 

admi n i s ter more than one dose of a killed bac t e r i al prepara t i on to 

confer  adequa te res is tance , as i t  is  no t as an t i geni c  as , and confers 

a less pers i s tent res is tance than a live at tenuated vaccine 

( He r ber t ,  1 9 70 ) . 

The fact that the Brucella ovis vacc ine requ i res an o i l  adj uvan t 

to  enhance i ts immunogen i c i ty ( Buddle , 1954 ) also sugge s t s  that i t  

would  b e  unwi s e  to rely on a single vaccine dose t o  i nduce adequa te  

immun i ty ,  and this was borne out  in  the experiment o f  Buddle 

e t . al .  ( 1 963 ) , des cribed above . 

Al though all the vacci na ted rams in  the exper i men t became 

pos i t i ve to the complement f i x a t ion tes t , four rams fai led to react to  

th e  ELI SA a f t e r  ini t i al vaccination .  Three o f  these were i n  t rea tment 

groups vaccina ted only once , (1  s/c  and 1 i / p  groups ) and these rams 

never became pos i t ive to the ELISA tes t .  The o t her was i n  the 2 i / p  

group , and became pos i t i ve a f ter the second vaccina t i on ,  i llus t rat ing 

one o f  the advan tages o f  using two vaccina t i ons i ns tead of  relying 

upon one . 

Ano ther charac ter i s t i c  o f  the groups vaccina t ed only once ( 1  s / c  
and 1 i / p )  was that a much greater proport i on o f  t hose r ams returned 

to negat i ve serological  s t a tus than did those in groups vaccinated 

t w i ce (2 s/c and 2 i / p ) , and they also did so much sooner a f t e r  

vacc i na t i on ( see F igure 3 . 8 ) . These ani mals having nega t ive t i tres 

were respons i ble for much of the reduc t i on in average t i t re in t he 

s i ngle vaccina t i on groups . By the end of  the experiment  a t  57 weeks , 

1 9 %  o f  the animals in  the groups vaccinated once ( 1  s / c  and 1 i / p )  

were nega t ive t o  the complemen t fixa t i on t es t ,  1 7% negat ive t o  the 

ELISA , and 3 4% nega t ive to  the gel d i f fus i on tes t .  I n  comparison , 

none o f  the animals i n  the groups vaccina t ed twice ( 2  s / c  and 2 i / p )  

were negat i ve t o  e i ther the complement f ixat i on tes t o r  the ELI SA by 

t he end of the exper i men t , and only 1 9% were nega t ive to the gel 

d i f fusion tes t .  
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I t  appears from the observa t i ons j us t  described , tha t a s ingle 

dose of the Brucella ovis vaccine ''Ramovexin" , although produc ing a 

rise in t i tre for a short period of  t ime , i s  no t s u f f i c i en t  to 

s t imula te cons is ten t ly a long- lived an t i body response in  all rams . 

That would be true for ei ther the subcutaneous or the i n t rape ri toneal 

rou te o f  vaccina t i on . 

The an t i body response of rams vaccinated 

appears to develop more s lowly than that of 

i n t raperi toneally 

rams vaccina t ed 

subcu taneously , and the mean t i tre remains cons i s t en t ly lower 

( F igures 3 . 2 ,  3 . 3 ,  3 . 10 and 3 . 1 1 ) . Thomson e t . al .  ( 1 969 ) claimed that 

following t he i n t raperi toneal vaccinat ion of  sheep w i th a 

mul t i componen t clos t r id ial o i l  emulsion vaccine , the vaccine was 

presen t i n  t he local lymph nodes wi thin 20 minutes . When the vacc i ne 

was used subcutaneous ly , an obvi ous les ion developed , bu t when 
inj ected i n t raper i t oneally , no local reac t i on at the s i t e and no 

sys temic e f fect  was no ted (Thomson e t . al . , 1969 ) . 

I t  i s  though t that oil  adj uvan ts such as those used i n  Thomson ' s  
clos t r i d ial vaccine and in  the Brucella ovis vaccine " Ramovex i n "  may 

work par t ially by causing the vaccine to remain i n-s i tu as a 

long- l i ved depo t ,  s o  prolonging t he durat i on of  t he response . 

( " Immuno s t i mulat i o n " , 1980 ) . The local lesi on produced by the 

subcutan eous adm i n i s trat ion of the vaccine is the v i s i ble  evidence o f  

such a depo t .  A s  n o  local les i on was reported b y  Thomson e t . al .  

( 19 6 9 )  a t  the s i te o f  intraperi t oneal vacci na t i on , i t  appears that the 

oppo rtun i ty to form such a depo t may be den i ed to vaccine depos i t ed i n  
the large peri toneal cav i ty ,  and this may impa i r  i ts abi l i ty to  

s t imulate  the  i mmune sys tem , both  in the long and in  the  short  t erm , 

expla i n i ng the lower t i tres i n  the rams vacci na ted by the 

i n t rape ri toneal rou t e .  

The amount o f  inflamma t i on i tself  may be i mpor tant i n  

determining the s t rength of  the immune response . T i ssue damage may 
cause the release o f  certain fac tors , such as nucle i c  acids , whi ch 

amp l i fy the reac t i on (Merr i t t  and Johnson , 1965 ) . There was some 

evidence from t h i s  experimen t to s ugge s t  tha t a pers i s tent  t i t re may 

be dependen t on a pers is tent i n fl amma tory response a t  the vacci nat ion 
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s i te .  Of three rams in  the 1 s/c  group wh i ch had rever t ed t o  a 

negat i ve complemen t fixa t i on ti tre by the end of  the exper i men t ,  the 
two wh ich rever ted to nega t i ve at the ear l ies t  s tage had no detec t able  

les ion at the  s i te of inj ect ion by the  end of  the  experimen t .  The 

les i on of one of these rams was palpable on only one occas ion , two 
weeks after vacc ina t i on ,  and the les i on of the o the r d i scharged two 

weeks after vacc i nat i on and 12 weeks later was no longer detec table . 

The way in  whi ch mi neral o i l  enhances the immunogeni c i ty o f  an 

an t igen assoc i a t ed wi th it  i s  s t i l l no t complet ely under s t ood des p i t e  

extens ive inve s t iga t i ons by such workers a s  Freund ( 1957 ) ,  Mache r and 

Chase ( 1 969 ) , Wi lkinson and Wh i t e ( 19 6 6 )  and many others . 

Wi th the combined advan tages of  bo t h  a subcu taneous rather than 

an i n t raper i toneal route  and a double rather than a s ingle vacci na t i on 

t echni que , i t  i s  no t surp r i s i ng that the double subcu taneous techn ique 

i nduces wha t appears t o  be the grea tes t and mos t  cons i s tent an t ibody 

response . Equally , one would expect the f i nd i ng that the s ingle 
i n t raperi t oneal techn i que i nduces the poores t ,  mos t i ncons i s tent  

response . These f ind i ngs have grea t prac t i cal  sign i f i cance in  t he 

f i eld , for by changi ng the vaccinat i on p rocess from a double 

subcu taneous t o  a s ingle int rape r i t oneal techni que , as advocat ed by 

Quinlivan and Wallace ( 1975 ; 197 9 ) , ve terinarians are no t only 

reducing the number of vacci na t i ons from two to  one , thereby reduc i ng 

t he eff i cacy , but  also  changi ng from the subcutaneous rou te  t o  the 

i n t raperi t oneal one , whi ch produces an i nferior serologi cal response . 

Thus , the s ingle i n t raper i toneal techni que whi ch has become a common 

prac t i ce i s , on two coun ts at  leas t ,  i nferior  to the es t ab l ished 

two-dose subcu taneous method . I t  mus t be s t ressed that these 

sero logi cal d i fferences do no t necessari ly imply a d i f ference in 

i mmun i ty ,  even though this pos s i b i l i ty i s  s t rongly sugges t ed . 

Challenge t r ials  would be requi red for adequa te  inves t igat i on o f  t h i s  

hypo thes i s . 

7 7 .  



Local Les i ons 

Examina t i ons of  the subcu taneous inj ect ion s i te showed that the 

local react ion produced by the admi n i s trat i on of  the inac t i vated 

Brucella ovis sal ine-in-o il  vacc ine could be qu i t e severe and long 

las t ing .  A les ion invar i ably developed at  the subcu taneous inj ec t i on 

s i te a t  some s t age during the t r ial , in s p i t e  of  the careful technique 

employed , which involved us ing a new , s t e r i le needle and syringe for 

each an i mal . By the end of  the experimen t a t  57 weeks , over 60% of 

the vaccina t i on s i tes s t i ll had a palpable les i on and in 23% of  s i tes 

the les i on was s t i l l  large ( over 30mm in diame t e r )  and easy to detec t . 

The admi n i s t ra t ion of the second vaccina t i on in  the 2 sic  group 

appeared to cause an i ncrease in the propo r t i on of les ions over 30mm 

in d i ameter at the s i te of the f i rs t  inj ec t i on . Les i ons of these  

propo r t i ons were i n  the  maj or i ty at  this  first  inj ect ion s i t e  

throughou t the rema i nder o f  the t r i al , wh i le a t  the s i te o f  the second 

vaccina t ion the propor t ion of  les ions as l arge as this  rapidly 

reduced , ind i ca t i ng the poss i bi l i ty that the cellular response t o  

vaccinat ion may d i f fer be tween the p r i mary and secondary vacci na t i on 

s i tes . 

Thi s  type o f  local reac t i on fol low i ng the subcu taneous 

admi n i s t ra t i on o f  an o i l-based vacc i ne i s  not exclus ive t o  

Brucella  avis prepara t i ons . Thomson e t . al .  ( 1969 ) repor t ed a reac t i on 

of th is  type following the use of  a mul t i componen t clos t r i d ial o i l  

emuls i on vaccine . Ros s  and T i t tering t on ( 1984 ) made a s t udy assess ing 

the s i ze and frequency of  les i ons induced by a commercially produced , 

oi l-based , Bac teroi des nodosus foo t rot vaccine . These two workers 

repor t ed that follow i ng a 1ml dose of t h i s  o i l-based foo trot  vacc ine , 

les ions whose i nd iv i dual max imum d i mens i ons ranged f rom 5-200mm 

developed , and tha t the s i ze of the les i on was not reduced by swabb i ng 

the skin wi th me thanol p rior  to vacc i na t i on .  A propor t i on o f  the 

les ions burs t and d i scharged necro t i c  ma t e r i a l ,  whi ch was s t e r i le . 

They also repor t ed that the les ions had been cri t ici sed by farmers ,  

were uns igh t ly ,  and caused d i scomfo r t  to the animal . They sugges ted 

that these les i ons may necess i ta t e  t r i mming and subsequent downgrad ing 

o f  the carcass at  s laughter . 
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The type of  wa ter-in-o i l  emuls ion used in prepara t i ons such as 

the Brucella avis and Bac tero ides nodosus vaccines is also known 

loosely as Freund ' s  incomple t e  adj uvan t . Because i t  i s  widely 

recogni sed tha t mineral o i l  often causes extens ive and persis tent  

reac t i ons ,  this adj uvan t i s  no t viewed favourably in human medi cine , 

a l t hough i t  has been ex tens ively used in  an imals ( Jolles and 

Paraf , 1973 ) .  This side-e f fec t is apparen t ly unaccep table to some 

ani mal owners also (Qu i n l i van and Wallace , 1975 , 1979 ; Ross and 

T i t ter ing t on , 1984 ) . I t  was j us t  such an unwi l l i ngness on the par t of  

ram owners to  accep t this  s i de effec t wh i ch promp t ed the i n t roduc t i on 

of the i n t raper i toneal rou te for the adminis t rat ion of the 

Brucella avis saline- in-o i l  vaccine ( Quinl ivan and Wallace , 1975 ) . 

Comparison of  Sero logi cal Tes t s  

The mos t reliable serologi cal tes t for t h e  de tec t i on of  an t ibody 

response to vaccina t ion was t he complement f ixa t i on tes t ,  whi ch had an 

es t ima t ed speci f i c i ty of 100% , an es t i mated sens i t iv i ty of 99 . 9% ,  and 

a repea tab i l i ty of 96% . The high accuracy of t he tes t was probably 

largely due to the ex ten s i ve expe r i ence the laboratory had had us i ng 

t h i s  me thod . The techni ques were wel l  defined , and ex t ens ive quali ty 

con t rol measures were rou t inely car r i ed ou t us ing s tandard reagents  

and s t andard sera of  known t i t re .  

One o f  the d i sadvant ages o f  t he complement f ixat i on tes t was the 

uncommon occurrence o f  an t i complementary ac t iv i ty  in serum samples . 

O u t  o f  the 1293 samples originally t es ted i n  this  experimen t ,  39  

( 0 . 03%) , origina t ing from 1 6  rams , were an t i complement ary . Twen ty 

three o f  these ( approx i ma tely 60%) origina t ed f rom j us t  four of  t he 16 

rams ( 25% ) . It  was also no t able that one o f  the rams had an 

an t i complemen tary resul t on eigh t out  of the 12 occas i ons i t  was 

t es t ed ,  and tha t  o f  seven sera tha t remained an t i complemen t ary when 

subj ec ted t o  retes t ing , f i v e  came from j us t  one ram . 
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These observa t i ons all sugges t that th i s  phenomenon may be due 

to an in t rinsic character i s t i c  of the individual ram rather than to 

the way the serum i s  handled and tes ted . 

The maj ori ty ( 83% ) of sera wh i ch were an t i complemen tary when 

originally tes ted had los t the i r  an t i complemen tary ac t ivi ty - and 

indeed gave a resul t that appeared cons i s ten t  wi th the serological 

history of the ram - when the tes t was repea ted on the surplus serum 

whi ch had been s t ored at -20 ° C .  Th i s  may have been due to a change in  

the na ture o f  the test  i tself  ( e . g .  a d i fferen t ba tch o f  red blood 

cel ls ) or i t  may have been due to s ome fac tor associated wi th s torage . 

The ELI SA was simi lar to the complemen t f i xat ion tes t in i t s 

rel i ab i l i ty as a me thod of  de t e c t ing vaccinal t i t res , having an 

es t i ma ted s peci f i c i ty of 99 . 6% ,  an es t imat ed sens i t ivi ty o f  99 . 2% ,  and 

a repea tabi li ty of 90% . Only the d i f ference in repea t ab i l i ty was 

s ta t i s t i cally s igni f icant . 

S i x ty-seven ( approximately 50% )  of 

sus p i c i ous ELISA results  f rom vacci nated 

the 135 

animals 

negat ive and 

had a pos i t i ve 

complement fixa t ion tes t  result  for  the same sample , and were pos i t ive 

to the ELISA on a subsequen t occas i on .  Mos t of these were f rom sera 

collec t ed in the first  few weeks after  vaccina t ion ,  i nd i cat ing that 

the complemen t f i xation t es t  may detect  an t ibody response t o  

vaccinat i on at  an earlier s t age t han the ELI SA . I n  fac t 56  sera f rom 

rams whi ch later became pos i t ive to the ELI SA were nega t ive at  an 

early s t age a f t e r  vaccina t ion when at  the same t i me the complement  

f i xa t i on t es t  was al ready detect i ng them as pos i t ive . 

The clas s i cal pat tern o f  t i t res r i s i ng to  a peak and then slowly 
dec l i n i ng ,  as seen in the complement f i xa t i on tes t , was no t clearly 

d e f i ne d  i n  the ELISA tes t .  Thi s  was probably par t ly b ecause of  the 

enormous variabi l i ty of the ind i v i dual read ings on wha t was a much 

larger numeri cal scale in the ELI SA tes t ,  and par t ly because there was 

no se t upper l im i t to the t i t re read ings as there was in the 

compl emen t f i xa t i on tes t  due to  the p rede termina t i on of t he number o f  

s e rum d i lu t ions tes ted . I t  i s  also known that the ELI SA tes t measures 

d i f fe rent  classes of  immunoglobu l i n  i n  compar ison wi th the complemen t 
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f i xa t i on tes t .  The complement fixat ion test  measures IgG1 , and to a 

lesser ex tent !gM ( Spencer and Burgess ,  1984 ) ,  although there i s  the 

sugges t ion tha t the !gM in  the se rum may be large ly dena tured during 

the prel iminary hea t i ng process prior  to the complemen t f i xa t i on tes t 

( Rahaley e t . al . , 1983 ) . Ovine IgG 2 does not fix  complemen t ,  and i s  

therefore not de tected by the complement f ixat ion tes t ( Rahaley 

e t . al . , 1983 ) . The ELISA tes t ,  however , measures both IgG 1 and IgG2 , 

and , less e f f i c i en t ly ,  !gM (Yorthington e t . al . , 1984 ) . The large 

vari a t ions in ELI SA un i ts some t imes observed for a given complemen t 

f i xa t i on t i tre  may be explained by the d i f fe ren t classes o f  an t ibody 

tha t these two tests  measure ( Spencer and Burgess ,  1984 ) . There also 

seemed to be some degree of  variat ion i n  the ba tches of  sera tes ted by 

the ELI SA me thod at each occas ion ( o r  this  may have been a d i f ference 

in the actual tes t ) . For example , at 3 1  and 57 weeks all the t i t res 

appeared to be unusually high . However , all the groups s eemed to be 

a ffec ted in  a cons i s tent way , so tha t comparisons be tween groups at 

the same tes t were cons idered to be val i d .  Some o f  the apparent 

i ncons i s tenc i es o f  the ELI SA t e s t  may be due to d i ff i cu l t i es 

encoun tered i n  develop i ng this new techni que . 

The gel d i ffus i on tes t was the l eas t reli able o f  the three 

methods , wi th  an es t i mated speci f i ci ty  o f  99 . 1% ,  and an es t imated 

sens i t iv i ty of only 9 1 . 3% .  
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CONCLUSION 

1 )  The serological response of  rams to vaccina t i on us i ng 

inac t i va ted Brucella ov i s  sal ine- in-oil  vaccine was grea ter , more 

cons i s t en t , and more pers i s tent when the schedule i nvolved two vaccine 

doses given a few weeks apar t than when only a single vaccine dose was 

used . 

2 )  The rise  i n  t i tre was mo re rapi d  and the final t i t re level o f  

grea ter magni tude when the subcu taneous rou te  o f  adminis t ra t i on was 

used than when the i n t raper i t oneal rou te  was employed . 

3 )  The mos t  s a t i s fac tory vaccina t i on technique used i n  t h i s  

trial , i n  terms o f  both magni tude and dura t i on o f  an t i body response ,  

was a regime of  two subcu taneous i nj ect ions o f  vaccine gi ven 10  weeks 

apar t . The leas t s a t i s fac tory technique was a s i ngle i n t raper i t oneal 

inj ect i on .  

4 )  The s i ngle subcu taneous and double i n traperi toneal techn iques 

were i n t ermed i a t e  in performance be tween the double subcu taneous and 

s ingle i n t raperi t oneal techniques . 

5 )  There was evidence o f  the val i d i ty o f  the serological resu l t s  

i n  the cons i s t ency shown b y  the three serologi cal tes t s  used i n  t h i s  

tr ia l : the compl emen t f ixat i on tes t ,  the enzyme l inked immunosorben t 

assay and the gel d i f fus ion tes t . All t hree o f  these t e s t s  

demons t rated the same pat te rn of  d i f ferences i n  the an t i body responses 

evoked by the vari ous vaccina t i on techniques employed . 

6 )  Rams vac c i na ted subcutaneous ly invar iably developed a les i o n  

i n  t h e  connec t ive  t i ssue a t  the s i te of  i nj ec t i on .  These were o f t en 

large , and the maj o r i ty pers i s ted for over 1 2  mon ths . Dur i ng t h i s  

period approximat e ly one- third discharged necro t i c  ma terial . 
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7 )  When two spaced doses of vaccine were given to  the one 

an imal , the t i s sue rea c t i on at the two si tes d i f fered . The 

adminis trat ion of the second dose of vaccine , 10 weeks a f ter the f i rs t  

was assoc ia ted wi th an increase i n  the s i ze o f  the lesion a t  the s i te 

o f  the f i rs t  dose . The les ion at  the s i te of the second dose of  

vacc ine ini t i ally develo ped more rap idly and then reso lved more 

qui ckly than that at the f i rs t s i t e .  

8 )  The complemen t f i xa t ion tes t was the mos t sa t i s fac tory me thod 

of de tec t i ng an t i body response to vaccina t i on . I t  detec ted an t ibody 

response at an earl i e r s t age 

l i nked immunosorben t assay and 

af ter vacc ina t i on than d i d  the enzyme 

also had a highe r  level of  

repeatabi l i t y .  The ELI SA in  turn was more s a t i s fac t o ry than the gel 

d i ffusion tes t .  

Because i t  was found i n  this  experimen t that the i nac t ivated 

B rucella ovi s  saline-in-o i l  vacc i ne causes a pers i s t en t  i n flamma tory 

reac t ion when adminis tered by the subcutaneous route , i t  was decided 

to  inves t iga te what local effects  the vaccine might have when 

admi n i s t ered by the i n t rape r i toneal rou t e .  Simi larly , i t  was decided 

that s in ce a d i f ference i n  the serologi cal response to vacc inat ion had 

been demons t ra ted depend i ng on the schedule of  admin i s t rat ion 

employed , i nves t igat ion should be carri ed out into whe ther this  

f i nd ing was re flected by a s i mi lar d i f fe rence in  the res i s t ance to  

i n fect ion o f  animals vacc inated in  d i fferen t ways . For these 

purposes , p athologi cal s tudies o f  vaccina t i on s i tes , and exper imen tal 

challenge t r i als on vacc i na ted rams were i n i t i ated . 
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CHAPTER 4 

LOCAL TISSUE REACTION TO THE ADMINI STRATION OF AN 

INACTIVATED BRUCELLA OVI S SALINE-IN-OIL VACCINE 

INTRODUCTION 

Ever s ince Huddle ' s  experi men ts in t he 1950s and 1960s wi th an 

inac t i vated Brucella ovis sal ine- in-o i l  vacc ine ,  s imi larly formulated 

vacc ines have been recogni sed as a cause of les i ons a t  the 

subcu taneous inj ec t ion s i t e ( Budd le , 1962 ; Claxton ,  1968 ; Quinlivan 

and Wallace , 1975 ) . I t  was shown previ ous ly ( Chap ter 3) that these 

lesi ons can be large and pers i s t en t , and tha t up to  60% of  inj ect i on 

s i tes may s t i ll have a les i on palpable one year a f t er vacc ina t ion . 

Th i s  type o f  local reac t i on in  the subcu taneous t issue i s  not  
pecul i ar t o  the  Brucella ov i s  vacc ine bu t i s  also  seen following t he 

use o f  o ther vacci nes which con t a i n  an oi l-based adj uvan t ,  such as a 

mul t i componen t clos t ridial  o i l -emuls i on vacc ine ( Thomson e t . al . , 

1969 ) , and an o i l-based commercial foo t ro t  ( Bacteroides nodosus ) 

vac c i ne ( Ross and T i t terington , 1 984 ) . 

Because i t  i s  widely recogn i sed that mineral o i l  causes t h i s  

type o f  reac t ion , adj uvan ts  based on 

human med i c i ne ( Jolles and Paraf , 1973 ) .  

this  mat erial  are avo i ded i n  

Thi s  unpleasan t s ide-ef fec t 
i s  apparent ly 

Wallace , 1975 , 

Wal lace ( 1975 ) 

unaccep table t o  some animal owners too ( Quinl ivan and 

1 979 ; Ross and T i t t er ington , 1984 ) . Quinlivan and 

cons idered these uns i gh t ly les ions to  be a maj or  reason 

why vaccina t i on agains t  Brucella  avis  had fallen out of  favour wi t h  

sheep farmers . A consequent upsurge i n  the inci dence o f  t he d i sease 

reasse r ted the need for con t r o l  measures , and farmers agai n  began t o  

look a t  vaccina t i on as a n  a t t rac t ive o p t i on ( Qu i n l i van and 

Wallace , 1975 ) . I t  was at t h i s  t ime that the i n t raper i toneal rou te o f  

adm i n i s t rat ion was sugges ted a s  a way o f  avo iding the v i s ible  ex ternal 

les i ons produced by the subcu taneous rou te  of  vaccina t i on ,  and many 

rams have subsequen t ly been vacc inated in t h i s  manner 
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( Quinlivan and Wal lace , 1975 , 197 9 ) . I n  1975  Quinlivan and Wallace 

repor ted the res u l t s  of  a p ilo t  t r ial conducted on 40 rams , half of 

whi ch were g i ven a s i ngle dose of vaccine by the intraper i toneal rou te 

and half of  wh i ch received a second vacc ina t i on by the same rou te 

e igh t weeks a f t e r  the f i rs t . Only a small number of these rams were 

found to have local i sed les ions in the muscula ture of the r igh t flank 

when a propo r t ion  of them were necrops i ed . I t  was not clear from t he 

repor t how many necrops ies had been performed , or how long a f t e r  

vacc ina t i on they had been carried ou t .  

Follow i ng the i n t roduc t i on o f  t he i n traperi toneal me thod o f  

vacc ina t i on , i t  was repor ted that "absces s " - like les ions and 

granulomas in the f lank region had been seen at pos t mor tem ins pec t i on 

a t  the free z i ng works in  groups o f  culled rams vacc ina t ed by this  

techn ique ( Survei llance , 1978 , 1 980 ) . At  leas t one o f  these groups 

cons is ted of surplus two-year-old rams . These were presumably a group 

of an imals f rom a ram-breed ing f lock wh i ch had remained uns old a f t e r  

the ram sales . I t  was sugges t ed that an incorrec t t echnique might 

have caused some o f  these les ions ( Qu i nlivan and Wallace , 1 9 7 9 ) ,  bu t 

i t  was d i f f i cu l t  to  assess how common i t  was for i n t raper i t oneal 

vaccina t i on to resul t in  les ions of t h i s  type , mainly because so few 

adul t breed i ng rams are ac tually sent for s laugh ter . In  New Zealand , 

mos t rams e i ther  d i e  o f  natural causes or are killed on the farm , so 

the carcass is rarely subj ected t o  pos t -mor tem examina t ion . 

I t  was deci ded , therefore , t o  vaccina t e  a small number o f  sheep 

wi th the B rucella ovis vaccine , both  by the i n t raperi t oneal t echni que 

descri bed by Quin l i van and Wallace ( 1979 ) and by the s t andard 

subcutaneous me thod . Such an arrangement would enable a chronologi cal 

s tudy to be made of the local reac t i on to the vaccine at the two 

s i tes , by means of serial necrops i es carried out on pai rs  of animals . 
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MATERIALS AND METHODS 

Four teen adul t  ewes of  var ious ages from farms accred i t ed as 

being free from Brucella ov is  infec t i on were used in  this experimen t .  

These an imals were c l i n i cally normal and had no de tec table an t i body 

agains t Brucella ovis  when tes ted prior to the experimen t by the 

complement fixa t i on test  ( CFT ) , gel d i f fus ion tes t (GO )  and enzyme 

l i nked immunosorben t assay ( ELISA) . 

Managemen t 

The sheep were kep t  outs ide in  a small paddock of mixed pas ture 

for the dura t i on o f  the experiment and no supplemen tary feed i ng was 

undertaken . 

Vaccina t i on 

The vaccine  used was from a single ba t ch ( series 2935 ) o f  the 

commercially produced Brucella ovis saline- in-oi l  adj uvan t vaccine1 • 

I t  was adminis t e red to  each animal by bo th t he i n t raper i toneal and the 

subcutaneous rou tes . The dose was 2ml in  each s i t e ,  and the two doses 

were given one i mme d i a te ly a f ter the o ther . 

The s i t e o f  the subcu taneous i nj ec t i o n  was i n  the anterior  hal f 

o f  the neck on  the r ight s i de ( Plate  4 . 1 ) .  The vaccine was 

admin i s t ered through an 18 gauge , 9mm needle a t tached to a s t e r i l e  

d i s posable syringe . The s i t e  was marked using animal marking s p ray .  

The i n t raperi toneal inj ec t i on was adm i n i s tered according t o  the 

me thod descri bed by Thomson e t . al .  ( 1 969 ) and later used by Quinlivan 

and Wallace ( 19 79 ) . A 17 gauge , 19mm needle a t t ached to a s t erile  

d i s posable syri nge was int roduced at  a poi n t  hal fway be tween the 

s t i f le j o int  and the vertebral ar t i cula t i on o f  the las t r i b  on the 
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r igh t s ide ( Plate 4 . 1 ) .  This i s  usually the mos t hollow par t of  the 

flank , and on a shorn animal is  eas i ly iden t i f i ed .  The s i t e was aga in  

marked wi th animal marking s pray . 

Nec ropsy 

Randomly selected pai rs of an imals were sac r i ficed for necropsy 

at 24 hours , three days , one , two , four , s i x ,  and ten weeks a f t e r  

vaccina t i on .  ( See Table 4 . 1 ) .  

inj ect ion of  pen tobarbi t one 

They were k i lled by 

sod ium solu t i on 2 • 

int ravenous 

Pos t-mo r t em 

examinat ions were carr i ed out  and gross pathologi cal changes noted ; 

par t i cular at ten t i on being pai d  to the two vaccina t ion s i tes , the 

local lymph nodes in the region o f  these two s i tes , the peri t oneum and 

the abdominal vi scera . 

H i s tology 

Ti ssue from each vaccinat ion s i t e  was co llec ted and f i xed in  10% 

fo rmol sali ne ( see Append i x  2 ) . For the subcu t aneous s i te in  the neck 
region , ski n , muscle and connec t ive t i ssue t o  the dep th  o f  the 
brachi ocepha l i cus muscle was removed over an area o f  d i mens i ons 

approxima t e ly 5cm x 5 cm ,  w i th the point  of  needle en t ry a t  the cen t re . 
For the i n t raperi toneal s i te ,  a 5cm x 5cm area o f  t issue was agai n  

removed around the i nj e c t ion poin t , and t h i s  i ncluded a l l  layers o f  
the abdomi nal wall .  

Lymph nodes i n  the area of  each i nj e c t ion s i te were also 

collec ted and placed in f i xa t ive for subsequen t h i s tologi cal  

examina t i on .  For  the subcutaneous s i te ,  the r igh t p rescapular , righ t  

paro t i d  and r igh t submand i bular lymph nodes were examined . For t he 

peri toneal s i te ,  the r i ght  p re femo ral , lumbar aor t i c  and r igh t 

i ngui nal nodes were col lec ted . In add i t i on to  the rou t ine collec t i on 

o f  these t i ssues , any o t her t i ssues showi ng abnormal i ty on gross 

examina t ion were also collec ted and fixed for subsequen t h i s tolog i cal 

examinat i o n .  
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Selec ted t r i mmed sect ions o f  the t i s sues were embedded in  

para f f in wax , then cu t and proces sed by rou t i ne his tologi cal me thods . 

All the t i ssue samp les were s ta ined wi th Haema toxy l i n  and Eos in 

( H  & E ) . Selec ted sect ions we re also s t ai ned by the Van Gi eson and 

Sudan Black me thods . ( See Append ix  2 for h i s t ologi cal me thods ) .  

Serology 

To detec t the serological response to vaccinat ion , b lood samples 

were collec ted from the ewes j us t  before they were killed , as shown in 

Table 4 . 1 .  Three serolog i cal tes ts were used , the complemen t f ixa t i on 

tes t (CFT ) , gel d i ffusion tes t ( GD )  and enzyme l i nked immunosorben t 

assay ( ELISA ) . These tes ts were carried out by the Cent ral 

Brucel los is Laboratory of  Wallacevi lle Animal Research Cen t re , Upper 

Hut t ,  New Zealand . The compl emen t fixa t i on t i t res were alloca ted 
s cores as des cri bed in  Chapter 3 .  

Pres capular lymph nodes 

During the ini t ial necrops ies , i t  was no t i ced that there was 

some t i mes a d i s crepancy in the s i ze of the lef t and r igh t prescapular 

lymph nodes . In an at temp t to q uan t i fy this d i f ference , the lymph 

nodes were t r i mmed of the maj o r i ty of the i r  surround i ng fat  and the i r  

we igh t s  recorded af ter  they had been fixed i n  formali n  f o r  a t  leas t 

one week . S i nce this  d i f ference was only no ted and i nves t iga t ed a f ter  

s everal necrop s i es had already been completed , only seven ou t o f  the 

f ou r teen animals had bo th  the l e f t  and the r igh t prescapular lymph 
nodes weighed . 
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Chronic Reac t i on 

In add i t i on to  the 14 ewes used in this  experimen t , pos t -mo r t em 

examina t i ons were also carried out  on 30 rams wh i ch had been 

vaccina t ed by the i n t raperi toneal t echn ique for o ther experimen t s  

( Chap ter 6 ,  Chap ter 7 ) . This was done i n  order to  prov ide fur ther 

i nforma t ion abou t the local reac t i on at the abdominal s i t e .  Thes e  

la t ter necrops i es we re carr ied o u t  s i x  mon ths a f t er vaccina t i on .  

NOTES 

1 )  Ramovexin - i nac t iva ted Brucella ovis sal ine-in-o i l  vacc i ne . 

Coopers Ani mal Health  N . Z .  Ltd . 

2 )  Pen tobarb 300 - pen tobarbi tone sodi um solu t i on .  Sou t h  Is land 

Chemi cals L t d ,  Chr is t church , New Zealand . 
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Plate  4 . 1  

The s i tes  used for t he subcu taneous ( neck) and 

i n t rape r i t oneal ( flank ) adm i n i s t rat ion of the Brucella avis  

vaccine are  shown on this  sheep by the purple dye  marks . 
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RESULT S  

No o bv i ou s  s i gns o f  di s t ress  were observed in any o f  the ewes 

f o l lowing vac c i na t i on . 

Serology 

The f i rs t pos i t i ve reac t i on t o  bo th the complemen t f ix a t i on t es t  

and t o  the ELI SA was recorded two weeks a f t e r  vaccina t i on . A l l  t h e  

an i mals t es t e d  a f t e r  t h i s  ( four , s i x  and t en weeks a f t e r  vac c i na t i on ) 

had pos i t ive r e ac t i on s  t o  these two t e s t s  (Table 4 . 1 ) . Only f i v e  o f  

the  animals had pos i t i ve react ions t o  t he gel d i f fu s i o n  t e s t  a t  any 

t i me .  
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T i me A f t er 

TABLE 4 . 1 

Serological Response o f  Sheep t o  S i mul t aneous 

Subcu t aneous and I n t raperi t oneal Vacc i na t i on U s i ng 

A Brucella ovi s  Vac c i ne 

2 4  h r s  3 days 7 days 2 wks 4 wks 6 wks 

Vaccina t i on 

10 wks 

Anirr;als  

Necro ps i ed 

1 & 2 3 & 4 5 & 6 7 & 8 9 & 1 0  1 1  & 1 2  1 3  & 1 4  

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

CFT T i t re 

( s co r e ) 

F i r s t  ani mal 0 ( - ) 0 ( - ) 0 ( - ) 1 2  ( + )  2 4  ( + )  2 4  ( + )  2 4  ( + )  

Second an i mal 0 ( - ) 0 ( - ) 4 ( - ) 1 2  ( + )  2 0  ( + )  2 4  ( + )  2 4  ( + )  

Mean 0 0 2 1 2  2 2  2 4  2 4  

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

ELI SA T i t re 

F i rs t animal 13 ( - ) 1 6  ( - ) 4 2  ( - ) 108 ( + )  

Second an i ma l  2 4  ( - ) 1 5  ( - ) 39  ( - ) 8 8 ( sus ) 

Mean 1 8 . 5  1 5 . 5  40 . 5  9 8  

GD Resul t  

F i r s t  animal 

Second a n i mal 

KEY : + 

+ 

+ 

pos i t ive reac t i on 

= nega t i ve rea c t i on 

s us susp i c ious reac t i on 

4 8 2  ( + )  1452 ( + )  598  ( + )  

2 25 ( + )  4 9 2  ( + )  1 8 9  ( + )  

3 5 5  9 7 2  393 . 5  

+ + 

+ 
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G r o s s  Pa t ho logy 

1 )  Subcu taneous S i te  

Twen ty-four hours  a f t e r  vac c inat ion there was no palpable 

reac t i on a t  the inj ec t i on s i t e in ei ther o f  the two s heep necrops i ed , 

and no v i s i b le abno rmal i t y was n o ted . One o f  the sheep necrops i ed 

t h ree days a f t e r  vacc i na t i on , howeve r ,  d i d  have a palpable reac t i on a t  

the  i nj e c t i on s i t e .  Th i s  was a d i s c re te , round , f i rm swe lling i n  the 

s ub c u t aneous t i s sue approxima t e ly 2cm in d i ame t e r , wh i ch c on t a i ned a 

t h i n  wh i t e l i q u i d  ma t e r i a l  s i mi la r  to the Brucella o v i s  vac c ine . 

Seven days a f t e r  vacc i na t i on one o f  the an imals exami ned had no  

palpable reac t i on a t  the  i nj e c t i on s i t e ,  bu t when the a rea was 

i nc i sed , wh i t e l i quid  s i mi lar t o  the B rucella ov i s  vacc ine oozed f ro m  

the t i ssues . The o t her  s h e e p  had a palpable hard swe l l i ng 

3cm ( do rso-ven t rally ) x l cm ( cr ano- caudally)  whi ch was f i rm and 

f i b rous in tex t u re . 

From two weeks onwar d  eve ry s heep had a palpable reac t i on a t  the  

i nj e c t i on s i t e ( Pla t e  4 . 2 )  apa r t f rom one o f  the  las t p ai r  examined a t  

ten  weeks . These les ions w e r e  var i able i n  s i ze and shape ( Table 4 . 2 ) , 

vary i ng f rom a sphe r i cal  nodule 2cm i n  d i ame t e r  t o  a f la t t i s h ,  

r e c tangular swell i ng lOcm x 4 c m . The rec t angular les i ons a lways had a 

ver t i ca l  ( do r s o-ven t ra l ) d i mens i on grea t er t han t h e  hor i zo n t al 

( c r ano- caudal ) .  None o f  the  l e s i ons were s een t o  d i s charge mat e r i al 

t o  t he ex t e r i o r . 

On i n c i s i o n ,  the cen t re o f  these l es i ons cons i s t ed o f  necro t i c ,  

semi s o li d ,  dark y e l low case o us ma t e r i al wh i ch was encapsulated by 

f i brous granula t i on t i s su e . The les i ons were s omet i mes s i ngle 

d i s c r e t e  nodules , and some t i mes mul t i locular in  s t ru c tu re .  They were 

usually f i rm o r  qui t e  hard when palpa t ed , but  were o ccas i onally s o f t  

and e as i ly compressed . 
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Table 4 . 2  

Gross Find ings At  The Subcutaneous Inj ect ion S i t e  

In 1 4  Sheep Vaccina t ed Us ing A Brucella ovis  Vac c i ne 

T i me Af t er Les ion Shape S i ze Cons i s t ency 

Vaccinat ion 

And Sheep 

Number 

24 hours 

1 no 

2 no 

3 days 

3 no 

4 yes round 2 cm d i ame t er hard 

7 days 

5 no 

6 yes rec t angular 3 cm x 1 cm hard 

2 weeks 

7 yes oval 6 cm x 3 cm hard 

8 yes round 2 cm d i ame t er  hard 

4 weeks 

9 yes rec t angular 10 cm x 4 cm hard 

10 yes round 3 cm d i ame ter  s o f t  

6 weeks 

1 1  yes oval 5 cm x 2 cm s o f t  

1 2  yes round 2 cm d i ame t er hard 

1 0  weeks 

1 3  yes oval 5 cm x 3 cm hard 

14 no 
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P l a t e  4 . 2  

Typ i cal reac t i on in  t he neck o f  an animal fol lowing the 

admi n i s t ra t i on o f  Brucella o v i s  vac c i ne by the s ubcu taneous 

r ou t e . 
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2 )  I n t rape r i t oneal s i te 

Du r i ng the f i r s t  week , t h e  

i n t raper i t oneal i nj ec t i on cons i s t ed 

f i b r i n  on  serosal surfaces and the 

reac t i on a t  the s i t e o f  the 

of the appearance of t ags o f  

f o rma t i on o f  aggrega t i ons o f  

f i b r i no-purulent ma t e r i al , bo th 

cav i ty and a t tached to serosal 

floa t i ng 

s ur face s . 

f reely 

( See 

i n  the p er i t oneal 

Table 4 . 3 ) . B o th 

an i ma l s  necrops i ed a t  24 hours wer e found t o  have a mod e r a t e  excess  o f  

s erous f l u i d  i n  t he peri t oneal cav i ty .  B o t h  had c lo t s  o f  creamy whi t e  

ma t e r i al f loat i ng freely i n  t h i s  f lu i d . S i m i la r  s mal l , wh i t e , s o f t  

clo t s  w e r e  found adheren t t o  t h e  l arge i n t es t ine i n  one an i mal ( Pl a t e  

4 . 3 )  a n d  the o t h e r  had tags o f  f i b r i n - l i ke ma t e r i a l  adher e n t  t o  the  

grea t e r  omen tum on the r igh t s i d e  of  the  rume n . ( P l a t e  4 . 4 ) . A smear 

was made f rom one of the f l oa t i ng clo t s  and i t  was found t o  con t a i n  a 

large number o f  leucocytes , many o f  them degene ra t e .  

Three  days a f t e r  vacc inat i o n  a s o f t ,  absces s - l i ke s t ru c t ure was 

seen on a s e r o sa l  surface adj acent  to the r igh t ovary in one animal 

( Pl a t e  4 . 5 ) .  Some f i b r ino-purul e n t  ma t e r i al was found adheren t t o  the  

par i e t a l  pe r i t oneum and mesen t e ry , and the  per i t oneal fluid  agai n  

con t a i ne d  c l o t s  o f  creamy f i b r i no-purulen t exud a t e  ( Pl a t e  4 . 6 ) . The 

omen t um was i n f l amed over mos t  o f  i t s  s u r f ace and had a roughened 

t e x t u r e . ( Pl a t e  4 . 7 ) .  I n  t h e  o ther  shee p , however ,  t h e  vacc i ne had 

no t r e a c hed i t s i n t ended s i t e o f  depos i t ion i n  the abdominal cav i ty ,  

bu t had been t rapped j us t  b enea t h  t h e  pari e t al p er i t oneum . ( Pl a t e  

4 . 8 ) . The i n f l amma t ory reac t i on was con f i ne d  t o  t h e  area  i mmedi a t e ly 

adj acen t t o  t h i s  depos i t ,  and n o  o ther  abnormal i t i e s  were  f ound . 

One  week a f t e r  vac c i na t i o n ,  one o f  the s h e e p  examined had 

f i b r i no u s  t ags adheren t to t h e  gall bladder ( Pl a t e  4 . 9 ) and omen tum . 

An a ccumul a t i on o f  f i b r ino-purulent  ma t e r i al was s een on t h e  

p e r i t on e um n e a r  the  r e c t um , a n d  t here  w a s  s l i gh t  conge s t i o n  o f  the  

lumbar a o r t i c  lymph nodes . The o th e r  an i ma l  had  a l o cal i se d  area of  

pe r i t on i t i s  on  the  p ar i e tal  p er i t oneum a t  t h e  s i t e o f  i nj ec t i on ( Pl a t e  

4 . 10 )  and m i l d  f i br i nous i n f l amma t i on o f  par t s  o f  t h e  mesen t e ry and 

g r ea t e r  omen tum . 
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From two t o  four weeks a f t er vaccina t i on ,  the  i n f lamma t o ry 

reac t i on became more ex tens ive , and adh e s i ons be tween the v i s c e r a  and 

the par i e tal per i t oneum cove r i ng the abdominal wall were s een . A 

second case o f  vacc ine no t hav i ng been depos i t ed i n  the p er i t oneal 

cavi ty was s een in one of the ani mals necrop s i ed at  two weeks . In 

this  animal a hard nodule could be palpa t ed in the abdomi nal wal l 

wh i ch was more d i s c r e t e  and f i rm t han t h a t  seen in  the previous case . 

The re was only s l ight  inf lamma t i on o f  the sur face o f  the  omen tum i n  

t h i s  animal , bu t in  t h e  o t her , i n  wh i ch t h e  vaccine h a d  been depos i t ed 

in  t he pe r i t oneal cavi ty ,  the omen t um was severely a f f e c t ed , 

espe c i ally on i t s ven t ral aspe c t  beneath  the rumen ( Pl a t e  4 . 1 1 ) . I n  

t h i s  an i mal , t h e  f i r s t  ins t ance o f  f i brous adhe s i o n  f o rma t i on was 

obs erved . The adhes ions we re found a t tach ing the large i n t es t ine t o  

the dorsocran i al abdominal wal l . More adhesi ons were s een a t  four 

weeks , when b o t h  the animals nec rops i e d  had adhes ions p resen t be t ween 

the caudo-ven t ral par t  of the omen tum and the par i e t al p e r i t oneum 

( Pl a t e  4 . 1 2 ) . I n  add i t i on , t he ome n t um c over i ng the rumen in  bo th  

ani mals had a r o ughened , i rregular s u r f ace , and the a f f e c t ed t i s sue 

appeared s l i gh t ly gela t i nous . One animal had d i f fuse  whi t e ,  r a i sed 

s t r eaks and nodules on the  caudal ( abdominal ) as pec t of  the  d i aphragm 

( Pl a t e  4 . 1 3 ) , whi le the o ther had a local i sed reac t i on on t h e  par i e t a l  

peri t oneum a t  the  s i te o f  vacc i na t i on . 

A t  s ix weeks a f t er vacc i na t i on ,  one animal had only a s l i gh t  

i n flamma t o ry reac t i on o n  the omen tum , and the vaccine  had a ccumula t ed 

beneat h  t h e  p a r i e t a l  p er i t oneum . I n  the  o ther ani mal the v ac c ine 

s eemed to  have been depos i te d  par t i ally beneath t h e  peri t oneum . A 

f la t ,  r ec t angu lar , f i b rous plaque S cm x 3cm x 0 . 3cm was p r es e n t on  the  

abdominal wall a t  the  p o i n t  of  i nj e c t i on . The mos t  s p e c t acular 

f i nd i ng in this animal , however was an ex tens ive and severe 

i n f l amma t i on o f  the  omentum cover ing t he vent ral sur face of t he rumen . 

Th i s  area was f i rm and rough i n  t ex t u r e . ( Pl a t e  4 . 1 4 ) . A s im i l a r  bu t 

less  ex t en s i v e  reac t i on was seen near the j ej unum . Exam i na t i on o f  one 

o f  the ani ma l s  ki lled at t en weeks revealed no g r o s s  abnormal i t i e s , 

bu t in  the  o ther  an i mal there was a plaque-l i ke area o f  f i b ro s i s  on 

the pe r i t oneal surface of the abdominal wall at the s i t e o f  i nj ec t i on 

( Pl a t e  4 . 15 )  and a mode r a t e  r oughen i ng o f  the sur f ac e  o f  t h e  vent ral 

omen tu m . 

9 7 .  



Table 4 . 3  

Necropsy F i nd ings At  The Abdominal Inj e c t ion S i t e  

In  14  Sheep Vac c i na t ed B y  The I n t rape r i t oneal Techn ique 

Us ing Brucella ovi s  Vaccine  

Time Vac c i ne P a r i e tal V i s ceral Puru len t Serosal 

O f  Depos i ted  Per i t on i t i s  Pe r i t on i t i s  Ma t e r i al Adhes i on s  

Necropsy Ou t s i de A t  Vac c i na t i on 

And Abdominal S i t e 

Ani mal Cavi ty 

Numb e r  

24 h r s  

1 floa t i ng 

i n  cavi t y  

2 m i ld float ing 

( f i b r in t ags ) in  cav i t y  

3 days 

3 m i l d  float i ng 

( f i b r i n  t ags ) i n  cavi ty/  

par i e tal  

peri t oneum 

4 yes yes 

7 days 

5 yes  m i ld 

6 m i l d  adhe ren t 

( f i br i n  t ag s )  t o  rec t um 

2 weeks 

7 severe yes  

8 yes y e s  m i l d  

4 weeks 

9 moderate  yes  

10 yes moderate  yes  

6 weeks 

1 1  par t i ally  yes  severe 

12  yes yes  mild  

1 0  weeks 

1 3  yes mode r a t e  

1 4  
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Pla t e  4 . 3  

F i b r i no-pu rulen t cl o t s  ( ar rowed ) on se rosal sur faces seen 24 

hours a f t e r  t he admi n i s t ra t i o n  o f  B rucella ov i s  vacc i ne by 

t he i n t rape r i t oneal r ou t e . 

Pla t e  4 . 4  

F i b r i nous i n f lamma t i on o f  the omen t um over t he rumen , seen 24 

hours  a f t e r  the admi n i s t ra t i on of B rucella ov i s  vacc ine by 

t he i n t rape r i t oneal rou t e .  

. I 
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Plate  4 . 5  

An absces s-l ike s t ruc tu re 

B rucella ov i s  vaccine had 

near 

been 

the r igh t 

adminis tered 

i n t raper i t oneal rou t e  three days earlier . 

Pla t e  4 . 6  

ovary . 

by the 

F i br i no-purulen t exudate  ( arrowed ) float ing in the peri t oneal 

f luid . B rucella ovis  vaccine had been adminis tered by the 

i n t rape r i t oneal rou t e  t hree days earlier . 
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Pla t e  4 . 7 

I n f lamma t i on o f  the  

admi n i s t ra t i on o f  

i n t ra pe r i t oneal rou t e .  

omen tum seen 

Brucella ov i s  

three days 

vaccine 

a f t e r  

by 

t he 

the 

Pla t e  4 . 8  

B rucella o v i s  vacci ne , adm i n i s tered  by 

method  t h re e  days p revi ously , t rapped 

p er i t oneum in the f lank regi on . 

the i n t ra p e r i t oneal 

behind the par i e t al 
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Pla te  4 . 9  

F i brinous tags ( a rrowed ) adhe ren t t o  the gall 

Brucella ovis vacc ine had been adm ini s te red 

i n t raperi toneal rou te  seven days previ ously . 

Pla t e  4 . 10 

bladder . 

by the 

M i ld inflamma t ion o f  the par i e t al per i t oneum observed seven 

days af ter  the admi n i s t ra t ion of Brucella ovi s  vac cine by the 

i n t raper i t oneal rou t e . 
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Pla t e  4 . 1 1  

Severe i n f lamma t i on o f  the  omen tum . Brucella av i s  vac c i ne 

had been adm i n i s t e red by the i n t rape r i toneal r o u t e  two weeks 

p revious ly . 

P la t e  4 . 1 2 

F i brous adhes i on s  be tween t h e  omen t um and the  abdomi nal wall 

seen four  weeks af t e r  t he adm i n i s t ra t ion of B rucella av i s  

vac c i ne by t he i n t rape r i t oneal rou t e .  
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P l a t e  4 . 1 3 

Nodular reac t i on ( ar rowed ) on t he s u r face o f  the  d i a ph ragm 

seen four weeks a f t e r the admin i s t ra t i on o f  Brucella ov i s  

vac c i ne b y  t h e  i n t rape r i t oneal rou t e .  

P l a t e  4 . 14 

Severe and w i d e s pread i n f l amma t i on o f  t he omentum seen s ix 

weeks a f t e r  t he adm i n i s t ra t i o n  o f  B rucella ov i s  vac c i n e  by 

t he i n t raper i t oneal rou t e . 
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P l a t e  4 . 15 

F i b ro s i s  i n  the abdominal wal l  s een on the c u t  s u r face 

( ar rowed ) of t he per i t oneum at t he s i t e o f  i nj e c t i on . 

Brucella av i s  vac c i ne had been adm i n i s t ered by t he 

i n t raperi t oneal me t ho d  t en weeks previ ous ly . 
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M i c ro s cop i c  Pathology 

A )  Subcu taneous Vaccina t i on 

a )  I nj e c t ion  S i t e 

Twen ty- four hours  a f t e r  vac c i na t i on ,  the reac t i on a t  the 

subcu t aneous s i t e vas charac t e r i s ed by marked oed ema of  mus c l e  and 

connec t i ve t i s sue , and apparen t d i la t ion o f  the lympha t i c  vessel s . 

Round s paces , presumab ly occupied  p r evi ously by vac c ine o i l  whi ch had 

been r emoved by the solven t s  u s ed in  proces s i ng , were p resent  in  the  

s ubcu t aneous and intermus cular conne c t ive t i s sue ( Pl a t e  4 . 1 6 ) . The r e  

vas s ome acu t e  myonec ros i s . Neu t roph i ls were t h e  p r edomi nan t c e l l  

t y p e  i n  the mi ld cellular r eac t i on around the o i l  s paces , and there 

were also a f ev mac rophages p resen t . 

Three d ays a f t e r  vac c i na t i on , the vac c i ne l e s i on cons i s t ed 

mainly o f  f i b r i n  i n f i l t ra t ed by l eucocy tes , and early p r o l i f e ra t i on o f  

cap i l la r i e s  and f i broblas t s  vas obs e rved . The ce l l ular  reac t i on vas 

nov more ext ens ive , w i t h  some of the o i l  spaces del i nea t ed by a dense 

i nner marg i n  o f  neu t r o ph i l s  ( Pl a t e  4 . 17 ) , whi ch wer e  s t i l l  t he 

p redominan t c e l l  type . Macro phages were mor e  commonly seen t han a t  2 4  

hours , and lymphocytes and p lasma cel l s  were now i n  evi denc e . 

F ib r o b l as t s  were the p r edominan t  cell type seen i n  t h e  

vacc i na t i on s i t e seven days a f t e r  the i nj ec t i on ( Pl a t e  4 . 1 8 ) . Ther e  

w a s  also  marke d  cap i llary p r o l i f e r a t i on . Sma l l e r  numbers  o f  

neu t ro ph i l s  were seen , and lymphocytes  and p lasma c e l l s  were more  

common . Nec r o t i c  foci were p resen t  o n  the edges o f  s ome o f  the o i l  

s paces , and mul t i nuclea t e  g i a n t  c e l l s  were s een for  the f i r s t  t ime . 

By tvo weeks a f t e r  vacc i na t i on , col lagen forma t i on had begun and 

numerous c ap i llar i es were p ro l i fera t i ng . Macrophages were t h e  

p r edominan t t y p e  o f  inflamma t o ry cell  presen t , and mu l t inucleate  g i an t  

cells  were c ommon ( Plate  4 . 1 9 ) . Foci  o f  caseous necro s i s  were seen , 

and s ome o f  t hese were und e rg o ing dys t rophic calci f i ca t i o n . 
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A g ranuloma t ou s  s t ructure , s i m i lar t o  tha t wh i ch develops i n  

tuberculos i s ,  had begun t o  develop  b y  f o u r  weeks . T h e  necro t i c  

cen t ral a reas were becoming l i ned by macrophages wh i ch were i n  turn 

enc i rcled  by lymphocy tes  ( Plate  4 . 20 ) . Dense bands o f  f i b r ous 

conne c t ive  t i ssue f o rmed capsules a r ound these inf lamma t o ry z ones . 

Plasma cells  were p resent i n  large numbe rs , and some g i an t  cells  were 

obse rved i n  the mac r ophage z ones . Neut r o ph i l s  were p resen t only in 

small numbe r s . Examina t i on o f  the  s ubcu taneous s i t e at s i x  weeks 

revealed the granuloma s t ruc ture t o  have developed f u r t he r , becom i ng 

more d i s c r e t e  and havi ng a mi nimal d i f fuse react ion . A t  the  end o f  

t he exp e r i men t a t  t e n  weeks , t h e  les i ons d i s p layed a well o rgan i s ed , 

chroni c  granuloma t ou s  s t ru c t u re and the reac t i on was largely i s o l a ted 

f rom s u r roun d i ng t i s sue by a t h i ck capsule of f i brous t i s sue . ( See 

Table 4 . 4 ) . 

b )  Local Lymph Nodes 

1)  P re s c a pular 

Twen ty-fou r  hours 

lymph nodes exam i ned 

focal accumu l a t i ons 

a f t e r  vac c i na t i on , bo t h  r igh t p r e s capular 

con tai ned many o i l  s paces ( Pl a t e  4 . 2 1 ) , w i th  

o f  p olymor phonuclear cells ( es p e c i al ly 

neu t ro ph i ls ) a round t hem . Ther e  were also f o cal aggrega t i on s  o f  large 

foamy macrophages , mainly at the p a racor t i cal marg i n . Mul t inuclea t e  

g i a n t  c e l l s  i n  s ma l l  numbers w e r e  a l s o  s een . S i m i la r  

s een t hree d ay s  a f t er vac c i na t i o n , t oge ther w i t h  

hype r plas i a  s ugges t i ng T-cell p r o li fe ra t i on .  Only one 

features  were 

paraco r t i cal 

o f  the  t wo 

r i gh t  p r e s capular l ymph nodes exami ned a t  s even days con t a i ned o i l  

s paces , bu t b o th  nodes con tained large accumula t i ons o f  macrophages 

and mul t i nucleate  g i an t  cell s .  Two weeks a f t e r  vacc i na t i on , b o t h  

nodes exami ned con t a i ned o i l  s paces ( Pla t e  4 . 22 ) , and i n  one t hey were 

mainly in the subcapsular reg i on wi t h  l i t t le t i ssue reac t i o n  around 

them , s ugges t i ng t h a t vacci ne might  b e  con t inu i ng to d r a i n  i n t o  the  

node . One node had greater  than normal numbers  o f  plasma cells  and 

lymphocy t e s  in the medulla . 
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Both  r i gh t  p res capular lymph nodes examined a t  four weeks 

contained o i l  s paces , aggrega t i ons of  mul t inuc lea t e  giant  cel l s  and 

large macrophages wi th abundan t cy toplasm , and a hypercellular medulla 

p acked wi th  macrophages . In add i t i on ,  one of  the nodes con t a i ned two 

calci fyi ng , necro t i c  f o c i  in the subcapsular reg i on , surrounded by 

g i an t  cells  and e ncapsula ted by f i brous t i ssue . One f o cus was 2 . 5mm 

l ong x 2mm wid e , and the o t her 1 . 5mm long x 1 . 25mm wide . In one o f  

the r i gh t prescapular lymph nodes examined a t  s i x  weeks , a necro t i c  

f o cus was seen ( Plate  4 . 23 ) , and both nodes con t a i ned o i l  spaces . 

Prol i f i c  numbers o f  o i l  s paces ( Plate  4 . 24 )  were seen i n  the medul lary 

cords in the l e f t  p res capular lymph node o f  the an imal  wh i ch had the 

necro t i c  focus in t he r ight . 

B oth  right  prescapular lymph nodes exam i ned a t  t en weeks had 

reac t ive germi nal cen t res and numerous f o l l i cles , i nd i c a t i ng ac t ive 

t rans format io n  o f  s t imulated B- lymphocy tes . B o t h  had haemo rrhages i n  

areas o f  the  co rt ex ,  and aggrega t i ons o f  mul t inuclea te  g i an t  cells . 

O i l  s paces were also  seen i n  both  nodes , and 

prominent i n  the  subcapsular area , the lack 

around them sugges t i ng con t i nuing d rainage 

Aggregat ions o f  g i an t  cells  were s een in b o t h  o f  

lymph nodes o f  t h e s e  animals ( P la t e  4 . 25 ) . 

2 )  Submand i bular  

Although the  submandi bular lymph nodes 

experi mental sheep 

h i s t ol og i cal ly , mos t  

appeared 

of the 

normal grossly , 

nodes con t ai ned 

i n  one t hey were 

of  c e llular reac t i on 

i n t o  t he node . 

the l e f t prescapular 

o f  the four t een 

exam ined when 

large numbers o f  

macrophages , s ome havi ng a f oamy cy t o p l asm . Some o f  the  nodes 

con t ai ned sma l l  aggrega t i ons of gian t cells . O i l  spaces were seen i n  

the f i r s t  two samples , t aken a t  24  hours and three days , and t hey 

o c cured mainly i n  the medullary cords . The cor t i ces o f  the nodes 

appeared s omewha t hyperplas t i c  for  the f i r s t  two weeks a f t e r  

vacc i na t i on ,  a n d  haemorrhages were s een in  nodes collec t ed a t  two , s i x  

and t e n  weeks . 
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3 )  Paro t i d 

The changes i n  t he paro t i d lymph nodes were minor . Mos t had 

d i f fuse in f i l t ra t i ons o f  numerous macrophages , t oge ther w i t h  

o c casi onal aggrega t i ons  o f  ac t i ve cells o f  t h i s  type wh i ch had a foamy 

cy toplasm . Some nodes had numerous very a c t ive  ge rmi nal cen t re s , 

wh i le o t hers had var i able degrees o f  paracor t i cal hype rplas i a .  O i l  

s paces were seen i n  t he nodes o f  two an imal s ; one a t  t wo weeks and 

one at s i x  weeks . 
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Table 4 . 4  

H i s t o logical Findings at the Subcu t aneous S i t e  of Adm i n i s t ra t i on 

o f  an Inac t i va t ed B rucella ovi s  Sal i ne- i n-O i l  Vac c ine 

T i me S i nce Vaccina t i on 

24 hours 3 days 7 days 2 weeks 

An i mal Number 

1 2 3 4 5 6 7 

D i ame t er o f  

o i l  s paces ( mm )  1 0 . 7 5 1 . 2 5 1 2 0 . 7 5 2 . 9  

Oedema +++ ++ + + + + + 
Myodegenera t i on ++ + + + + 
Necros i s  + + + + +  
Cal c i f i ca t i on + 
Neu t ro p h i l s  ++ ++ +++ ++ + + + 

Macro  phages + + ++ ++ + + +  + + +  

Lymphocy tes  + +  + +  + + + + +  
P lasma cells  + + + + ++ 
G i an t cells  + 
F i brobla s t s  + + + ++ +++ +++ ++ 
Collagen 

f o rma t i o n  + 
Cap i l lary 

p r o l i f e ra t i on + + ++ + +++ 
Type o f  a a a b b b c 

Rea c t i on 

a - a J.. L J..u::;e 
KEY : absen t 

b loose c i rcular p a t t e rn 
+ pres ent  

c granu la t i on t i s s ue 
++ common 

d early granuloma f o rma t i on 
+ + +  abundan t 

8 

1 

+ 
+ 

+ 

+ 
+ + +  

+ +  

+ +  
+ +  
+ +  

+ 

+ + +  

c 

e class i c  granulomat ous reac t i o n  
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Table 4 . 4  ( con t i nued ) 

Hi s t o logi cal F i ndings at  the Subcutaneous S i te o f  Adm i n i s t rat ion 

o f  an Inact ivated Brucella ovis  Sal ine-in-O i l  Vac c i ne 

Time S i nce Vacc ina t i on 

4 weeks 6 weeks 10  weeks 

An i ma l  Number 

9 10 1 1  1 2  1 3  1 4  

D i ameter  o f  

oi l  spaces ( mm )  0 . 6  1 . 5  0 . 7 5 1 . 5  2 . 9  1 . 6 2 5  

Oedema + + + + 

Myodegenera t i o n  + +++ + + +  + 

Necros i s  + +  + + + +  +++ + 

Calc i f i ca t i o n  + + +  + 

Neu t rophi ls  + ++ + + + 

Macrophages + + +  + +  + +  + + +  + + +  + +  

Lymphocy tes + +  + + +  + +  + +  + +  + + +  
Plasma cells +++ + + +  + + +  + +  + +  + +  
Giant cells + + + + + +  + 

Fi broblas t s  ++ +++ ++ + +  + +  + +  

Collagen 

f o rma t i on  + +  +++ + + +  + + +  + + +  + +  

Cap i l lary 

p rol i fera t i on ++ + + + +  + + +  + +  +++ 

Type of d d d e e e 

Reac t ion 

a - U l i. l.USe 
KEY : abs en t 

b loose  c i rcular pat tern 
+ present 

c granula t ion t i ssue 
+ +  common 

d early granuloma forma t ion 
+ + +  abundan t 

e class i c  granulomat ous reac t ion 
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Pla t e  4 . 1 6 

Subcu t aneous inj ec t i on s i t e in the neck , 24 hours a f t e r  the 

adm i n i s t ra t i on of B rucella ov i s  vacc ine . Large 

( 1 )  are presen t ,  and the cellular reac t i on 

main ly o f  neu t roph i ls . 

60 x magn i f i ca t ion .  H & E s tain . 

Plate  4 . 1 7 

o i l  spaces 

( 2 )  cons i s t s  

Subcu t aneous inj ec t i on s i t e three days a f t e r  the 

adminis t ra t ion of B ruce lla ovis  vaccine , showing oil s paces 

( 1 )  l i ned by a dense margin of neu t rophils  ( 2 ) . 

60 x magni f i ca t i on .  H & E s t ain . 
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P l a t e  4 . 1 8 

Subcu t aneous inj ec t i on s i t e seven 

a d m i n i s t r a t i on of Brucella ov i s  vac c i ne . 

d ays a f ter  t he 

The o i l  spa c es ( 1 )  

a r e  sur rounded by a cellular reac t i on ( 2 )  cons is t i ng 

o f  f i brob las t s . 

mainly 

60 x magni f i ca t i on .  H & E s t ain . 

P la t e  4 . 1 9 

M u l t inuc lea t e  g i an t  cells  ( ar rowed ) 

subcu t aneous s i t e two weeks a f t e r  the 

B rucella  ovis  vaccine . 

seen a t  

admi n i s t ra t i on 

2 00 x magni f i c a t i on .  H & E s t a i n .  

the 

of  
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Pla t e  4 . 20 

Subcu t aneous i nj ec t i on s i t e four weeks a f t e r  the 

admin i s t ra t ion of  Brucella ov i s  vaccine . A typ i cal 

granuloma t ous s t ru c t ure is  developing i n  whi ch o i l  s paces ( 1 )  

l i ned by macro phages ( 2 )  are enci rcled by lymphocytes  ( 3 )  and 

s u rrounded by f i brous t i s s ue ( 4 ) . 

60  x magn i f i ca t ion . H & E s t a i n .  

Pla t e  4 . 2 1 

O i l  spaces ( ar rowe d ) i n  t he r i gh t  p rescapular lymph node o f  

a n  an i mal 2 4  hours a f t e r  the admi n i s t ra t i on o f  B rucella o v i s  

vacc i ne b y  b o t h  t h e  subcu t aneous and i n t ra pe r i t oneal r ou t e s . 

SO x magn i f i c a t i o n .  H & E s t a i n .  
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P l a t e  4 . 2 2 

O i l  s paces ( 1 )  s een i n  t he pres capu lar lymph node o f  an 

an i ma l  two weeks a f t e r  rece i v i ng Brucella a v i s  vac c i ne 

adm i n i s t e red by b o t h  the subcu t aneous and the i n t rape r i t oneal 

r ou t e s . 

60 x magn i f i ca t i on . H & E s t a i n .  

Pla t e  4 . 23 

Focal areas  o f  necros i s  ( a r rowed ) i n  a pres capular lymph node 

s i x weeks a f t e r  the  admi n i s t ra t i on o f  Brucella ov i s  vaccine 

by  both  t he s ubcu t aneous and i n t rape r i t oneal rou t e s . 

SO x magn i f i c a t i o n . H & E s ta i n . 
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Pla t e  4 . 24 

O i l  s paces ( 1 )  seen i n  t he medullary cords ( 2 )  o f  a le f t  

prescapu lar  node s i x weeks a f t e r  the adm i n i s t ra t i on o f  

Brucella o v i s  vacc i ne by bo t h  the subcu t aneous and the 

i n t rape r i t oneal rou t e s . 

60 x magn i f i c a t i on .  H & E s t a i n .  

P l a t e  4 . 25 

Mul t i nuclea t e  g i a n t  c e l l s  ( arrowe d )  i n  a pres capular lymph 

node t en weeks a f t e r  the admi n i s t ra t i o n  of Brucella o v i s  

vac c i ne b y  bo t h  t he subcut aneous and i n t raper i t oneal rou t e s . 

150  x magn i f i ca t i on .  H & E s t a i n .  
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B )  Int rape r i t oneal Vaccina t i on 

a)  Inj e c t ion S i te  

Twen ty- f our hours af ter vaccina t i on t here was a m i ld d i f fuse 

mi xed leucocy t i c  i n f i l t rat i on o f  the d eep dermal and underly i ng mus c l e  

t i ssue a t  the i nj e c t i on s i t e  i n  t he f lank o f  bo t h  animals ( Pl a t e  

4 . 26 ) . The v i sceral peri t oneum of one o f  the animals had a m i ld 

d i f fuse i n f i l t ra t i on by neu t rophils , and the omen tum o f  the  o t her was 

s l igh t ly oedema tous and showed an i n f i l t ra t i on of neu t roph i l s  and 

mac rophage s . 

I n  b o t h  o f  the an i mals exam i ned at three days there was 

myodegenera t i on i n  the abdominal mus c les  a t  t h e  i nj ec t i on s i t e .  I n  

one the par i e tal  p e r i t oneum was s l i gh t ly t h i ckened , w i t h  a m i ld 

neu t roph i l  i n f i l t ra t i o n . In  the o t h e r , the per i t oneum con t a i ned 

several o i l  space s , whi ch were l i ned w i th neu t roph i l s  ( Pl a t e  4 . 2 7 ) . 

There were also  moderate  numbers o f  macrophages and s ome i n f l amma t ory 

cell necro s i s  was s een . 

The only abnorma l i t i e s  s een i n  the f lank o f  one o f  t he animals 

examine d  a t  s even d ays cons i s ted  o f  ex tens i ve areas of mus cl e  

degenera t i on and oedema . There was a l s o  a m i l d  i n fl ammat io n  o f  t h e  

v i s ceral per i t oneum . In  the o ther an i mal 

per i t oneum was a f f e c t ed as well as the v i s ceral  

howeve r , the  

peri t oneum . 

par i e t a l  

I n  t h e  

cen t re o f  t h i s  par i e tal per i t oneal rea c t i on were s everal o i l  s paces u p  

t o  1 . 2mm i n  d i ame t e r . Macrophages were t h e  p redominan t c e l l  type , 

whi le neu t ro ph i ls were less common , and g i an t  cells  were seen f o r  t h e  

f i rs t  t i me .  ( Pl a t e  4 . 28 ) . A n  i n flamma t ory reac t i on o f  t h i s  t y p e  was 

also seen be t ween mus c l e  layers . 

A t  t wo weeks a f t er vac c i na t i on one an i ma l  had a severe v i s ceral 

per i t o n i t i s , bu t only mus cle  d egene r a t i o n  i n  the  abdominal wall . The 

o ther had o i l  s paces i n  the par i e tal p e r i t oneum up t o  lmm in d i ame t e r . 

These were s u r r ounded by a reac t i on cons i s t i ng mainly o f  f i brous 

t i s sue i nf i l t ra ted  by an i n f lamma t o ry cell  popul at i on of  mos t ly 

lymphocy t e s  and plasma cells , t oge ther w i t h  a few neu t r o ph i l s . 
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Four weeks a f t er vac c i na t i on , there were no  s i gni f i can t f i nd i ngs 

in  t he abdominal wall o f  one ani mal , a l t ho ugh a modera t e ly severe 

v i s ceral pe r i t o n i t i s  was s een , but  i n  t he o ther , the p a r i e t al 

peri t oneum , d i aphragm ( P late  4 . 2 9 )  and o men t um ( P l a t e  4 . 30 )  were all  

a f fec t ed by a granu loma tous reac t i on con ta i n i ng o i l  s paces . T h i s  

reac t i on was domina t ed by lymphocy tes , macr o phage s and p lasma c e l l s , 

wi t h  occas i onal g i an t  cells and focal aggrega t i ons o f  neu t rophi l s . I n  

s ome areas t h e r e  was ex tens ive f i b ros i s  a n d  early casea t i on . 

One ani mal examined a t  s i x  weeks had a large gr anuloma i n  t he 

muscle  adj acen t t o  t he par i e t al per i t oneum , involv i ng one large ( 1 2 mm 

x 2mm)  cen t ra l  o i l  s pace sur rounded by several s maller ones . There 

was casea t i on and calci f i c a t ion  a t  t he cen t re of  the granuloma . The 

cellular reac t i o n  consi s t ed of macrophages and lymphocy t e s  w i t h  a 

small popula t i on o f  neu t rophi ls . Occas i onal g i an t  cells  were seen . 

There was a s im i lar , bu t m i l de r , inf lamma t i o n  o f  t he omen t u m . The 

o ther animal had a s evere granuloma t o us reac t i on in b o t h  t he p ar i e t al 

pe r i t oneum and t h e  o men t um . The les i on con t ained necro t i c  f o c i  and 

o i l  s paces d e l i ne a t ed by a zone o f  macrophages enc i rcled by 

lymphocy tes  and plasma cell s , whi ch were in t urn surrounded by f i brous 

t i s s ue ( Plat e  4 . 3 1 ) . 

By t he t e n t h  week a f t e r  vaccina t i on , t h e  i n f lammat o ry r e ac t i on 

i n  b o t h  animals was o f  a t y p i cal , chroni c  bu t ac t iv e  granuloma t ou s  

type i nvolving progress ive f ibro s i s . I n  o n e  animal the  reac t i o n  w a s  

con f i ned t o  the  p e r i t oneum , ( bo t h  v i sceral  a n d  par i e t a l )  a n d  i n  t h e  

o ther i t  w a s  w i t h i n  t he muscle t i ssue o f  t h e  abdominal wal l .  The 

l e s i o n  was loosely d i v ided  i n t o  lobul e s  by a f i brous t i ssue  ne twork . 

The c e l lu lar reac t i o n ,  arranged around t h e  o i l  space s , cons i s t ed 

mai n ly o f  mononuclear cells ( macrophage s , lymphocy t es and plasma 

cell s ) and occas i onal gian t cells . 
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b )  Local Lymph Nodes 

1 )  Pre femoral 

O i l  spaces were obse rved in the prefemoral lymph nodes o f  f i ve 

an imals ; two a t  24 hours , one a t  three days , one a t  s i x  weeks and one 

at ten weeks af t e r  vac c i ne admini s t ra t i on .  Aggrega t i ons of large 

mac rophages o r  gian t  cells ( Plate  4 . 32 )  we re s een in all bu t t wo o f  

the  nodes , and bo th o f  the excep t i ons ( one a t  two weeks and one a t  s i x 

weeks ) had occas i onal s i ngle cells o f  t h i s  type . Cor t i cal o r  

paracor t i cal hype rp las i a  was observed i n  t h e  p r e femoral lymph node o f  

o n e  ani mal a t  two weeks and ano ther a t  four  weeks , and f o cal 

coagula t iv e  necros i s  was  observed in  the node of  one animal at  s i x  

weeks . 

2 )  Super f i c ial Ingu inal 

O f  t he 1 4  an i mals , t hree had super f i c ial  i ngu inal lymph nodes 

t h a t  appeared normal : one a t  24 hours , one a t  two weeks and one a t  

t en weeks a f t e r  vac c ina t i o n . Three o thers had i na c t i ve f i brous nodes : 

one at 24 hours , one a t  t h r ee d ays and one a t  s even  d ay s . All bu t two  

o f  the rema i n ing e i gh t  nodes con t a i ned numerous large macrophages 

and / o r  g i an t  cells . The o ther two , one a t  two weeks and one a t  s i x  

weeks , wer e  h aemor rh ag i c .  There were four nodes tha t c on t a i ned o i l  

s pa ces , one a t  three d ays , one a t  two weeks , and t wo a t  s i x  weeks . 

3 )  Lumbar Aor t i c  

O f  t he 14 nod e s , four  were normal and one f i brous and inac t i v e . 

F i ve nodes con tained o i l  s paces , one a t  three d ay s , one a t  four  weeks 

( Pl a t e  4 . 3 3 ) , one a t  s ix weeks and two at t en weeks a f t e r  v a c c i na t i on .  

Two o f  t h es e , one a t  four and one a t  t en weeks , and one o ther ( a t  f ou r  

weeks ) had an increased number o f  macrophages and / or g i an t  cells . The 

o ther t hree nodes , f rom an i mals at 24 hours , s even days and t wo weeks , 

had a reac t i ve hyperplas i a  o f  the c o r t ex and / o r  paraco r t e x .  
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P l a t e  4 . 2 6 

D i f fuse  leucocy te  i n f i l t ra t ion ( 1 )  and oedema ( 2 )  s een in the 

mus c l e  t i s sue of the abdominal wall 24  hours a f ter  t he 

admi n i s t r a t i o n  o f  B ruce lla  o v i s  vac c i ne u s i ng the 

i n t rape r i t oneal techni que . 

200 x magn i f i ca t i o n . H & E s t ain . 

P l a t e  4 . 2 7 

Large o i l  s paces ( 1 )  l i ned wi t h  neu t roph i l s  ( 2 )  i n  the t i s sue 

of the p a r i e t a l  peri t oneum t h ree days a f t e r  the  

admi n i s t ra t i o n  of  B rucel l a  ov i s  vaccine us i ng the 

i n t rape r i t oneal t e chn i que . 

40 x magn i f i ca t i on .  H & E s tain . 
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Pla t e  4 . 28 

O i l  s paces  ( 1 )  l i ned by macrophages ( 2 )  and g i an t  cells ( 3 )  

i n  the t i s s ue o f  the par i e tal peri t oneum s even days af ter  the 

admin i s t ra t ion of Brucella ovis vac c i ne by the 

i n t raper i t oneal techni que . 

60  x magn i f i c a t i o n .  H & E s t a i n . 

Pla t e  4 . 29 

Granuloma tous i n f l amma t i o n  con t a i n i ng o i l  s paces ( arrowed ) 

seen on the s u r face o f  the d i aphragm four  weeks a f t e r  the 

admi n i s t ra t i o n  o f  Brucella ov i s  vaccine by t he 

i n t rape r i toneal t echni que . 

40 x magn i f i c a t i on . H & E s ta i n . 
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Pla t e  4 . 30 

Granuloma t ous i n f lamma t i on con t a i n i ng o i l  s paces ( a r rowed ) ,  

seen i n  t he omen t um four weeks a f t e r  the admi n i s t r a t ion of 

Brucella ovis  vaccine by t he i n t rape r i toneal t e chni que . 

50 x magni f i ca t i on .  H & E s t a i n .  

Pla t e  4 . 3 1 

O i l  s paces ( 1 )  and necro s i s  ( 2 )  s u r rounded by granuloma t ous 

i n f l amma t i on , seen in t he pe r i t oneum s i x  weeks a f t e r  t he 

admi n i s t ra t i on o f  Brucella ov i s  vacc i ne by the 

i n t r a pe r i t oneal techni que . 

40 x magn i f i ca t i on .  H & E s t a i n . 
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Pla te  4 . 3 2 

An agg rega t i on o f  mul t i nuclea t e  g i an t  cells i n  a pre femo ral 

lymph node a f t e r  the admi n i s t ra t i on o f  Brucella ov i s  vacc i ne 

by both  the s ubcu t aneous and the i n t raper i t oneal rout es . 

150 x magn i f i ca t i on . H & E s t ain . 

Pla t e  4 . 3 3 

O i l  spaces s u rrounded by macrophages ( 1 ) , 

a s s oc i a t ed reac t i on , i n  the subcapsular 

lumbar ao r t i c  lymph node . Brucella ovi s 

and , wi thout  a n  

regi on ( 2 ) ; i n  a 

vac c i ne had been 

admin i s t ered by b o t h  the s ub cu t an eous and i n t rape r i t oneal 

rou tes  four weeks p r ev i ously . 

40 x magn i f i ca t i on .  H & E s t a i n .  
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Pres capular Lymph Nodes 

The f i xed pres capular lymph nodes of four  normal , unvaccina ted  

adul t sheep were  found to  range in  we i gh t  f rom 3 . 34g to  5 . 4 7g , wi th  an 

ave r age we igh t o f  4 . 4g .  The d i f fe rences i n  we i gh t  between r i gh t and 

le f t  nodes f rom the same an imal ranged f rom 0 . 02g to 1 . 8 7g , wi th  an 

ave r age o f  0 . 355g , and ei ther the r i gh t or the le f t  could be t he 

heav i e r  node . 

There was a no t i ceable d i f ference in  t he average we igh t o f  the  

le f t  and r ight  p res capular lymph nodes i n  the expe r i me n t a l  an i mals  

wh i ch had been vac c ina t ed subcu t aneous ly w i t h  an inac t i va t ed 

Brucella ovi s s al i ne- in-o i l  vaccine on the r igh t hand s i de o f  the neck 

( P l a t e  4 . 34 ) . The average we igh t  o f  the  node on the s ame s i de as t he 

vacc i na t i on s i t e was grea t e r  than that  o f  t h e  node on the o t her s i d e . 

The lymph node we i gh t s  a r e  l i s ted i n  Table 4 . 5 .  For the s even sheep 

whi ch had bo th  the r i gh t  and the le f t  node w e i ghed , the mean we i gh t o f  

the  r ight  node was 4 . 04g grea ter  than t ha t  o f  the l e f t ,  and t h i s  

d i f f e rence was s t a t i s t i cally s ign i f i can t a t  t h e  5 %  level ( P<0 . 05 ) . 

There was a t r end t owards  increas i ng w e i gh t  d i f f erence be t ween 

r i gh t  and le f t  nodes w i th i n c reas i ng s i ze of  the  lesion at  t he 

i nj e c t i on s i t e .  The grea tes t d i f fe rence i n  lymph node weigh t s  ( 6 . 2g )  

was reco rded f o r  t h e  animal w i t h  the large s t  vaccina t i o n  s i te l e s i o n  

( 40cm2 ) ,  and t h e  ani mal w i t h  t h e  smalles t d i f f e rence i n  lymph node 

weigh t s  ( l . lg )  had n o  palpable les i on at  the  inj e c t ion s i te .  
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Table 4 . 5  

Ue igh t s  O f  Pres capular Lymph Nodes 

And S i z e s  Of Subcu taneous Les i ons 

In  Animals  Vac c i na t ed Using Brucella ovi s  Vac c i ne 

Admini s t e red By Bo t h  The Subcu taneous And The I n t raper i t oneal Rou tes  

Sheep Numbe r  Di mens i on s  o f  

1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12  

13  

14  

Mean 

Subcu t aneous 

Les i on 

no l e s i o n  

no  les i on 

no les i on 

2 x 2 cm ( 4c m2 ) 

no l e s i o n  

3 x l cm ( 3 c m2 ) 

6x3cm ( 18 c m2 ) 

2x2 c m  ( 4c m2 ) 

10x4cm ( 40cm2 ) 

3x3cm ( 9c m 2 ) 

5x2cm ( 1 0cm2 ) 

2x2cm ( 4cm2 ) 

5x3cm ( 15 cm 2 ) 

no  l e s i on 

7 . 6cm 2 

NB NA No t Ava i lable 

Ueigh t o f  We igh t o f  Weigh t 

Right  Node Le f t  Node D i f f erence 

1 0 . 4g NA NA 

4 . 9g NA NA 

4 . 0g NA NA 

S . Og 2 . 1g 2 . 9g 

3 . 0g NA NA 

3 . 8g NA NA 

6 . 3g 2 . 0g 4 . 3g 

4 . 9g NA NA 

9 . 7g 3 . 5g 6 . 2g 

6 . 6g NA NA 

10 . 6g 4 . 5g 6 . 1g 

5 . 3g 2 . 2g 3 . 1g 

lO . Og 5 . 4g 4 . 6g 

6 . 6g S . Sg 1 . 1g 

6 . 5 1g 3 . 6g 4 . 04g 
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P l a t e  4 . 34 

The d i f fe rence i n  s i z e  be tween the le f t  and r i gh t  pres capular 

lymph nod e s  of an an i mal vac c i n a t e d  subcu t aneously u s i ng 

Brucella ov i s  vac c i ne on t he r igh t s i de  o f  t he neck . 
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Chro n i c  Reac t i on To  Vac c i na t i on 

Th i r ty rams wh i ch had been vac c i na t ed by the i n t raperi t oneal 

technique we re ava i lable for necropsy . 

O f  16  rams that had been vac c i na t ed once u s i ng the 

i n t raperi t oneal techn ique six mon ths be f o r e  necropsy , four had no 

gross les ions when exami ned . Nine rams ( 5 6% ) had granuloma t ous 

les i ons in  the abdominal wall ( i . e .  the mus cula ture  o f  the f lank o r  

t he p a r i e t a l  peri t oneum ) , and three ( 1 9% ) h a d  v i s ce ral peri t on i t i s . 

O f  14 rams that  had been vaccina t ed twi ce , e i gh t  weeks apar t ,  

u s i ng the i n t rape r i t oneal t echnique , 1 1  ( 7 9% ) had g ranuloma t ous 

les i on s  in  the abdominal wall ( Plates  4 . 35 ,  4 . 36 and 4 . 3 7 ) ,  three 

( 2 1 % )  had serosal adh e s i ons  be tween abdomi na l  o rgans ( P l a t e  4 . 38 ) , and 

f i ve ( 36% ) had v i s c e ral peri t on i t i s . Of the f i ve hav i ng v i s ce ra l  

p e r i t oni t i s , t h r e e  a l s o  h a d  " ex t raper i t onea l "  granuloma t ous  les i ons  i n  

the  abdom i nal wal l . Two o f  the  t hree rams whi ch had adhes i on s  b e t ween 

abdomi nal o rgans also had e x t rape r i t oneal l e s i ons  in the abdominal 

wal l . 

The s e  examina t io n s  were car r i ed ou t s i x  mon ths a f t e r  

vaccina t i on , ye t 2 7 %  o f  t h e  3 0  r ams s t i l l  had chron i c  b u t  a c t i ve 

v i s ceral  per i toni t i s  v i s i bl e  gros s ly .  I n  66% o f  ani ma l s  vac c i na t ed 

e i t he r  once or  twi ce i n t rape r i t oneally , a t  l eas t s ome o f  t he v ac c i n e  

h a d  been depo s i t ed ex t raper i t oneally . 
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Plate 4 . 3 5 

Par i e t al pe r i t oneal sur face of  the right  flank , showing a 

les i on presen t s i x  mon ths a f t e r  the admi n i s t ra t i on o f  

Brucella ov i s  vacc ine using the i n t raperi toneal techni que . 

Plate 4 . 3 6 

Same les i on as above , incised t o  show sem i s o l i d  yellow 

con t en t s  ( ar rowed ) .  
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Pla te 4 . 3 7 

Incised les io n  on the parie tal peri toneal surface o f  the  

r i gh t f l ank , showing the  wh i te vacc ine ( ar rowed ) ,  six  mon t hs 

a f te r  the admi n i s t ra t i on of  Brucella ov is  vacci ne u s i ng t he 

i n t raper i t oneal techn ique . 

P l a t e  4 . 38 

Two d i s t in c t l e s i ons i n  the mus culature of  the r ig h t  f l ank , 

and serosal  adhe s i ons t o  t he v iscera . The ram had been 

vac c i na t ed twic e  wi th B rucella  ov i s  vaccine u s i ng the  

i n t raper i t oneal t e chn ique , six  mon t hs earl i e r . 
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DI SCUSSION 

The adm i n i s t ra t ion o f  an inac t i va t ed B rucella ovis  s a l i ne- i n-o i l  

va cc i ne us ing the s ubcut aneous rou t e  in t he neck caused t h e  

developmen t o f  a palpable l e s i on i n  t h e  t i ssues a t  t he s i t e o f  

i nj ec t ion in  n i n e  ou t o f  t h e  14 sheep in  t h i s  t r ial ( approxima t ely 

6 4% ) . It  i s  l i kely that even more would have even tually develo ped 

les i ons if  they had not  been ki l led s oon af t e r  vacc i na t i o n .  All b u t  

one o f  the an i mals  ki lled a t  o r  l a t e r  t han two weeks a f t e r  vaccina t i on 

had d eveloped a pal pable les i on , and in  the s e ro logy t r i al des c r i bed 

i n  Cha p t er 3 a les i on developed at  all o f  the  7 8  subcu t aneous 

vac c i na t i on s i tes  a t  some s t age dur i ng the expe r i men t . The use o f  

t h i s  vaccine by the s ubcutaneous rou t e  mus t  there f o re be expe c t ed 

inev i t ably to  resu l t  i n  the d evelopmen t o f  palpable les i on s . 

The les i ons f ound in  animals i n  t h i s  t r i al var ied i n  s i ze and 

shape f rom a 2cm d i ame t e r  s pherical  nodule t o  a 1 0 cm x 4cm f l a t  

rec t angular reac t i on . The rec tangular l es i on s  always had a ver t i c a l  

( do r so -ven t ral ) d i mens i on grea t e r  t han t h e  ho r i zontal ( crano- caudal ) ,  

pos s i b ly due t o  g r av i t a t i onal forces , as i s  s een in  the ven t ra l  

ac cumulat i on o f  many fluids  when t hey are  adm in i s t e red by t h e  

subcu t aneous rou t e .  

i n  

were s l ow-devel o p ing chron i c  g ranuloma t o u s  

c i rcular pa t t e rn s  a round drople t s  o f  o i ly 

i n f lammat ion i s  o f t en a reac t i on t o  t h e  

a f o r e i gn body , i n  t h i s case o i l ,  wh i ch cann o t 

o f  

o f  

I t  i s  a p ro t rac t ed f o rm o f  respon se ,  and i s  

These les i on s  

reac t i ons a rranged 

vac c i n e . Th i s  type 

con t i nual presence 

eas i ly be removed . 

s i m i l a r  to  tha t s een i n  s u c h  d i seases a s  t uberculo s i s  i n  whi c h  t h e  

mycobac t e r i a  ac t a s  t h e  foreign body ( Robb-Smi t h  and Tayl o r , 1 9 8 1 ) .  

The examin a t i ons made o f  the lymph nodes i n  the reg i on o f  the  

vac c i na t i on s i t e s h owed that  o i ly vaccine drains into  these  nodes  

wi t h i n  24 hours . The  p resence of  o i l  d rople t s  i n  the subcap s u l a r  

s pace t ha t  w e r e  no t surrounded by a n  i n fl amma t o ry reac t i on sugge s t s  

that  o i l  con t i nues  t o  arrive  a t  the node for  a t  leas t several weeks 

a f t e r  v ac c i na t i on .  The reac t i on o f  the node to  this  s t i mu lu s  was 

qui t e  s pe c t acula r , u p  to a threefold i n crease i n  weigh t was observe d  
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i n  s ome o f  the prescapular lymph nodes on the s ame s i d e  as the 

inj e c t i on s i t e  in compar i s on wi th the node on the o ppos i t e s i d e . 

Al t ho ugh the number o f  no rmal animals ava i lable f o r  examina t i on 

was limi ted , the data  agreed wi th that o b t ai ned f rom t he care fully 

d i ssec ted , fresh un f i xed p r e s capular lymph nodes o f  s i x  normal adul t 

ewes i n  wh ich the average we igh t d i f ference be tween l e f t  and r i g h t  

n o d e s  was found to b e  m i n i mal 

commun i c a t i on , 1 986 ) . 

( 0 . 3 1 g )  ( S . T .  Yao , personal  

Hi s t o logi cally , there was an  increase in  the numbe r  o f  

lymphocy t es in the af fec t e d  lymph nodes . The paraco r t i ce s , wh i ch are  

known to  con tain ma inly T-lymphocy t es , we re par t i cularly 

hyp e r ce l lular . The presence o f  numerous very a c t ive ge r m i na l  cen t re s  

i n  s ome nodes was as s o c i a t ed wi th  t h e  presenc e , w i t h i n  these s ame 

node s , o f  large numbers of plasma cells . 

hypo t hes i s  that germi nal c en t res are 

t rans forma t i on .  There was also the 

This i s  cons i s t e n t  w i t h  t he 

t he s i t e o f  B-lymphocy t e  

s ugge s t i on o f  a 

r e l a t ions h i p  be t ween the p r e s ence o f  great e r  t han n o rmal 

p o s s i b l e  

numbers o f  

p la s ma cells  and the deve lopmen t o f  an an t i body t i t r e .  Thi s  was 

i n d i c a t ed by the fac t that  the f i r s t  an i ma l  observed t o  have a 

no t i c eable i ncrease i n  p l as ma cell  numbers i n  the p re s capular lymph 

n od e , was also the f i r s t  to have developed a p os i t ive reac t i on to the  

complemen t f i xa t i on t es t and the ELI SA ,  a t  t wo weeks a f t e r  

v ac c i na t i on .  

There was a prol i f e ra t i on o f  large 

many of the nodes , and the forma t i on 

o b s e r ved . The large number s  o f  t hese  

p ro bably needed for  the  phagocy t o s i s  o f  

number s  o f  mac r ophages w i t h i n  

o f  g i an t  c e l l s  was o f t en 

p hagocy t i c  c e l l  types wer e  

the l arge volumes o f  o i ly 

ma t e r i a l  a r r i ving a t  the node . This  was s ugges ted by t he abundan t ,  

f oamy cy t o plasm o f  these c e l l s . The dura t i on o f  t h i s  r e s pons e  

s u p po r t s t he theory that  t h e  rel i ab i l i ty o f  o i l -adj uvan t vacci nes i s  

d u e  i n  par t t o  the  con t i nued s t i mu la t i on f r om the long- l i ved vacc i ne 

d e p o t wh i c h  r emains i n  the  t i s sues . ( '' Immunos t i mula t i on " , 1 9 8 0 ) . 
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The mos t  unexpec t ed ou t come o f  this  t r i al was 

failur e , when u s i ng the i n t rape r i toneal techn ique , 

to tal volume o f  vac c i ne wi thin  the pe r i t oneal cav i ty .  

the f r equen t 

t o  depos i t  the 

From necropsy 

resul t s  on  all the animals exam i ned , i t  was demons t ra t ed that  ove r 50% 

o f  " i n t raperi toneal"  inocula t i on s  resul ted i n  at leas t par t i al 

ext rape r i t oneal depos i t i on of vacc i ne . I t  should be s t res s ed tha t  the 

vacc i ne was adm i n i s te red wi th ex t reme care , every e f f o r t  b e i ng made to 

use new , cl ean equi pmen t and t o  fol low the recommended t e chni que as 

des c r i bed by Thomson e t . al .  ( 1 9 6 9 ) and by Quinl i van and Wallace 

( 1 9 7 9 ) .  Thus unde r  f i eld cond i t i on s , o r  when inj e c t i ng large r o r  

fa t t e r  shee p , i t  i s  l ikely tha t the percen t age o f  s uch fai lures could 

be even grea t e r . This l i ke l i hood was suppo r t ed by the grea t e r  

propor t i on ( 66 % )  o f  " e x t rape r i t oneal " depos i t i on observed i n  young 

rams in compar i s on wi th tha t in ol der , thinner ewes ( approxima tely 

30%) . The y oung r ams , b e i ng i n  be t t er cond i t i on , had t h i cker 

abdominal walls t han the ewes . 

When maki ng compar i s ons b e t ween the local t i s sue reac t i ons 

resul t i ng f rom the use of the  s ubcu t aneous and t he i n t raper i t oneal 

rout es , t hese  " ex t raper i t oneal '' r eac t i ons should no t , s t r i c t ly 

s peak i ng , be i ncluded i n  the assessmen t , as i n  these cases the  s i t e o f  

depos i t i on o f  the  vaccine was n o t  i n t ra pe r i t oneal . However ,  when 

compa r i ng t he subcut aneous me thod and the i n t raper i t oneal t echnique 

des c r i bed by o th e r  workers ( Thomson e t . al . , 1969 ; Qui n l i van and 

Wallace , 1 9 7 9 ) , then t he ex t rape r i t oneal les i on s  are o f  cons i d e rable 

i mpo r t ance , s i nce i t  is clear f r o m  the present  resul t s  tha t they are 

an i nh e r en t , unavo i dable consequence of the use o f  t h i s  t e chnique . 

Such e x t raper i t oneal depo s i t s  i n  the muscula ture o f  t he f l ank 

resul t e d  i n  loca l  l e s ions s i m i l a r  to those des c r i bed i n  " Surve i llance" 

( 1 978 , 1 98 0 ) as h av i ng been f ound i n  s ome l i nes of rams sent f o r  

s laugh t e r  a t  mea t works . I n  one o f  these 

desc r i bed a s  " ra i s ed f la t  and f i brous 

cen t res . "  ( Surve i llance , 1 9 80 ) . I f  these 

repo r t s  the 

w i th  f i rm 

were the 

les i ons were 

ye ll ow necro t i c  

resul t o f  the  

vaccine  h av i ng been depos i t ed e x t raperi t oneally i t  would i nd i ca t e  that  

i naccur a t e  p lacemen t of  the  vacc ine may also be a problem whi ch occurs  

i n  t he f i e l d .  Qu i n l i van and  Wal lace ( 1 9 7 5 ) ,  also , repor t ed f inding 

l e s i ons i n  the mus culat ure o f  the flank i n  s ome o f  the  40 rams 
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i nvo lved in a p i l o t  t r ial inves t i ga t ing the i n t ra pe r i t oneal 

vacc inat ion t echn i que . Th is  i mplies that  ext raperi t oneal depos i t i on 

o f  vacc ine also occurred in the i r  t r i al . The ext rape r i t oneal l e s i o n s  

s e e n  i n  t h i s  present  t r ial  were very s i m i lar i n  gross appearan c e  t o  

t hose seen a t  t he subcut aneous inj e c t ion s i t e .  

Des p i te  the care taken in  us ing a clean , co r r e c t  t e chn i qu e , 

nearly 80% o f  the animals inocula ted by the i n t rape r i t oneal me thod 

d eveloped v i s ceral pe r i t oni t i s  o f  some type . Necrops i e s  of  an i ma l s  

f rom o ther t r ials  tha t had been vacc i na t ed int rape r i t oneally s i x 

mon ths befo rehand provi ded fur ther evi dence that the  maj o r i t y  o f  

animals gi ven a s i ngle i n t raper i t oneal inj ec t i on o f  the  Brucella o v i s  

vaccine develop  peri t on i t i s . The reac t i on varied i n  s eve r i t y  and 

durat i on ,  but  approximat ely 20% o f  an i mals s t i l l  had g ro s s ly v i s i b l e  

v i s ceral peri t on i t i s s i x  mon ths af ter  vac c i na t i on .  T h e  l ikel ihood  o f  

a m o r e  severe , chron i c  r eac t i on develop i ng appeared t o  i nc r ease  when 

two vaccina t i ons were g iven , as i n  the group of animals vacc i na te d  

t w i ce ,  36% had p e r i t on i t i s  s i x  mon t hs a f t er vac c i nat i o n . Th i s  f i nd i ng 

i s  con t rary t o  the  o p i n i on o f  Qui n l i van and Wal lace ( 1 9 7 9 ) , wh i ch was 

that such local reac t i on s  were uncommon i f  the correct techni que was 

u s ed . 

Examinat i ons made o f  the local lymph nodes in the  r eg i o n  o f  t h e  

p er i toneal i nj e c t i on s i t e revealed t h a t  t hey r ea c t ed t o  the  vacc i ne i n  

t h e  same way a s  those in  the region o f  t h e  s ubcu taneous i nj e c t i on 

s i t e .  O i l  a r r ived a t  the  node w i t h i n  24  hour s , and t here  was s ome 

e v idence t h a t  i t  con t inued to  do s o  t h r oughout  the  expe r i men t . T h e  

node became m o r e  a c t ive , t he number o f  lympho cy t es , plas ma c e l l s  and 

macrophages i n c reased , and aggrega t i ons o f  g i an t  cells we r e  seen . 

No ma t t e r  where the vaccine was depos i ted i n  t h e  p re s e n t  

expe r i men t , b e  i t  subcu t aneous , i n t e rmus cular o r  int raper i t onea l , t he 

s ame type o f  t i s su e  reac t i on was observed m i c r o s c opically . Thi s  was  a 

s l owly p rogres s ing granuloma t ous i n f lamma t i on arranged around t h e  

d rople t s  o f  o i ly vacc i ne . Even o n  serosal  sur faces i n  the  p e r i t oneal 

cavi ty , such a s  t h e  omen tum and d i a ph ragm , the peri toni t i s was o f  t h e  

s ame granuloma t ou s  type , and was alway s  s t e r i l e . Th i s  i s  cons i s t e n t  

w i t h  t he m i c r o s co pi c  d e s c r i p t i on o f  t h e  l e s i on s  s een a t  s laugh t e r  i n  
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the freez ing works ( Su rve i l lance , 1980 ) wh i ch were des c r i bed as 

" granuloma tous with many mac r o phages , giant  c e lls and lympho c y t e s  

s u r round ing necro t i c  t i s s ue . " 

In Chap ter 3 i t  was shown that fol low ing i n t rape r i toneal 

vac c i na t i on the se rologi cal t i tre rose more slowly than i t  d i d  

f o l lowing subcu taneous vacc i na t i on .  Th i s  d i f ference canno t be 

explained by a d i f f e rence in the type of i n f lamma t i on a t  these two 

s i t es , as i t  has been al ready shown that the rea c t i ons are very 

s i m i lar . I t  i s  p o s s i ble that  the i n t rape r i t oneal reac t i on develops  

s l igh t ly more  slowly than the  s ubcu taneous one , espec i ally in  the  

f i r s t  few days . A t  2 4  hour s  and th ree days , t he peri t oneal reac t i on 

appeared h i s tologi cally t o  b e  more d i f fuse  t han that  a t  the  

subcutaneous s i t e .  T h i s  d i f fe rence in response t i me may have mean t 

that  i mmunologi cally ac t i ve c e l l s  ac cumula t ed m o r e  s lowly , and that  

conseque n t ly the  an t i body response  was slowe r t o  deve l o p . It  may have 

b een tha t  the blood s upply at the i n t ra pe r i t oneal s i t e was poor e r , 

resul t i ng in  s lowe r m i g r a t ion o f  the immunolog i c ally ac t ive cells i n t o  

t h e  t i s sues a t  the vac c i na t i on s i t e .  A more l i kely pos s i b i l i ty may 

h ave been that the lympha t i c  drainage was less  e f f i c i e n t  at the  

p er i t oneal s i t e .  Thi s  l a t ter  p o s s i b i l i ty ga i n s  c redence when i t  is  

cons i de r e d  tha t only a local  lymph node  from  the  subcutaneous s i te 

( the p r e s capula r )  s howed any gross  reac t i o n  to  vaccina t i on ( an 

i nc rease i n  s i ze ) , wh i le the nodes i n  t h e  r e g i on o f  the 

i n t ra pe r i t oneal i nj ec t i on appeared grossly to  b e  normal . 

I n  s ome animals the peri t on i t i s  obs e rved was very severe and 

e x t en s i ve adhes i ons were some t ime s  present a t t ached to the v i s c e r a . 

A l t hough no  obv i ou s  s igns o f  d i s t r e s s  were observed i n  animals t ha t  

were subsequen t ly f ound to  have peri toni t i s , i t  i s  pos s i b l e  t h a t  i n  

s ome cas es the d i s co m fo r t  o f  t h e  inf lamma t i o n  a n d  adhes i ons 

t he animal d i s inc l i ne d  to  move , thus i n t e r f e r i ng w i t h  

r e p roduc t i on . N o  e f fo r t  was made t o  measure t he e f f e c t s  o f  

w e i gh t  l o ss ) , and s o  t h i s  rema i n s  a subj e c t  o f  s pecula t i on .  

may make 

feed i ng o r  

pain ( e . g .  
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Th i s  t r i a l  has shown that  i r respe c t i ve o f  whe ther i t  i s  

adm i n i s t e red subcu taneous ly o r  i n t rape r i t oneally , the Brucella ov i s  

vac c i ne usually produces a seve r e  local i n f lamma t o ry res ponse . Th i s  

res ponse i s  long- l i ved and the les i on essen t i ally cons i s t s o f  a dense 

granuloma t ous reac t i on ar ranged around d rople t s  of o i ly vacciue . 

M a t e r i al from the s i t e o f  vac c ine depos i t i on d rains i n t o  local lymph 

nodes and s t i mu la t es them to become more ac t i ve . The reac t i on i s  

e s s en t i ally the same a t  bo th the i n t ra pe r i t oneal and subcu taneous 

s i t e s . The i n t rape r i toneal rou t e  of adm i n i s t ra t ion merely removed 

t h i s rea c t i o n  t o  a place wher e  i t  was no longer v i s i bl e  in t he l i ve 

ani mal . 
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CONCLUSION 

1 )  Subcu taneous depos i t i on o f  i nac t i va t ed Brucella ov i s  

saline- i n-o i l  vacc i ne usually resul t ed i n  the  developmen t o f  a chron i c  

g ranuloma t ous reac t i on a t  the s i t e o f  i nj e c t i on . The lesion p rodu �ed 

cons i s ted o f  mac rophages , lymphoc tyes and f i brous t i s sue , and to a 

lesser ex t en t  plasma cells and g i an t  cells , arranged a round d r o p le t s  

o f  o i ly v ac c i ne .  

2 )  P e r i toni t i s  o f  bo th  t he v i s c eral and par i e t al pe r i t on eum and 

the serosal  sur faces of abdominal o rgans was a common s equel to the 

admin i s t ra t i on of Brucella ov i s  vacc ine by t he i n t raper i t oneal 

t echni que . Peri t on i t i s  occurred in approximat ely 80% of cases in t h i s  

t r ial , and adhes i on s  be tween o rgans were a l s o  s een . The i n f l amma t i on 

was agai n  o f  a chron i c  granuloma t ous type . 

3 )  O i l  f rom the vac c i ne reached local lymph nodes very qui ckly 

and con t i nued to d o  so  over many weeks . The lymph nodes became 

hyperplas t i c  and in s ome cases obv i o u s ly enlarged . 

4 )  I n  over 50% o f  cases careful a t t emp t s  t o  depos i t  t he vacci ne 

solely in t h e  p er i t oneal cav i ty we re unsucces s ful , resul t i ng i n  

e x t rape r i t oneal ( us ually i n t er mus cular ) depos i t ion o f  a t  leas t par t o f  

t he dose . I t  was conc luded that  i n  t h e  f i el d , where cond i t i ons a r e  

l e s s  i d eal , t h i s  r e s ul t would o c c u r  even mo re f requen t ly . The 

reac t i on a round these e x t raper i toneal depos i t s was s i mi la r  to tha t 

s een a t  t h e  subcu t aneous s i t e .  

5 )  Wherever the vacci ne was depo s i ted i t  resu l t ed i n  a chron i c  

g ranuloma t ou s  i n f l amma t o ry reac t io n . Us i ng t he i n t rape r i t oneal method  

of  vacc i na t i o n  d i d  not  r educe the l i kel i hood of  this  reac t i on 

occu r r i ng i n  compa r i s on wi t h  the subcu t aneous t echnique , and les i on s  

i n  t h i s  s i t e could be  hazardou s . The u s e  o f  t h e  i n t raper i t oneal 

t echn i que merely removed the damage to a s i te where i t  was no longer 

v i s i ble in t he l ive ani mal . 
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I NTRODUCTI ON 

CHAPTER 5 

THE ARTIFICIAL I NFECTION OF  SHEEP VITH 

BRUCELLLA OVI S ( PI LOT TRIAL)  

In o rder  to  to  compare relat ive res i s t an ces to  Brucella ov i s  

i n f e c t ion i n  d i f fe r en t  groups o f  ani ma ls ,  i t  i s  f i rs t  necess ary t o  

es t ab l i sh a r e l i ab l e  me thod o f  ar t i f i c ial  challenge wh i ch cons i s t en t ly 

p roduces infec t i on i n  sus cep t i ble  indivi duals . Al th ough a nat ural 

source o f  i n f e c t i on would be  preferred when conduc t ing exper i men t s  

i n t o  d i s ease res i s tance , the  low rates  o f  i n fec t i on ach i eved and t he 

inab i l i ty t o  guaran t ee t h a t  each an i ma l  receives t he same challenge 

dose  makes i t  i mp rac t i cal . In order to keep animal numbers to a 

m i n i mum i t  i s  bes t i f  the infec t i on ra t e  p roduced i n  the sus cep t i ble  

group  i s  as c l o s e  a s  poss i ble t o  100% 

Many d i f fe r en t rou t e s  o f  i n f ec t i on have been used exper i men t al ly 

i n  a t t emp t s  t o  i n f e c t  ani mal s w i t h  Bruce l l a  ov i s . Thes e  have i n cluded 

the  i n t ravenou s , s u b c u t aneous , i n t raconj unc t i val , i n t raprepu t i a l , 

i n t r a tes t i cu la r , i n t raep i d i dyma l ,  o ra l  and nasal . ( S i mmons and Hall ,  

1 9 53 ) . Mos t worke r s  have chosen the i n t ravenous me t ho d  as being t h e  

mos t  conven i en t a n d  cons i s t en t , and i t  w a s  d e c i ded t h a t  t h i s  would b e  

t he r ou t e  used i n  t h i s s t udy . B y  t h i s  me t ho d , i n f ec t i on r a t e s  o f  u p  

t o  9 0 %  have b e e n  a c h i eved i n  suscep t i bl e  sheep . ( Buddle and Boyes , 

1 95 3 ) . Howeve r , resu l t s have been e x t remely var i able , w i t h  i n f ec t i on 

r a t e s  usually b e tween 60% and 80% , bu t occas i onally a s  low as 45% 

( Clax ton , 1 9 6 8 )  and s ome t imes les s . 

The magn i t ud e  o f  the challenge dose has var i ed f rom 1 x 1 06 t o  

1 x 1 09 B rucel l a  o v i s  o rgan i sms . Mos t c o mmonly a dose  o f  

approximat e ly 1 x 1 07 bac t e r i al " colony f o r m i ng uni t s "  has been u s ed . 
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I t  was dec i ded t o  carry ou t a p i l o t  t r ial  on  f i ve rams t o  

d e t ermi ne the rate o f  i n fec t i on tha t c ould be achi eved by t h e  

i n t ravenous inocula t i on o f  approximat ely 1 x 1 0 8 Bruce lla ov i s  

o rg ani sms t o  each an i mal . 
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MATERIALS AND METHODS 

The sheep used were f i ve c l i n i ca lly normal , 12 mon t h  o ld r ams 

f rom f arms accred i ted as being f ree from Brucella ov i s  i n f e c t i on . 

P r i o r  t o  

cul t u r ed for  

the  expe r i ment , 

ev i d ence o f  any 

s emen s amples 

pathogen i c  

were c o l l e c ted and 

bac t e r i a  i nclud i ng 

Brucella  ov i s . B lood samples were also  collec t ed and  t es ted for  

Brucella  ov i s  an t i body by  t he complemen t f i xa t i on t e s t ( CFT ) . 

Managemen t 

The r ams were kept i n  a small paddock o f  m i xed pas t ur e  speci es 

and the i r  d i e t  was s uppleme n t ed w i t h  some hay dur ing the  w i n t e r . They 

were d renched r egularly us i ng 2 25mg of t he anthelmi n t i c  Fenbendazole1 

P r od u c t i on o f  Brucella ovi s  Cha l l enge Suspens i on 

A f i eld  s t rain o f  Brucella o v i s  was i so la te d  f ro m  t h e  s emen o f  a 

four-year-old na turally i n fe c t ed ram whi ch had les i ons o f 

e p i d i dymi t i s . T h i s  ram was p a r t  o f  a f lock o f  chron i ca l ly i n fe c t e d  

animals  u s e d  i n  ano ther s t udy o f  ovine b rucel lo s i s  ( Wo r t h ing t on 

e t . a l . ,  1 9 85 ) . The ram had been cons i s t en t ly shed d i ng Brucella o v i s  

bac t e r i a  i n  i t s  s emen for  o v e r  a year . 

The s emen s ample , o b t a i ned by elec t ro-ej acula t i on ( s ee 

Append i x  5 )  was used to  inocu l a t e  four sheep blood agar p l a t e s , four  

mod i f i ed Thayer -Mar t i n  agar plates  (a  s el ec t i ve B rucell a  o v i s  med i um ) , 

and two M cConkey agar plates  ( t o d e t e c t  pos s i bl e  f aecal con t am ina t i on 

of  t he s ample ) . One plate  of  each type o f  med i um was i n cuba t ed 

aero b i c a l ly a t  3 7 °C , whi le t he r e s t were i ncubat e d  i n  an a t mo sphere o f  

approxima t ely 1 0% C02 a t  3 7 °C ( mi croaeroph i l i c  cond i t i o ns ) . 
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Af ter  fi ve days , typ i cal Brucella av i s  colonies were observed 

growing on the blood agar p l a t es w h i ch had been i n cuba t ed i n  

m i c roae roph i l i c  cond i t i ons . Two typi cal colonies we re chosen and each 

was subcul tured onto two sheep blood aga r plates , one of wh i ch was t o  

b e  cul tured aero b i cally and the o t her i n  10% C0 2 • 

The i s o la t e  was subj ected t o  t he following bac t e r i ol og i cal 

t e s t s :  

1 )  Mo t i l i t y 

2 )  Ureas e a c t i v i ty 

3 )  Ci t ra t e  u t i l i s a t i on 

4 )  Hyd rogen sulph i de p rodu c t i on 

5 ) Dex t ro s e  ox i d a t ion and fermen t a t i on 

6 )  Ni t ra t e  reduc t i on 

7 ) Oxi dase  ac t i v i ty 

( See Append i x  1 f o r  bac t e r i o logical me t hods ) .  

Thes e  t es t s  we re all nega t i ve , f u r ther evidence o f  the  

o f  the supposed Brucella ovis  i so l a t e .  A i r-dried smears  

i den t i ty 

o f  the  

colonies , when s taine d  by the Mod i f i ed Z iehl-Neelsen t echni qu e  ( S t amp 

e t . al . , 1950 ) , s howed only smal l , red  ( ac i d - fas t )  cocco-baci ll i . The 

bac t e r i a  wer e  a l s o  gram-nega t i ve . 

A t  9 6  hours  the plates cul tu r ed i n  aer o b i c  cond i t i on s  s howed n o  

v i s i ble growt h  and w e r e  d i s carded . T h e  m i croaeroph i l i c  cul t ur e s  

s howed grow t h  t y p i cal o f  B rucella ov i s . Th i s  96 hour cul ture  was 

harves ted f rom one of t he blood agar p l a t e s  us ing a s t e r i l e  c o t t on 

wool swab and u s ed t o  i noculate 6ml  o f  s te r i le heart  i nfus i on b ro t h .  

Th i s  suspens i on was i mmed i a t ely u s ed t o  i no culate 2 0  Tryp t i case  Soy 

Agar ( T SA )  s l o p e s  to wh i ch h ad been add e d  5% b ov i ne s erum . The me thod  

of  i nocula t i on was  t o  add  four  d ro p s  o f  the  heart  i nfus i on b r o t h  

sus pens i on t o  each s lo p e  us i ng a Pas t e u r  p i pe t t e .  The T SA s l o pe s  wer e  

i n cuba t ed w i t h  l oose l i d s  i n  10% C0 2 a t  3 7 °C . 

A f t er 7 2  hours i ncuba t i on , t h e  s lopes  were exam ined . Two were 

d i s carded a s  hav ing grow th a ty p i cal o f  Brucella ov i s .  t h e  rema i n i ng 

s l o pe s  were harve s ted  by add i ng 2ml s t er i le  p e p t one s a l i n e  t o  each , 

flushing the growth  f rom the slope w i t h  a s t er i le Pas teur p i pe t t e ,  and 
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t rans f e r r i ng the resu l t an t  sus pens i on t o  a s t e r i le Un i versal b o t t l e . 

The b o t t les  were numbe red , and a smear f rom each was s t a i ned by t h e  

G ram and Mod i f i ed Z i eh l-Nee lsen me thod s , and exami ned unde r  a 

ensure tha t t he cul tures  were typi cal and mi c r o s cope t o  

uncon t amina ted . One s mear was a ty p i cal and t h a t  bo t t le  was d i s carded . 

The rema i n i ng sus pens ions were pooled i n t o  two Un iversal bo t t les , one  

t o  be used in maki ng t he challenge suspen s i on and one t o  be  he l d  i n  

rese rve i n  case o f  mi s hap . 

Es t i ma t i on o f  Bac t e r i a l  Concen t ra t ion o f  Chal l enge Suspen s i on 

The pooled sus pens i on was used t o  make s e r i al t enfold  d i lu t i on s  

f rom 1 / 10 t o  1 / 1 0 1 0 t o  be used i n  a v i able  coun t i ng p ro c ed ur e  

( Ap pend i x  4 ) . The bac t e r i al concen t ra t i on o f  the  1/10 2 d i lu t i on was 

es t i m a t e d  by f i l l i ng a P e t ro f f-Hausser  bac t er i a  coun t i ng chambe r  and 

exami n i ng i t  und e r  h i gh power by dark- f i eld  mi cros copy ( s e e  

Append i x  4 ) . 

The dark- f i el d  coun t showed t ha t  t h e  o r i g i nal 

con t a i ne d  an es t i ma t ed 1 . 2  x 1 0 1 0 bac t e r i a  per ml . 

suspens i o n  

I t  had been d e c i d ed that  t h e  challenge dose should con t a i n  

approxima t ely 1 0 8  bac t e r i a  i n  a volume o f  Sml . Some o f  t he o r ig i n a l  

sus p en s i on was t h u s  d i lu te d  t o  1/ 1 0 0 t h  t o  g i v e  a n  es t i ma t ed 

concen t ra t i on o f  1 . 2  x 1 0 8 bac t e r i a  p e r  ml , and t hen d i lu t ed aga i n , 

one i n  f i ve , s o  t h a t  t he f i nal c on cen t ra t i o n  was es t ima ted t o  b e  

1 . 2  x 1 0 8  p e r  Sml . 

I n  o rder  t o  e s t ab l i sh the  ac t ual c oncen t r a t i on o f  v i ab l e  

bac t e r i a  i n  the  s u s p ens i on ,  a v i able coun t m e thod a s  d es c r i bed i n  

Append i x  4 was used . Dup l i ca t e  p l a t e s  were made o f  s e r i al t e n f o ld 

d i lu t i ons o f  t he o r i gi na l  sus pens i on from a d i lu t i on o f  1 / 105  t o  o n e  

o f  1 / 1 01 0 • A 1 i n  5 x 1 0 6  ( one i n  f i ve m i l l i o n )  d i lu t i on was a l s o  

used . Each p l a t e  was inoculated wi t h  0 . 1ml o f  suspens i on s p read w i t h  

a glas s s p reade r .  Thes e  were t hen i ncuba ted  i n  a n  a t mo s phe re o f  10% 

C02 a t  3 7 °C f o r  four days be fore t he c o lo n i e s  wer e  coun t ed .  A s i m i l a r  

coun t was car r i ed ou t on  t he a c t ua l  challenge sus pens i on . 
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Swabs f r om the b o t t les  o f  challenge suspens i on were  taken f o r  

cul ture i n  aero b i c  and mi c roaeroph i l i c  cond i t i ons as a t e s t f o r  

con t ami nan t o rgan i s ms . 

Expe r i mental  I n fe c t i o n  

Us i ng a s t e r i l e  s y r i nge and 2 0  gauge 25mm need l e , a 5ml dose  o f  

t h e  chal lenge suspens i on , con t a i n i ng approxima tely  1 . 2  x 1 0 8  

B ru cella ov i s  o rgan i sms , was i nj e c t ed i n t o  the j ugula r  ve i n  o f  each 

r am . 

De t e c t i on o f  Infec t i on 

Semen s amples ( s e e  Append i x  5 )  and blood s amples were col l e c t ed 

a t  one , two , four , f i v e ,  s even , e i gh t , n ine , t en , 2 8  and 3 1  weeks 

a f t e r  inoculat i on and o c cas i onally therea f t e r  f o r  over a year . O n  

e a c h  occa s i o n  the  f o ll ow i ng d i agnos t i c  procedures w e r e  car r i ed ou t :  

1 )  Palpa t i on o f  the  ex t e rnal geni t al i a .  

2 )  Exam i na t i on o f  a M od i f i ed Z i eh l-Ne e l s en s t a i ne d  s mear 

of s emen for the p r e sence of i n f lamma t o ry c e l l s  and 

bac t e r i a .  ( Se e  Appen d i x  1 )  

3 )  Cul t u r e  o f  s emen on two blood agar p l a t e s  i ncub a t e d  a t  

3 7 ° C  i n  an a tmosph e r e  o f  10% C02 f o r  four days t o  

d e t e c t  the p r e s ence o f  Brucella ovi s .  

4 )  Complemen t f ix a t i on t es t  ( CFT ) , gel d i f fus i on t e s t (GD )  

and enzyme l i nked i mmuno s or ben t assay ( ELISA ) t o  d e t e c t  

any a n t i bo dy t o  Brucella  ovi s .  The complemen t f ixa t ion 

t es t  resul t s  were  a l l o ca t ed " s cores"  as des c r i bed p r ev i ou s ly 

( Ch a p t e r  3 ) . 
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Nec ropsy 

Two years af t e r  these f i ve rams had b een chall enged t hey were 

k i l led and subj e c t ed t o  a comp l e t e  pos t -mor t em examina t i o n ;  

par t i cular a t t en t i on being paid  t o  t h e  gen i tal o rgans . 

NOTES 

1 )  " Panacur"  Coopers An i ma l  Hea l t h  N . Z .  L t d . Ac t i ve 

c ons t i tuen t 2 5g/ l i t re Fenbendazo l e . 



RE SULT S  

I n i t ial Di sease S t a t us o f  t h e  Rams 

Semen samp les collec t ed f rom the rams p r i o r  to the  expe r i men t 

s howed no s i gn o f  Brucella ovis  i n f e c t i on a f t e r  m i c r o s c o p i c  

exami nat ion o f  the s emen and cul ture o n  blood  aga r .  All f i ve rams had 

a n ega t ive reac t i on to the comp lemen t f i xa t i on tes t a t  the s t a r t  o f  

the exp e r i men t .  

V i able  Coun t 

Pla t es made f rom the t enfold d i lu t i ons of t he o r i g i na l  

sus pens i on concen t ra t e  j us t  before challenge ( s ee Pla t e  5 . 1 ) gave t he 

f o l l ow i ng bac t e r i al coun t s  when exami ned a f t er four days i ncuba t i on :  

D i l u t i on 

1 1 105  

1 1 106 

1 1 107  

0 . 5 1 107 

1 1 1 0 8  

1 1 1 09 

1 / 1 0 1 0 

NB TNTC 

Aver age coun t f rom 

t wo p l a t e s  

TNTC 

TNTC 

1 2 1  

6 6 . 5  

1 3  

2 

0 

t o o  numer ous t o  coun t 

Es t i ma t ed bac t e r i a l  concen t ra t i on 

o f  o r ig i nal sus pens i on 

1 . 2 1 X 1 0 1 0 * 

1 . 3 1 X 101 0 * 

1 . 3  X 101 0 * 

2 . 0  X 101 0 

The es t i m a t e s  made f rom the  three  d i l u t ions  marked "*"  wer e  u s e d  

t o  calcula t e  an aver age t o  b e  u s e d  as the  f i nal e s t i m a t e  o f  t h e  

bac t e r i al concen t ra t i on o f  t h e  o r i g i nal s u s p ens i o n :  

( 1 . 2 1 + 1 . 3 1 + 1 . 3 ) 
- - - - - - - - - - - - - - - - - - - X 1 . 2 7 x 1 0 1 0 bac t e r i a/ml 

3 

l · U.  



Th e  ac tual number o f  o rgan isms given t o  each ani mal by t he 

i n t ravenous rou t e  a f t e r  the o r i ginal suspens i o n  had been d i lu t ed 1 i n  

100 and t hen 1 i n  5 was t he r e f o r e  es t i ma t ed t o  have been 1 . 2 7 x 1 0 8  

bac t er i a ,  s l i gh t ly h ighe r than the 1 . 2  x 1 0 8  b ac t e r i a  es t i ma t ed f ro m  

t he resu l t s  of  the  d a r k  f i eld  coun t .  

V i able coun t s  were als o p r epared f ro m  one o f  the bo t t les  o f  

suspens i on used f o r  the  cha l lenge , j us t  a f t e r  t h e  f i ve rams had been 

i nocula t ed .  The number o f  colon i es coun t ed on t he s e  p la t e s  i nd i ca te d  

t he bac t e r i al concen t ra t i on i n  t h i s  bo t t le  t o  have been 2 . 65 x 1 07 / m l . 

A s  each ram rece ived Sml  o f  t h e  suspen s i on , t h e  ac t ual dose rece i ved 

was t he r e f o r e  es t i ma t ed as 1 . 325 x 10 8 bac t er i a l  " c olony f o r m i ng 

uni t s " , s l i gh t ly h i gh e r  t han the o r igina l  es t i ma t e  o f  1 . 2 7 xl08 • As 

t he ac tual i nj ec t i o n  of t h e  i noculum t ook place a t  a t i me 

approx i ma t e ly hal fway be tween t he s e t t i ng u p  of these t wo v i a b l e  

coun t s , t he bes t e s t i m a t e  of  t he d o s e  rece i ved by e a c h  an i ma l  was 

d e emed to b e  an ave rage of the two coun t s , wh i ch was 1 . 3  x 1 0 8  

bac t e r i a  app roxima t ely . 
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P l a t e  5 . 1  

Blood agar p l a t e s  wh i ch have been i nocula ted u s i ng four 

s e r i al tenfold d i lu t i ons of  a suspen s i on of  Brucella ov i s  

bac t e r i a , s o  tha t a v i able coun t f o r  the e s t i ma t i on o f  the  

bac t e r i a l  concen t ra t i on of  the  o r ig i nal s uspens i on can be  

mad e .  Pho t og ra phed a f t e r  f o u r  days i ncuba t i on i n  a n  

a tmosphere  o f  1 0% C0 2 a t  3 7 ° C .  Only the t w o  p l a t e s  a t  t h e  

bo t t om o f  the  pho t ograph have b e e n  d i lu t ed s u f f i c i en t ly t o  

a l l ow a c oun t t o  b e  made . 
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Palpa t i on 

Pal pable abno rma l i t i es o f  the e p i d i dymis  f i rs t  became appare n t  

in two rams a t  s i x  weeks af t e r  challenge . These early les i ons were 

ho t ,  so f t  swe l l i ngs t y p i cal o f  an acu te  i n f lamma t i on . Two o t her  rams 

had palpable les i ons by seven weeks , and one ram never developed any 

palpable lesi ons . ( Table 5 . 1 ) . 

By 2 8  weeks , one ram wh i ch had previ ously had l e s i ons had no  

lesi ons d e t e c t ed when t he s c r o t al con t en t s  were manual ly examine d , and 

the les i ons in  the o t he r three rams were regres s ing . By 31  weeks none 

o f  the rams had eas i ly palpable les i ons . 

I n  all  the rams wh i ch developed e p i d i dymi t i s , l e s i ons were  

pal pa t ed i n  both  t he r i gh t  and the l e f t e p i d i dy m i s  at  s ome s t age 

dur i ng the course o f  the d i seas e .  The t a i l  of t he organ was the mos t 

f requen t ly a f f e c t ed p ar t ,  and t he pos i t i on and ex t e n t  o f  the  les i on s  

was h i ghly var i able  w i t h  t i me . ( Table 5 .  2 ) . 
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Ram number 

1 

2 

3 

4 

5 

Tab l e  5 . 1  

The Presence o f  Les i ons Palpa ted i n  the Ep i d i dymi s 

o f  F i ve Rams Ino cula t ed I n t ravenously U s i ng 

Approxima t ely 1 . 3  x 10 8 Brucella ovi s  Organ i sms 

Weeks Pos t - i nocula t i on 

1 2 4 5 6 7 8 9 10  2 8  3 1  

+ + + + + + 

+ + + + + 

+ + + + + 

+ + + + + 

1 4 8 .  
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Table 5 . 2  

S i t e  of  the Les i ons o f  the E p i d i dym i s  

Palpa t ed i n  Rams Inocula ted I n t ravenously us i ng 

Approximately 1 . 3  x 10 8 B rucella ovi s  Organ i sms 

�eeks Pos t - i no cula t i on 

6 7 8 9 10  28 3 1  
Ram S i de S i te 

2 Le f t  Head 

Body 

Tai l + + + 

R i gh t  Head 

B ody 

Ta i l  + + + + + 

3 Le f t  H ead 

B ody 

T a i l  + + + + 

R i g h t  Head + + 

Body 

Tai l  + + + + + 

4 Le f t  Head 

Body + 

T a i l  + + + + + 

R i gh t Head 

Body 

Tai l  + + + 

5 Le f t  Head 

Body 

Tai l + + + + + 

R i gh t Head 

Body 

Tail  + + + + + 



S emen Smears 

Ac id- fas t o rgani sms were f i rs t  s een in a M od i f i ed Z i ehl-Neelsen  

s t ained smear of  the  s emen f rom one  ram  f i ve weeks a f t e r  cha l lenge . 

By s i x  weeks f ou r  rams had pos i t ive s emen s mear s . Smears made f rom 

the semen of these four rams con t a i ned a c i d - f a s t  o rgani sms on every 

subsequen t occas i on excep t at  seven weeks when none were found i n  the 

smear made from the semen o f  one o f  the four rams sam p l ed , even though 

the sample con t a i n e d  large numbers of neu t rophi l s . 

When a c i d - f a s t o rgan i sms were p r esen t in  the smear , t hey were  

mos t  commonly seen  ins i d e  phagocy t i c  cells  ( P l a t e  5 . 2 ) .  The  p r esence 

of  the  bac t e r i a  was always ass o c i a t ed wi t h  the p r e s ence  o f  

i n f lamma tory c e l l s . I n  the early s t ages o f  the  d i sease t h e i r  numb e r s  

w e r e  par t i cularly h igh and polymor phonuclear  c e l l s  predomi n a t ed . From  

n i ne weeks onward ,  mononuc lear cells , mai nly lympho cy t e s  b u t  also  

mac rophages , b e came more  p revalen t . Bac t er i a  were s ome t i me s  s e en in  

small  aggrega t i ons ou t s i d e  inflamma t ory cells  ( Plate  5 . 3 ) ,  s ugge s t ing 

t h a t  rup ture of  t he hos t cell may have o c cu r r ed , p o s s i bly  dur i ng the  

smearing and s ta i n i ng proces s . 

Cul ture o f  Brucel la ovis f r om S emen 

Bruc e l l a  ovi s  was f i rs t  cul tured f r om the s emen o f  t wo r am s  f iv e  

weeks a f ter  chall e nge . At  s ix weeks f ou r  o f  the  r am s  h a d  

B r u ce l la o v i s  cul t ured f r om the i r  s emen . Brucella avi s  was recovered 

from every subsequent  s emen sampl e  collec t ed from these four  r am s . 

Ram 1 never  h ad l e s i ons o f  e p i d i dym i t i s  d e tec t ed o n  p hy s i ca l  

examina t i on ,  n o  a c i d - f as t o rgan i sms were ever s een i n  i t s s emen , and 

Brucella avi s  was  n ever cul tured f rom t h e  ej acu l at e .  

Brucella ov i s  was i s olated f r om 30 s e men s ample s  c o l l ec t ed u p  t o  

3 1  weeks pos t - i noculat i on , o f  wh i ch 2 8  ( 9 3 % ) had ac i d - fas t o rgan i sms 

d e t e c ted in  a smea r . ( Table 5 . 3 ) 
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Table 5 . 3  

The De t e c t i on o f  Ac i d-Fas t Bac t e r i a  i n  Smear s  o f  Semen 

S t a i ned by t h e  M od i f i ed Z i ehl-Neelsen T echnigue , and the 

Cul ture of Brucella ovis from Semen i n  Rams I n o cul a t ed 

I n t ravenous ly u s i ng Approximat ely 1 . 3  x 1 0 8 Brucella ovis Bac t e r i a  

Ueeks Pos t - inocula t i on 

0 1 2 4 5 6 7 8 9 1 0  28 3 1  

Ram 

1 Smear 

Cul t ure 

2 Smear + + + + + + 

Cul ture + + + + + + + 

3 Smear + + + + + + + + 

Cul ture  + + + + + + + + 

4 Smear + + + + + + + 

Cul ture + + + + + + + + 

5 Smea r  + + + + + + + 

Cul ture  + + + + + + + 

T o tal Rams 

H av i ng 

P o s i t i ve : 

a )  Smears 0 0 0 0 1 4 3 4 4 4 4 4 

b )  Cul tures  0 0 0 0 2 4 4 4 4 4 4 4 



Pla t e  5 . 2  

Bruce l la ov i s  bac t e r i a  ( 1 )  i ns i d e neu t ro ph i l s  ( 2 )  i n  a 

s mear o f  s emen s t ai ned by the Mod i f ied Z i ehl-Ne e l s en 

me thod . 

P l a t e  5 . 3  

An accumul a t i o n  o f  Brucella ov i s  bac t e r i a  ( 1 )  ou t s i d e  a 

neu t ro ph i l  ( 2 )  i n  a s emen s mear s t a i ned by the  Mod i f i e d  

Z i eh l-Ne e l s en me t ho d . 
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Complemen t Fixa t i on Tes t 

Two rams had a pos i t ive reac t i on t o  the c ompl emen t f i x a t i on t e s t 

only one week a f t e r  challenge . At  two weeks , all f i v e  rams had 

pos i t i v e  t i t res , i n c lud i ng Ram 1 wh i ch neve r shed Brucella o v i s  i n  i t s 

semen . However , by s i x weeks this  ram had l o s t  i t s reac t i on t o  the  

tes t and neve r rega i ned i t s pos i t i ve t i t r e . The o ther  four rams had 

pos i t i ve t i t res to t he comp l emen t fixa t i on tes t on every o c cas i on they 

were t e s t ed f rom two weeks on ( Table 5 . 4 ) . From six weeks onward , a l l  

t h e  s erum samples  o f  rams excre t i ng Brucella o v i s  i n  t he i r  s emen were  

pos i t ive  t o  the  complemen t f i xat ion t es t . 

Enzyme-Linked Immuno s o r bent Assay 

One ram had a pos i t i ve reac t i on t o  the ELI SA t e s t only one week 

a f t e r  challenge . All  four rams wh i ch became i n f e c t ed had pos i t i v e  

reac t i ons by two weeks , at  wh i ch t i me Ram 1 ,  whi ch nev e r  excre t ed 

Brucella ov i s ,  had a " sus p i c i ous " t i t re . B y  four weeks Ram 1 had 

reve r t ed t o  a nega t i ve t i t r e  wh i le the o thers r emained p o s i t i ve , and 

t h i s  was the resul t  at a l l  subs equen t t e s t s  ( Table 5 . 5 ) . F r om s i x  

weeks onward , a l l  t h e  s e rum s amples o f  rams excr e t ing Bruce l la o v i s  i n  

the i r  s emen were p o s i t i ve t o  the  ELI SA t es t .  

Gel  D i f fu s i on Tes t 

The f i rs t  " su s p i c i ous " reac t i on t o  the g e l  d i f fu s i on t e s t was 

s een in one ram two weeks a f t e r  chal lenge . By s ix weeks one ram had a 

pos i t iv e  reac t i on t o  the t es t ,  bu t i t  was t e n  weeks b e f o r e  a l l  f o u r  

rams t ha t excre t e d  Brucella o v i s  i n  t he i r  s emen had p os i t i ve reac t i on s  

( Table 5 . 6 ) .  The g e l  d i f fu s i on t es t  was less  cons i s t en t  t han t h e  

o thers  i n  de t e c t i ng an t i body i n  rams exc r e t ing B ru c e l l a  o v i s ; 

d e t ec t i ng only 7 8 . 5% o f  these f rom s i x weeks a f t e r  i no cula t i on . 
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O f  a t o t al o f  30  s emen s amples from wh i ch B r u c e l l a  o v i s  was 

cul tured , all 30  ( 1 00% ) came from rams wh i ch had a p os i t i ve reac t i on 

t o  bo th  the complemen t f i xa t i on tes t and the ELI SA t es t , 2 8  ( 9 3 % )  had 

a c i d - fas t o rgan i sms d e t e c t ed in  a Mod i f i ed Z i ehl-N e e l s en s t a i ned 

smea r , 2 2  ( 7 3 % )  came f rom rams wh i ch had a pos i t i ve reac t i on t o  the 

g e l  d i f fus i on t es t ,  and 2 1  ( 70%)  came from rams w i t h  palpable 

abnormal i t i es o f  the  e p i d i dymi s .  
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Table 5 . 4  

Complemen t F i xa t i on T i tre  Scores of  Rams I nocula t e d  I n t ravenously 

U s i ng Appr o x i ma t ely l . J  X 1 08 Brucella ovi s O rgan i sms 

Ram Number 

1 2 3 4 5 

Weeks Pos t - i no cula t i on 

1 0 0 16  8 1 

2 12  21  2 1  16  17  

4 9 18  17  12  20  

6 0 1 6  2 0  1 2  1 6  

7 0 1 6  20 1 4  20  

8 2 1 6  20 20 2 4  

9 0 1 7  24 24  2 4  

1 0  0 20 24 20  2 4  

2 8  0 1 2  20 20 24 

3 1  0 1 6  24  2 3  2 2  

5 6  0 9 17  13  18  

KEY C omplemen t F i xa t i on T i t re Score 0 4 = nega t i v e  

5 7 = s us p i c i ous 

8 - 24  = pos i t iv e  
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Table 5 . 5  

ELISA T i t res  o f  Rams Inocul a t e d  I n t ravenously 

U s i ng Approx i ma t ely 1 . 3  x 108 Brucel l a  ovis Organ i sms 

Ueeks Pos t -inocula t i on 

1 

2 

4 

6 

7 

8 

9 

10 

28  

3 1  

56  

KEY : 

1 

15  

8 2  

27  

1 8  

3 0  

18  

13  

28  

11  

25  

12  

0 - 6 9  

70 - 8 9  

� 90  

Ram Number 

2 

69  

205 

234 

1 1 2  

120 

120 

109 

207 

1 6 8  

2 1 6  

2 9 9  

nega t i ve 

sus p i c ious  

pos i t ive 

3 

1 5 1  

1 8 0  

1 5 7  

1 6 8  

207  

2 1 8  

1 9 8  

1 8 2  

5 5 3  

947  

1 057  

4 5 

60  6 1  

328 103 

278 203 

145 1 6 4  

226 1 3 1  

351 174 

380 100 

293 255 

903 467  

1056 724  

7 99 854  
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Table 5 . 6  

Gel D i f fu s i on Tes t Res u l t s  o f  Rams Inocu l a t ed I n t ravenously 

Us i ng App rox i ma t ely 1 . 3  x 1 08 Brucella ovi s O rgan i sms 

1 

weeks Pos t - i nocula t i on 

1 

2 

4 

6 

7 
8 

9 

1 0  

28 

3 1  

KEY : 

Ram Number 

2 

sus 

+ 

+ 

+ 

+ 

+ 

+ 

sus 

+ 

3 4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

nega t i v e  

s us p i c i ous 

pos i t i ve 

sus  

+ 

+ 

+ 

+ 

+ 

5 

sus 

+ 

sus 

+ 

+ 

+ 
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Necro psy 

In only two o f  the f i ve rams necrops ied two years a f t e r  

challenge were gross abnormal i t ie s  o f  t he geni tal o rgans seen . I n  

Ram 3 t he t a i l  o f  t he e p i d i dym i s  o n  t h e  r i ght  s i d e  had a 2 cm long 

f i b r o t i c  area on i t s caudal surfac e , wh ich  when i n c i s ed was found t o  

sur round a l cm d i ame ter  absces s - l i ke s t ruc ture con t ai n i ng dark y e l low 

semi s o l i d  necro t i c  ma t e r ial . There were also adhe s i ons present  

be tween t he tai l o f  the  epid i dymi s and  the  par i e tal tun i ca vagi nal i s .  

I n  Ram 5 a very small abs cess-l ike s t ru c t ure 2mm i n  d i ame t e r  

con t a ining yellow necro t i c  ma t e r i a l  was found i n  a small a r e a  o f  

f i b ros i s  in  the  t a i l  o f  the  r igh t e p i d i dymi s . 

When these les i ons were exami ned m i c ros cop i cally t hey were f ound 

t o  be chroni c s perm granulomas sur rounded by a t h i ck f i brous  capsule 

( P la t e  5 . 4 ) . There was p e r i vas cul a r  cu f f i ng of the  blood vessels in  

t he area by numerous lymphocy tes  ( Pl a t e  5 . 5 ) . 

Table 5 . 7  s ummari s e s  the  chronological s equence o f  eve n t s  t ha t  

occu r r ed f o l l owing chal lenge . 
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Plate  5 . 4  

N e c r o t i c  ma t e r ial  ( 1 ) , giant  cells ( 2 ) , mononu c lear cells 

( 3 )  and f i bros i s  ( 4 )  at  t he edge of a chron i c  s perm 

granuloma f ound in the t a i l  of the r ight e p i d i dymis  in a 

ram i nocula ted  i n t r avenou s ly us ing approxi ma t e ly 1 . 3  x 108 

Brucel la av i s  bac t e r i a  t wo years before necrops y .  

Pla t e  5 . 5  

Lymphocy t e s  ( 1 )  densely  packed around blood vessels  ( 2 )  i n  

an a r e a  o f  chron i c  f i br os i s  ( 3 )  s een surround i ng a chron i c  

s pe rm granuloma i n  t h e  t a i l  o f  t h e  r i gh t  e p i d i dy m i s  o f  a 

ram  inoculated i n t r avenously u s i ng appro x i ma t ely  1 . 3  x 108  

B rucella ovis  bac t e r i a  t wo years before necropsy . 
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Weeks 

Af ter  

Challenge 

1 

2 

4 

5 

6 

7 

1 0  

2 8  

31  

Table 5 . 7  

Chrono logical Sequence o f  Even ts  Following 

The I n t ravenous Inocula t i on o f  Five Rams 

Us ing Approximately 1 . 3  x 108 Brucella ovis  Organ isms 

CFT 

f i r s t  

pos i t ive 

f i ve 

pos i t ive 

Ram 1 

los t t i t re 

Diagnos t i c  Procedure 

ELI SA 

f i rs t  

pos i t ive 

f our 

pos i t ive , 

Ram 1 

"sus " 

Ram 1 

los t t i t re 

GO Palpa t i on 

f i rs t  

" sus " 

f i r s t  f i rs t  

MZN 

Smear 

f i rs t  

Cul ture 

o f  semen 

f i r s t  

pos i t ive pos i t i ve 

four four 

pos i t i ve pos i t ive pos i t ive pos i t i ve 

four 

pos i t ive 

four 

pos i t ive 

One had los t 

detec table 

l es i ons 

All four had 

los t detectable 

l es i ons 
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DI SCUSSION 

Viable Coun t 

The vi able coun t  plates prepared a f t e r  the f ive rams had been 

inocula ted wi th the Brucella ov is  suspens i on gave a sligh t ly higher 

es t ima t e  of the bac terial concen tra t i on in  the inoculum than did those 

made before challenge . Thi s  d i f ference may be par t i ally explained by 

the fac t that during t he few hours be tween the coun t s , the suspens i on 

was a t  room tempera ture , and as the bac teria  were in  a s tage o f  act i ve 

growth when harves ted f rom the TSA slopes , the bac terial numbers may 

have con t i nued to  increase during this  peri od . O t her pos s i ble sources 

of error in  the coun t ing procedure were : d i lu t i on errors , errors i n  

the measuremen t o f  the O . lml o f  sus pens i on used t o  inocula te the 

v i able coun t plates , errors made in  t he phys i cal coun t ing of the 

colonies , and non-un i f o rmi ty of the suspens i on used to  make the 

d i lu t i ons and the v iable coun t s ,  i . e .  mixing erro r .  

De t ec t i on o f  Infec t ion 

The complement  f ixa t i on tes t  and the ELISA were t he me thods 

wh i ch gave the earl i e s t  indica t i on o f  a reac t i on t o  challenge . All 

the rams wh i ch subsequen t ly excre ted Brucel la avi s  in the i r  semen had 

pos i t i ve reac t i ons to b o t h  these tes t s  at only two weeks a f t e r  

chal lenge . 

The examina t i on o f  semen smears s ta i ned by the Mod i f i ed 

Z i ehl-Neelsen t echnique , and the cul ture o f  semen samples were 

e f fe c t ive in  d e t e c t ing all the infec t ed rams at  s i x  weeks a f t e r  

challenge . Even t hough t he blood agar u s e d  for  the cul ture o f  the 

semen samples was no t a selec t ive Brucella avi s med i um ,  overgrowt h  o f  

the plates wi th con tam i nan t organi sms was a very minor problem a s  long 

as a good clean t echnique for the colle c t ion and handl i ng o f  the 

samples was adhered t o . 
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I t  was seven weeks be fore all four rams that eventually became 

infec t ed had palpable les ions of the e p i d i dymis ,  and after  31 weeks 

this  was no longer a rel iable me thod for the de t ec t i on of infec t i on .  

The variab i l i ty o f  the lesions and the i r  gradual regression w i t h  t i me 

sugges ted that the maj o r i ty o f  the obvi ous and extens ive swelling that 

was detec ted by palpa t i on in these rams was due to an acu te 

in f lamma tory reac t i on ra ther than to the developmen t o f  a chron ic  and 

pers i s tent sperm granuloma . Th i s  was suppo r t ed by the resul t s  of t he 

pos t -mo r t em examinat i ons , whi ch revealed small 

granul omas in only two of the rams . 

Trans i en t  Infec t i on 

chronic s perm 

The trans i en t  sero logi cal response wh i ch occured in Ram 1 i n  t he 

absence o f  the developmen t o f  epididymi t i s  or the excre t i on o f  

Brucella ov is  req u i res some explana t i on .  This phenomenon o f  

serologi cally pos i t ive rams reverting to  nega t ive s ta tus was no ted by 

Burgess ,  McDonald and Norri s  ( 1982 ) i n  f locks of na turally in fec ted 

rams i n  Aus t ral i a . Thes e  workers assumed that  the rams had been 

in fe ct ed and had subsequen t ly recovered . However , as no 

bac t e riologi cal examina t ions were carried o u t , it is poss i ble that  

t hese rams never had  an  es tab l i shed infec t i on , and were only pos i t ive 

se rologi cally . This  may have been an an t ibody response to  a b r i e f  

exposure or  tran s i en t  bac teraemia whi ch d i d  no t resul t i n  t he 

e s tab l i s hmen t o f  i n fe c t i on .  Thi s  was probably also the case in  Ram 1 

i n  t h is  t r i a l .  

A n  es tabli shed Brucella o v i s  infec t i on f rom which the ani mal 

subsequen t ly recovered would have been expe c t ed to produce a much more 

pers i s t en t  immunological reac t i on than a s i ngle sus p i c i ous reac t i on to 

t he ELI SA tes t and a reac t i on to  the complemen t fixa t i on tes t of less 

t han one mon th ' s  durat i o n ,  as was d i splayed by Ram 1 in  this t r i al . 

The reasons for t h i s  phenomenon can only be speculated upon here . 

Perhaps the int ravenous inoculat ion s t imula t ed a br i e f  response f rom 

the body defence mechani sms wh ich comple t ely overwhelmed t he 

i n fec t i on ,  no t allowing i t  t o  es tab l i s h  i n  o rgans , o r  more 

impor t an tly , lymph nodes . Maybe the bac teria  became " t rapped"  i n  

1 6 2.  



lymph nodes remo te from the urogeni tal sys t em and were ul t imately 

removed wi thou t cau s i ng i n fec t i o n .  Al terna t ively , perhaps the ram may 

have been immuno logi cally de fi cient in some way so that the 

serologi cal response  did not  pers i s t .  The an ti body produced by 

B-lymphocy tes was measured by the serologi cal t es t s , bu t no 

informat ion about the T-lymphocy te dependent cell-mediated immune 

res ponse was recorded . Inves t iga t i on of this  unusual immunologi cal 

phenomenon was un fortunately beyond the scope of this  s tudy . 

As the me thod o f  challenge used in  this  p i l o t  t r i al succes s fully 

caused infect ion in  all bu t one o f  the rams , i t  was decided to  use a 

s i m i lar techni que on rams vac c ina ted agains t Brucella ovis  in various 

ways in o rder to  inves t iga te any d i fferences in  the i r  res i s tance to 

subsequen t challenge by this organism .  
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CONCLUSION 

1 )  An intravenous inocula t i on o f  approximately 1 . 3  X 108 

Brucella ovis  organi sms success fully caused infec t i on in four out o f  

f i ve rams . 

2 )  The earlies t ind i ca t i on of infec t ion was the serolog i cal 

reac t i on detec ted by the complement f i xa t i on and ELI SA tes t s ,  be tween 

one and two weeks a f t e r  challenge . 

3 )  Excre t ion o f  Brucella ovis  in  the semen began f ive to  s i x  

weeks a f t e r  challenge and was cons is ten t  from that t i me on . 

4 )  E p i d i dymi t i s  was f i rs t detec table a t  s i x  to seven weeks a f t e r  

challenge , bu t became almos t impossi ble to  de t e c t  in any o f  the rams 

a f ter 31 weeks . 
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INTRODUCTION 

CHAPTER 6 

THE RESPONSE OF VACCINATED RAMS TO AN 

EXPERIMENTAL CHALLENGE USING BRUCELLA OVIS 

The d i f ferences i n  the an t i body response whi ch resul ted f rom 

d i f f erent Brucella ovis  vaccina t i on regimes ( Chap ter  3 )  sugges ted that 

those regimes migh t also induce d i f feren t levels of res i s tance to 

B rucella ovis infec t i on . In  t h i s  respec t ,  the advan tage of two s paced 

doses of  vacc ine over a s i ngle dose , when the subcu taneous rou t e  o f  

adminis t ra t i on was used , was demons trated by Buddle i n  1 9 6 2  and Buddle 

e t . al .  i n  1963 . I n  these exper imen ts i t  was shown that amongs t those 

rams whi ch had received a s i ngle dose o f  Brucella ovis  vaccine , two to 

four t imes as many became i nfec ted after chal lenge as amongs t those 

whi ch had received two spaced doses . There was , howeve r , no 

i n f o rma t i on about the e f f i cacy of t he vaccine when i t  was adminis tered 

by the i n t raper i t oneal rou t e .  The d i fferences in  an t i body response 

b e t ween animals whi ch had received the vaccine by e i ther the 

i n traper i t oneal or the subcu taneous technique ( Chap ter  3) sugges ted 

that  an associated d i f feren ce i n  effec t i veness  migh t also  exi s t ,  bu t a 

challenge t rial was needed t o  t es t  this  hypo t hes i s . 

I t  was shown i n  the p i l o t  t r i al ( Chap t e r  5 )  that  an i n travenous 

i nj ect ion o f  approxima t ely 1 x 108 Brucella ov i s  o rgan i sms could be 

expected t o  cause infec t i on in  approxima t ely four out of f ive 

unvaccina t ed animals . I t  had t o  be assumed that  vaccina t i on would 

evoke an e f fe c t ive p r o t ec t i on agains t i n fec t i on ,  and therefore that a 

challenge dose o f  h i gh magn i tude would be requi red in  order t o  

demons t ra t e  any sma l l  d i f ferences i n  the e f f i c i en cy of  d i f feren t 

vaccina t ion regimes . Because i t  would be imprac t i cal t o  use very 

large numbers o f  an imals , the challenge dose would also need to b e  

accurately p i t ched t o  show such small d i fferences i n  protec t i on .  I t  

was also necessary t o  use a challenge dose whi ch would cause infect ion 

i n  a high p roport ion of  the unvaccinated cont ro l  ani mals to  allow 
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valid s ta t i s t i cal compari sons to  be made . 

I t  was decided to use a challenge dose s i mi lar t o  that used i n  

t h e  p i lot  t rial ( Chap ter 5 ) , i . e .  approxima tely 1 x 1 08 Brucella ovis  

o rgan i sms . The trial was s e t  up  to  tes t the  res is tance o f  rams whi ch 

had been vacc inat ed us ing e i ther one or two doses o f  Brucella ov i s  

vaccine , admini s t ered by e i ther the subcu taneous o r  the 

i n t raperi toneal techni que . 
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MATERIALS AND METHODS 

The sheep used in this  experimen t were 50 two-year-old Romney 

and Romney-cross rams . They all  came from farms accred i t ed as being 

f ree from Brucella ovis  infec t i on . Prior  t o  the exper i men t ,  they all  

had nega t i ve reac t i ons to  the Brucella ov i s  complemen t f i xa t ion  tes t ,  

a l l  had palpably normal external geni tal i a ,  and all were free o f  any 

gen i tal bac t er i al infec t i on as determi ned by the cul ture and 

m i c roscopi c  examina t i on of semen samples . 

Alloca t i on t o  Experimental Groups 

The rams were ranked in order of  we igh t and d i v ided i n t o ten 

groups , the f ive heav i es t i n  one group , the nex t f ive heav i es t in  

ano ther and so  on . The f i ve rams in  each of  these ten  groups were 

randomly alloca ted to  one of f i ve t rea tments , so that there were t en 

rams i n  each t reatment group and each group had a comparable 

d i s t r i b u t i on o f  l igh t and heavy animal s . A coloured wire  i nd i ca t i ng 

the t reatmen t group was a t t ached to  the brass ear tag o f  each ram . 

Plas t i c  ear tags ( Al l flex ) numbered 1 to  50 were used t o  i den t i fy 

i n d i vi dual ani ma ls . 

Management  

For  ease  of  management ,  the rams were kep t in  one  mob throughout 

the experimen t .  They were grazed on an area subd ivided i n t o  several 

paddocks and were regularly rotated around these paddocks . No 

supplemen tary feeding was undertaken . They were drenched each t ime 

they were mus t ered for exper i mental procedures ( a t  leas t once a mon t h )  

u s i ng 2 25mg o f  t h e  anthelmin t i c  Fenbendazole 1 • 
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The rams were shorn before challenge to make both  the  

i nocu la t i on o f  challenge suspension and the subsequen t collec t i on of  

semen samples eas ier and cleaner procedures . 

Vaccine 

A commercially produced , inact iva ted , Brucella ovis  

sal ine- in-oil emulsion vaccine2 was used . It  was from a single bat ch 

( series  2 9 35 ) and was used wel l  before the exp i ry da te . The dose on 

each occas ion was 2 ml . 

Trea tmen ts  

The following t reatmen ts  were allocated to  the  f ive exper i mental 

groups : 

1 )  s ingle subcu taneous vac cina t ion 

2 )  s ingle int raper i t oneal vacc ina t i on 

3 )  two subcutaneous vaccinat i ons , eigh t  weeks apar t 

4 )  two int raperi toneal vaccina t ions , eigh t  weeks apar t 

5 )  no vacci na t i on 

( 1  s i c )  

( 1  i / p )  

( 2  s i c )  

( 2  i / p )  

( con t rol ) 

The subcutaneous inj e c t i ons were admin i s t e red i n  t he an terior  

hal f  o f  the neck , us ing a new s t erile  syringe and 1 8  gauge 9mm needle  

fo r  each animal . The vacci ne was admin i s tered on the r ight side  of  

t h e  neck for the f i r s t  dose , and on the  l e f t  for the  s econd dose . 

The i n t rape r i toneal vaccine was inj ec t ed a t  a point  m idway 

between the s t i fle  j o int  and the ver tebral ar t i cu la t i on o f  the las t 

r i b , i n  the  paralumbar fossa on the  righ t  s ide . A new , 1 7  gauge 19mm 

needle and s t erile  syri nge was used for each animal . 

All  t he rams were challenged ten weeks a f t e r  t he i r  vaccination  

programme had been comple ted ( Table 6 . 1 ) . 
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Product ion o f  Challenge Suspens ion 

A Brucella ovi s  isolate cul tured from the semen o f  one of  the 

rams in the p i l o t  t rial ( Chap ter 5 )  was used in  the produc t i on of the 

challenge suspens ion . A single four-day-old Brucella ovis colony from 

the semen culture was subcultured onto two blood agar plates . One was 

incubated aerobi cally and the o ther in an atmosphere of 10% C0 2 • A 

swab of  the grow th that  resul t ed from the mi croaeroph i l i c  cul t ure was 

used to inocula te hear t infus i on bro th , and this was i mmed i a tely used 

t o  inocula te 20 T SA + serum slopes in the manner des c r i bed in  the 

p i lo �  t rial (Chap ter  5 ) . 

After  three days incubat i on at 37 ° C  in  10% C02 , the s lopes were 

harves t ed wi th s t erile pep tone saline as prev i ously descri bed 

( Chap ter  5 )  and a dark f i eld coun t carr ied out on the suspens i on .  

Thi s  t echnique es t imated the bac terial concen t ra t i on t o  be 

1 . 8  x 101 0 bac teria/ ml . The sus pens ion was d i lu t ed to 3 . 6  x 107 

bac teria/ml using pep t one saline , so  that each 5ml dose was es t i ma ted 

to con tain approx i ma tely 1 . 8  x 108 Brucella ovi s  organisms , and i t  was 

then d i spensed into  s terile b o t tles ready for use .  

Dupl i cate  viable count pla tes  were inoculat ed u s i ng serial 

t enfold d i lu t ions , f rom 1/101 0 to  1/105 , of  t he o riginal sus pens i on 

concent ra t e ;  and also o f  ser i al tenfold d i lu t ions from 1 / 10 6  to  1 / 102  

o f  the resul tan t  d i lu ted challenge i noculum . 

Inoculat i on Of  Challenge Suspens ion 

Us ing s te r i le syringes and 20 gauge 25mm needles , 5ml o f  the 

challenge suspens i on was inj ected into  the j ugular vein of each ram 

ten weeks af ter t he las t vaccina t i on had been admin i s tered . 
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Serology 

In order to  d e t e c t  changes in an t i body t i t re af ter  b o t h  

vaccina t i on and challenge , blood samples were collected from all the 

rams , according to the schedule set  down in Table 6 . 1 .  Blood was 

collected by j ugular venepunc ture and the serum was processed and 

s tored in the manner descri bed previously ( Chap ter 3 ) . The 

s erologi cal tes ts  carr i ed out on the serum samples at  Vallacevi l le 

Animal Research Cen t re were the Brucella ovis complemen t fixa t i on t e s t 

( CFT ) , gel d i f fus i on tes t (GD) and enzyme linked immunosorben t assay 

( ELISA) . The complemen t f i xa t i on t e s t  resul t s  were alloca ted a 

" s core" as described previously ( Chap ter 3 ) . 

Bac teriology 

Semen samples were collec t ed from all the rams accord ing to  the 

s chedule in Table 6 . 1 .  Tes t ing was d i s con t inued 13  weeks a f t e r  

challenge , a s  i t  was cons idered possi ble that new cases of  infec t ion 

a f ter t h i s  period might have resul ted f rom the natural t ransmi s s i on o f  

t he organism be tween rams . 

Semen was o b t a i ned by elec t roej aculat i on ( Appendi x  5 ) . 

As soon as pos s i bl e  af ter  collec t ion , two blood agar plates  for  

each ram were inocu la t ed u sing semen from t he sample . These were  

incubated at  37 °C  i n  10% C02 for four days , and then examined for the 

p resence o f  Brucella ovi s colonies . 

In  cases where t here was doub t about the iden t i ty o f  the 

isola t e , a colony was subcul tured and the subsequent grow t h  o f  

organ isms subj ec t ed t o  m i croscopic examinat ion and biochemi cal tes t s  

(Appendi x  1 )  un t i l  the i den t i ty was es tab l ished . 
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Semen Smears 

A smear was made from a drop of each of the semen samples . 

These were allowed to dry ,  and then s t ained by the Mod i f i ed Ziehl 

Neelsen method ( S tamp et . al . , 1950 , see Append ix 1 ) . The smears were 

then examined at a magn i f i ca t i on of x 1 , 000 for the presence of  

inflamma t ory c ells  and bac teria . 

Palpa t ion 

Whenever semen samples we re co llec ted , the scro t al con tents of  

each ram were palpa ted and the  presence o f  any abnormal i ty was 

reco rded . 

Cri t e r i on For Judgi ng Infec t i on 

A ram was j udged to be " in fected "  when Brucella ovis  bacteria  

could be isolated from i t s semen . 

S t a t i s t i cal Me thods 

T o  evaluat e  the s igni f i cance of  d i f ferences between group mean 

serologi cal t i t res , 95% con f idence l imi ts  of t he means were calcul a t ed 

and compared . For qual i tat ive  dat a ,  the chi -squared t es t ,  u s i ng 

Yat e ' s  correc t i on fac tor , was used t o  determine t he s ign i f i cance o f  

any d i fferences be tween groups . B o t h  these me thods are descri bed in  

Appendi x  6 .  

NOTES 

1 )  " Panacur" Coopers Animal Health  N . Z .  

cons t i t uen t 25g/li t re Fenbendazole . 

2 )  "Ramovex in" - Coopers An imal Heal t h  N . Z .  

Brucella ovis saline-in-oi l  vaccine prepara t i on . 

L t d . Ac t ive 

L t d . Inac t iva ted 
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Week 

0 

2 

5 

8 

10 

14 

18 

22  

26 

31 

Table 6 . 1  

Schedule Of  Experimen tal Procedures In A Trial 

Exam ining The Response Of  Vaccina t ed Rams To 

I n t ravenous Challenge Us ing Brucella ovis Organ i sms 

Vaccina t e  Vaccinate Collec t Col l e c t  

1 s i c  and 2 s i c  and Blood Semen 

1 i l p  groups 2 i l p  groups 

+ + 

+ 

+ 

+ + + 

+ + 

+ 

DAY OF CHALLENGE + 

+ + 

+ + 

+ + 
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RESULT S 

V i able Coun t 

The f inal es t ima t e  o f  the live bac ter ial concen t rat ion o f  the 

sus pens ion used for int ravenous challenge was 3 . 26 x 107 Brucella ov i s  

bac teria  per m l  o f  suspens i on .  Since each ram recei ved 5ml o f  

sus pens ion , the ac tual challenge dose was therefore calculat ed t o  be 

approximately 1 . 6 3 x 10 8 Bruce lla ovis bacteri a .  (N . B .  in tended dose 

1 .  8 X 108 ) .  

Complemen t F i xa t i on Tes t 

Following vaccina t i on ,  t he mean complemen t fixa t i on t i t re s cores 

of t he various t reatmen t groups developed in  the same way as had been 

demons t rated previ ous ly ( Chap ter 3 ) . The rams vaccina t ed by the 

i n t raperi toneal me thod t ended to develop t i tres more s lowly than those 

vaccina ted by the subcu taneous technique , and a s ign i f icant d i fference 

in mean t i t re could be demons t rated be tween the 2 s/c group and the 

2 i / p  group two weeks a f ter  i n i t i al vaccina t i on .  By t he t ime that the 

rams were challenged , howeve r ,  there were no s i gni f i can t d i fferences 

b e tween the mean complement f ixat i on t i t re s cores of any of the 

vacci na ted groups , and t h i s  remained the case f o r  the res t o f  the 

expe r i ment ( Figure 6 . 1 ) . 

The unvaccinated rams i n  the cont rol group had all  developed a 

pos i t i ve reac t ion t o  the complemen t fixat ion t e s t  by four weeks af t e r  

challenge . These rams , l ike the vaccinated animals , remained pos i t ive  

t o  the complemen t fixa t i on t e s t for the res t of  the t rial . 
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Figure 6 . 1  

Mean complemen t fixa t i on t i t re s cores of rams challenged 

by the i n t ravenous inoculat i on of approximately 1 . 63 x 10 8 

Brucella o vis  o rgani sms , a f t e r  recei ving ei ther one o r  two 

doses of B rucella ovi s  vacci ne adminis tered by ei ther the 

subcu taneous or the i n t rape r i t oneal method . The reac t i on 

o f  a group o f  unvaccinated ( con t r o l )  rams to  challenge i s  

also shown . 
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Enzyme Linked Immunosorbent Assay 

After vaccina t i on ,  the 2 s i c  and 2 i l p  groups followed the 

pat tern o f  r i s i ng t i tres described previously ( Chapter  3 ) . The rams 

vaccina t ed by the int raperi toneal me thod exh i b i ted a slower rise  i n  

average t i tre than those vaccina t ed by the subcutaneous route ( Figure 
6 . 2 ) .  Following the admini s t rat i on of the second dose o f  vaccine , 

both  o f  these groups had a s ubs tan t ial rise i n  average t i t re .  

By the t ime the rams were challenged a t  1 8  weeks , all the 

vaccinated animals had a pos i t ive react ion to  the ELISA tes t .  At  this  

t ime , there were no  s igni f i cant d i f ferences i n  mean t i tre be tween the  

1 s i c , 1 ilp  and 2 ilp  groups ,  bu t 95%  confidence limits  showed that 

the mean t i tre of the 2 sic group was s ign i f i can t ly greater than tha t 

o f  any o f  the o t her three vaccinated groups . 

After challenge , there was a sudden r i s e  i n  the mean t i t re o f  

the 2 s i c ,  2 i l p  and 1 i l p  g roups , but the 1 s i c  group d i d  no t have as 

d rama t i c  an increase ( F igure 6 . 2 ) . This group had a mean t i tre  

s ign i f i can tly lower than that of  any o f  the  o t her three groups a t  four 

weeks a f t er challenge , but this d i f ference had d i sappeared by the next 

t es t , four weeks later . 

All the unvaccina t ed r ams i n  the cont ro l  group had a pos i t ive 

reac t ion to the ELISA tes t by four weeks af ter challenge , but although 

t hese  rams remained pos i t iv e  for the res t of the experiment ,  the mean 

t i tre  o f  this  group never r eached the magni tude of that of any of the 

four vaccinated groups . 
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F igure 6 . 2  

Mean ELI SA t i t res o f  rams challenged by the i n t ravenous 

i nocula t i on of approximately 1 . 6 3 x 108 Brucella ov i s  

organ i s ms , a f ter  recei ving e i ther one o r  two doses o f  

B rucella ov i s  vac c i ne adm i n i s t ered by e i ther the 

subcu taneous or  the i n t raper i t oneal me thod . The reac t ion 

of a group of unvacc i na t ed ( con t r o l )  rams to  challenge i s  

also shown . 
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Gel D i f fu s i on Tes t 

For the purposes o f  thi s t rial , samples wi th a " susp i c i ou s "  

reac t i on to  the gel d i ffusion tes t were deemed to be pos i t ive . 

The serologi cal response o f  the rams to  vaccina t i on was s imi lar 

to tha t seen in the gel d i ffus ion t es t i n  the p revious s tudy 

( Chap ter 3 ) . 

A f t er challenge , all  the vaccinated rams had a pos i t ive reac t i on 

t o  the gel d i f fus i on tes t on each of the three occas i ons they were 

t es ted . All the unvaccinated rams in the con t rol group had a pos i t ive 

reac t i on to  the tes t by e ight weeks after challenge . ( Figure 6 . 3 ) . 
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Figure 6 . 3  

The percen t age o f  rams hav ing a pos i t ive reac t i on to the 

gel d i f fus i on tes t after  being vacc inated e i ther once o r  

twice using B rucella ovis vacc i ne adminis tered by ei ther  

the subcutaneous o r  the i n t raperi toneal me thod , and then 

challenged by the i n t ravenous inoculat i on of  approxima t ely 

1 . 63 x 10 8 B rucella ovi s  organ isms . The reac t i on of a 

group o f  unvaccina ted ( control ) rams to  challenge i s  also 

s hown . 
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Bac t e r i o logy 

A grea t e r  propo r t i on ( 60% ) o f  unvacc ina ted rams had B rucella av i s  

i s o la t ed f rom the semen four weeks a f ter challenge than d i d  vacc i na t ed 

rams ( 7 . 5% ) . (Table 6 . 2 ) . Th i s  d i f fe rence was s i gn i f i cant  a t  the  

0 . 1% l evel . 

longer 

At 

any 

t he 

s i gni f i can t 

end o f  the  

By e i gh t weeks , howeve r ,  there were no  

d i f f e r ences be tween the t reatmen t groups . 

expe r i men t , 1 3  weeks af t e r  challenge , 75% o f  

and 100% o f  the con t ro ls were in fec ted . 

s t a t i s t i cally s i gni f i cant and there were 

the vac c in a t ed animals 

This  d i f ference was no t 

also  no  s t a t i s t i cally 

s i gn i f i can t d i f ferences be tween individual t reatmen t g roups i n  the  

number o f  ani mals becoming i n f ec t ed a f ter  chall enge . 

Semen Smears 

O f  87 s emen samp les f ro m  wh i ch B rucella av i s  was i s olated , 6 9  

( 7 9 % )  had a c i d- fas t bac t e r i a  d e t e c t ed b y  t h e  m i c ro s cop i c  exami na t i on 

o f  a s emen smear s t ained by the Mod i f ied Zi ehl-Neelsen me t hod . Th i s  

r e s u l t  con f i rms the s uper i o r i t y  o f  the cul tural t e chnique f o r  

d i agno s i s  ove r the d i r e c t  m i c rosco p i c  exam i na t i on o f  a s emen s mea r . 

A l l  s amples wh i ch had a c i d - fas t bac t e r i a  d e t e c t ed i n  the  s mear y i elded 

B rucella a v i s  on cul ture . One ram wh i ch was cul t ur a l ly p o s i t i ve neve r 

had a c id- fas t o rganisms d e t ec t ed i n  a s mear on any o f  the t h r ee 

o ccas i ons on wh i ch semen s amples were co lle c ted  and t e s t ed . 
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Palpa t i on 

Th i r ty - s i x  ( 90% ) of the 40 rams wh i ch exc r e t ed Brucella ov i s  i n  

the i r  semen developed lesi ons o f  e p i d i dymi t i s . O f  8 7  s emen s amp l e s  

f r o m  wh i ch B ruce lla ovi s was i s ola t ed , 7 5  ( 8 6 . 2% )  came f rom rams wh i ch 

had palpable les i ons o f  e p i d i dymi t i s  a t  t he t i me the s ample was 

collec ted . 

There were some p rob lems o f  i n t e r p re t a t i on .  Minor  d ev i a t i on s  

from no rma l were d i f f i cu l t  to  d e t e c t . I n  the early s t ages o f  

i n f e c t i on , the  r eac t i on was o f ten j us t  a s l i gh t  so f t  swe l l i ng ,  and i n  

some cases i t  t ook a cons i derable p e r i od o f  t i me for  t he reac t i on t o  

develop i n t o  a d i s c re t e ,  palpable les i on . The decis ion was made t h a t  

only when a n  unmi s t akable abno rmal i ty was present  would the  r a m  be  

reco rded as  hav i ng a " palpable les i o n " . 

o f  

Four weeks af t e r  chal lenge , t en r ams had palpable 

the  s c r o t a l  con t en t s  ( Table 6 . 2 ) .  Of t hes e , 

abno rmal i t i e s  

s i x  had no 

Brucella ov i s  bac t e r i a  i s ola t ed f rom t h e i r  s emen a t  that  t i me .  

By e i gh t  weeks , all but  two o f  t h e  33 rams w i t h  l e s i ons also  had 

Brucella ov i s  i s ol a t ed from t he i r  s emen , bu t s even rams wh i ch had t h e  

o rgan i s m  i n  t he i r  s emen had n o  les i ons o f  e p i d i dymi t i s . 

By the  end o f  the  exper i ment  1 3  weeks a f t e r  challenge , only one 

of t he 36 rams wi t h  les i ons did no t have B rucella ov i s  i s ol a t ed f rom 

i t s s emen , and f ive rams excre t i ng the  o rgan i sm in t he i r  s emen had no 

les i ons o f  e p i d i dymi t i s .  The numbers  of  rams in each group wh i ch had 

e p i d i dymi t i s  were  no t s igni f i can t ly d i f fe ren t a t  any s tage o f  t he 

exper imen t . 
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Table 6 . 2  

Number o f  rams ei ther unvacc inated , or  vaccina ted ei ther 

once or twice by ei ther the subcu taneous or  the int raperi toneal 

technique us ing B rucella ovis vacc ine , whi ch had epididymi t i s , 

o r  B rucella ovi s  i s olated from the semen , af ter the int ravenous 

i noculat ion of approximately 1 . 63 x 108 Brucella ovis organi sms 

VACCINE 

GROUP 

1 s / c  

1 i / p  

2 s / c  

2 i / p  

con t ro l  

To t als 

Palp­

a t i on 

0 

3 

1 

3 

3 

V e e k s A f t e r C h a l l e n g e 

4 8 13  

D i a g n o s t i c P r o c e d u r e 

Cul t ure 

0 

0 

1 

2 

6 

Palp­

a t ion 

6 

7 

6 

6 

8 

Cul ture 

6 

8 

6 

8 

10 

Palp­

at ion 

6 

8 

6 

8 

8 

Cul ture 

( FINAL 

NUMBER 

INFECTED/ 

NUMBER 

CHALLENGED )  

6 / 10 

9/10 

7/10 

8 / 10 

10/ 10 

10/50 9/50 33/50 38/50 36/50 40/50 
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DI SCUSSION 

Serology 

The serologi cal res ponse t o  vaccina t ion o f  the rams in this  

t r ial was s imi lar to tha t shown in the  resul ts of  the  t rial  

inves t igat ing vaccinat ion serology ( Chap ter 3 ) , i n  that the  

i n t raper i toneal me thod o f  vaccinat ion resul ted in a slower r i s e  in  

t i t re than the subcu taneous technique . 

The ELISA t i t res o f  the unvaccinated rams whi ch developed as a 

resu l t  o f  i n t ravenous challenge were lower and less pers i s tent than 

those induced by even a s ingle dose of Brucella ov is  vaccine . Four 

weeks af ter challenge , when the ELI SA t i t res of  the con trol rams were 

at a peak , the mean t i tre was s i milar to tha t of rams in the 2 s / c  

group f ive weeks af ter in i t i al vaccina t i on .  However ,  whereas t he mean 

t i t r e  of the 2 s/c  group had increased further by eight weeks af t e r  

i n i t ial vacc ina t i on , the t i t res o f  rams in  t h e  cont rol group had 

reduced when t hey were tes ted  eigh t  weeks after challenge . This  

d i f f erence was s ta t i s t i cally s igni f i can t , sugge s t ing that  infec t ion 

may not be as effec t ive as vaccinat ion at s t imulat ing an t ibody 

response . Al terna t i vely , i t  could s i mply mean that t here is less  

an t i body in c i rculat i on in  unvaccinat ed infected ani mals , because i t  

loca l i s e s  i n t o  those areas whi ch the bac teria colonise . 

There was a marked serological response to  challenge in  the form 

of an anamnes t i c  rise in t i t re as shown by t he ELI SA resul t s  of the 

2 s i c , 2 i / p  and 1 i / p  groups . Thi s  rise in  t i tre was no t nearly as  

marked i n  the 1 s / c  group . Th i s  may , however , have been an aberrat ion 

in  that  par t i cular run of the ELISA tes t ,  as this d i fference be tween 

t he groups had completely d i s appeared at the following t es t .  

Yhen the complemen t f i xa t i on and ELISA t i t res of  individual 

an i mals were examined , there were no obvi ous di f ferences in  pat t ern 

be t ween those  vaccinated ani mals that  became infec ted and those that  

d i d  not . Some animals w i th  a rela t ively high an t ibody t i t re a t  t he 

t i me o f  chal lenge succumbed t o  infec t ion , and s ome wi th a low t i t re 

res i s t ed the challenge . Thi s  find ing indi ca ted that an t ibody levels  

1 8 2 .  



as measured by serological tes ts  may no t be a very rel iable es t i ma t i on 

o f  resi s tance t o  infect ion in  ind iv idual animals . I t  has been 

men t i oned previously ( Chap ter 3) that res i s tance to  i n t racellular 
bac teria such as Brucella ovis is  heavily dependent on cell-med iat ed 

i mmune responses , which are no t measured by these serologi cal me thods . 

Perhaps some animals , desp ite  hav i ng high levels o f  c i rcula t i ng 

an t i body , have a poor cell-med iated i mmun i t y .  Similarly , some animals 

w i th low c i rcula t ing an t i body levels migh t have a s t rong cell-media t ed 

i mmuni ty .  Ano ther pos s ible explanat i on i s  the wide ind i vidual 

var iat ion be tween ani mals in  the i r  abili ty to res i s t  i n fect i on ,  an 

abi l i ty whi ch may no t necessari ly be ref lec ted in the i r  ci rculat i ng 

an t i body levels . 

In s p i te  o f  these doub ts cas t upon the value o f  serology as a 

me thod of  pred i c ting res is tance i n  ind i vidual animals , the cons i s tent  
pa t t ern o f  ant i body t i t res shown by  groups o f  animals vacci na t ed 

against  Brucella ovi s  infec t i on in  d i f feren t ways s trongly sugge s t s  

that a real d i f ference in  res is tance exi s ts be tween these groups . 

Vaccine E f f i cacy 

The res u l t s  of  this  experimen t were somewhat surp r i s i ng .  The 

use o f  the inact ivated Brucella ovis vaccine did not appear to have 

had any s i gn i f i can t e f fect on the res i s t ance of rams to a s ingle 

i n t ravenous challenge us ing 1 . 63 x 108 Brucella ovi s  bacteri a ,  no 

mat ter whi ch me t hod o f  vaccina t i on was used . 

Al though t here were no 

numbers o f  rams in fec ted in  

d i f ference in  the proportion 

sign i f i can t d i f ferences i n  t he f i nal  

each group , there was a s igni f i can t 

o f  vacci nated and unvaccina t ed rams 

excre t ing Bruce l la ovis one mon th a f ter challenge . Th i s  sugge s t s  that  

vaccinat i on may somehow delay the es tabli shment  of an infect ion in  the 

gen i tal organs . Thi s  may be because i t  takes longer for the infec t i on 
. 

to  overcome the enhanced immune response o f  the vaccina t ed ani mal  

s u f f i cien t ly to  cause de tectable numbers of bac teria t o  be excreted in  

th e  semen . 
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The fac t remains , however , that no s i gn i f i can t enhancemen t o f  

res i s tance t o  challenge as a result  o f  vaccinat ion could be 

demons t rated , cas t i ng doub ts  on the efficacy o f  this vac cine whi ch has 

been used for over 20 years . 

I t  could be argued that the intravenous route o f  challenge i s  

highly ar t i f i cial , and that under cond i t i ons o f  na tural transm i s s i on 

the body de fences would have had a greater chance o f  res i s t i ng the 

challenge . One o f  the importan t  cons idera t i ons in  this res p e c t  i s  

tha t o f  the local i mmune response ( e . g .  secre tory IgA )  at  the f i r s t  

barrier  t o  ent ry wh i ch would b e  met i n  na tural transmi s s i on , a mucous 

membrane . The use o f  the i n t ravenous rou te c i rcumven t s  t h i s  ini t ial 

barrier  and produces an " i ns tan t  bac teraemia '' be fore the i mmune sys t em 

has a chance t o  reac t .  However , when Buddle d i d  t he i n i t i al 

inves t i gat ions i n t o  Brucella ovis vaccines ( Buddle , 1954 , 1957 , 1 958 , 

1962 , B uddle e t . al . , 1 963 ) , he used the i n t ravenous rou t e  for all h i s  

ar t i f i cial chal lenges ,  and s t i ll the vaccine appeared t o  perform 

sa t i s factori ly .  

I t  was no t ewo r thy that i n  Buddle ' s  1962  experimen t i nvolving 

i n t ravenous challenge , approxi mately four t imes as many vac c i na t ed 

rams became infe c t ed t han did so af ter nat ural challenge in an 

experiment carried o u t  by Buddle in  1958 . This appl i ed b o th to rams 

vaccina ted wi th a s i ngle dose of the B rucella ovis  saline- in-o i l  

vacc ine and to those vaccinated using a comb i nation of B rucella ovi s  

vaccine and Brucella abortus S t rain 19 . Thi s  appears to  suppor t  the 

hypo thesis  that the i n travenous method of challenge was more s evere 

t han natural challenge . However , cons ideri ng t he i ncons i s t enc i e s  o f  

the nat ural challenge s i t uat ion , i n  wh i ch many rams may never be 

challenged at all ,  a four-fold d i fference in the propo r t i ons of rams 

becoming infec t ed could be cons idered to be  of small s ign i f i cance . I t  

could b e  that i n  the  na tural challenge experiment , only one-quar t e r  o f  

t he ani mals were adequat ely challenged , and this  i s  qui t e  a l i kely 

pos s i b i li ty . 
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In the experiment being reported here , a chal lenge dose was used 

tha t was approxi mately 18 t imes greater than tha t used by Buddle i n  

h i s  1 962  experi ment . Th i s  may have accoun t ed for the d i f fe rence i n  

the p roport ion o f  rams succumb ing t o  infec t i on in  these two t r i al s . 

O f  those rams vacc inated twi ce by the subcutaneous rou t e ,  70% became 

infec ted in t h i s  experiment , in  compar ison w i t h  23% in Buddle ' s  1962  

experimen t . However � this  may no t be  a comp lete explana t i on ,  as  the 

chal lenge dose i n  this curren t trial was only 3 . 5  t i mes grea ter t han 

tha t  used by Buddle e t . al .  i n  1963 , when only 10% of rams vaccina t ed 

twice  by the subcutaneous rou t e  became infected after an i n t ravenous 

chal lenge . 

I t  appears , then , that the magni tude o f  the challenge dose may 

not  be the only fac tor involved in the dis crepancy between the resul t s  

o f  t h i s  tr ial and those condu c t ed by Buddle . I t  has t o  b e  cons idered 

that  the vaccine i t self might be of low e f f i cacy . 

Commerc ial  vaccines are frequently expec t ed t o  produce 

res i s t ance to  qui t e  severe challenge . A challenge dose of several 

" I D5 0 " s  is o f ten used to  tes t t he e f f i cacy of vaccines ( i . e .  several 

t imes that dose which causes infec t ion i n  50% of unvaccina t ed , 

suscep t i ble ani mals ) .  Unfor t unately , no reli able i nforma t i on was 

ava i lable concerning the i n t ravenous IDSO of Brucella ovis , or  about 

the numbers o f  bac teria  that  might be involvecl i n  the na tural 

t ransmi s s i on p rocesses . I t  was deci ded to make an i nves t igat i on o f  

these factors . 

CONCLUSION 

The use o f  Brucella ov i s  vaccine , adminis t ered e i ther once o r  

t wice  b y  ei ther the subcutaneous o r  the int raperi toneal technique , had 

no s igni f i can t e f fect  on t he res i s tance o f  rams to an i n t ravenous 

challenge cons i s t ing of approx i mately 1 . 63 x 108 l ive Brucella ovis  

bac t e r i a , o ther than t o  delay the ons e t  o f  excre t ion o f  t he organ i s m  

i n  the  s emen . 
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INTRODUCTION 

CHAPTER 7 

THE RESPONSE OF VACCINATED RAMS TO A RANGE 

OF EXPERIMENTAL CHALLENGE USING BRUCELLA OVIS 

( ID50 TRIAL)  

In an  exper i ment inves t iga t i ng the e f f i cacy o f  vari ous 

vaccina t i on t echn iques ( Chap ter 6 ) , no s i gni f i can t d i f ference i n  

res is tance to  challenge wi th Brucella ov i s  could b e  demons t ra t ed 

be tween vac c ina t ed and unvacc ina ted an i mals . The challenge dose used 

was rela t i vely h i gh ( 1 . 63 x 10 8 Brucella ovi s  bacteria  admi n i s tered 

i n t ravenously ) ,  and this inoculat i on caused infec t i on in 100% o f  

unvaccinated an i mals . However ,  t h i s  dose was s i milar to  that used by 

o ther workers i nves t igat ing B rucella ovis , such as Jebson e t . al .  

( 1954 ) who used 1 09 o r  108 bac teria  as an i n travenous challenge dose , 

and Buddle and Boyes ( 1953 ) who used i n travenous doses o f  107 o r  109 

Brucella ovi s bac teri a .  

I t  was cons idered poss i ble that the  magni tude o f  t he challenge 

dose used in the previ ous exper i men t ( Chap ter 6 )  may have con t r i bu ted 

t o  the apparen t fai lure of t he vacc ine to  produce s ign i f i can t 

res i s tance , and accordingly i t  was decided to t e s t  the e f f e c t  o f  

vacci na t i on a t  a lower challenge dos e .  For a dec i s i on t o  b e  made 

concerning the s pec i f i c  challenge dose  that should be used , s ome 

in forma t i on on the l i kely e f fe c t  of that  dose on suscep t i ble animals 

would be a p rerequ i s i t e .  Unfor tuna t ely , i nforma t i on such as the 

minimum infec t i ve dose for sheep us ing t he local Brucella o v i s  s t ra i n  

was unavai lable . I t  was deci ded that  an es t imate o f  t he dose whi ch 

caused 50% o f  suscept i ble rams t o  become i nfec ted ( ID50 )  should be 

de termined by experi men t . 
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Unfor tunately ,  mos t  o f  the class i cal me thods of making an 

e s t i mate such as the IDSO involve very large numbers of animals whi ch 

would be phys i cally imprac t i cal to handle and beyond the resources o f  

t h i s  proj ec t .  However ,  the me thod of  Reed and Muench ( 1 938 ) o f fered a 

s i mple and prac t i cal alternat ive . The me thod i s  des cri bed in Append ix  

6 ,  bu t briefly , i t  uses  a number of  s e r i al dilut ions o f  the  t es t 

ma terial , in this cas e B rucella ovis challenge suspens ion ,  and at  each 

d ilu t ion several ani mals are tes ted . By the s imple exped ient o f  

assuming tha t an animal becoming infe c t ed a t  one dose would have 

become infected at any higher dose , and that  one res i s t ing challenge 

at a par t i cular dose would have res i s ted i t  at any lower dose , 

cumulat ive resul t s  can be calcula ted . Thus larger numbers o f  animals 

can be used in the es t imate , and the preci s i on o f  the 50% end po i n t  i s  

grea t ly improved over that which would o t herwise have been poss i ble 

us ing a small number o f  animals . 

By per forming a s i milar graded challenge p rocedure on groups o f  

animals vaccinated by var ious techni ques , i t  was hoped that  

compari s ons could be made be tween t he i r  relat ive res i s t ances to  

var i ous challenge doses , as well as be tween the resul tan t  I DSO 

es t i ma t es for these d i fferen t groups . I t  had already been shown that  

there were d i fferences i n  the serologi cal responses of  rams vaccina ted 

by d i fferent techniques ( Chap ter  3 ) . I t  had also been shown by Buddle 

( 1 9 6 2 )  and Buddle e t . al .  ( 1 963 ) that  rams vacc inated twice by the 

subcu t aneous method had a grea ter  res i s tance to  expe r i mental challenge 

than those vaccina t ed only once . I t  was hoped t hat  by us ing a range 

of challenge doses in this  exper i men t ,  i n f o rmat ion could be gained 

concerning the relat i ve pro te c t ive value of B ru cella ovis vaccine when 

i t  i s  admini s tered once or twice by the i n t rape r i t oneal t echni que , o r  

twice by the subcu t aneous technique . 
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MATERIALS AND METHODS 

One hund red and for ty- four clinically normal rams were used in  

this experimen t . They were mainly one t o  two year old Romneys and 

Drysdales , bu t some older animals and some rams o f  o ther breeds were 

also used . All the rams came from propert ies  acc red i t ed as being 

Brucella avis free . Prior to the experiment all rams had palpably 

normal s cro tal con tents  and were negat ive to the Brucella avis 

complemen t f i xa t i on tes t .  

Alloca t i on to Experimen tal Groups 

The rams were randomly allocated to  one of four exper i men tal 

groups : t h i r ty-s ix to each . One an imal in each group was included as 

a " s pare"  i n  case one of the other 35 was unusable for any reason . 

Thes e  four rams were given b lank plas t i c  ear tags , and all  the o thers 

were individually iden t i f ied wi t h  tags numbered 1-1 40 . 

Management  

As a s i ngle graz ing area large enough t o  main tain  t he whole 

flock t hroughou t the expe r i men t was not  avai labl e , the ani mals were 

grazed t ogether ini t ially , but s p l i t i n t o  two mobs of approx imately 

equal s i ze i mmedia tely af t e r  challenge and thereaf t e r  grazed on two 

separat e  blocks of land . Mob A cons i s ted o f  rams challenged at  t he 

h igher doses , and Mob B those s ubj ec ted to lower challenge doses . I t  

was hoped that this  would help t o  reduce any natural challenge e f fect  

from t h o se  rams mos t  l ikely to become infec t ed ( high challenge ) on  

t h ose  l ess  l i kely to  do  so  ( low challenge) . 
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As rams be came infec ted (as shown by semen cul ture)  they were 

removed from the mob ,  in a fur ther e f f o r t  to  reduce natural 

t ransmi ssion . 

Towards the end o f  the experiment , dry condi t ions resul t ed in  

poor  grass grow t h , and the diet  was s upplemented wi th good qual i ty 

hay . 

The rams were drenched regularly ( abou t once a mon t h )  u s i ng 

250mg of the anthelmi n t i c  Fenbendazole1 and all rams were vaccina ted 

s oon after select ion agains t  salmonellos i s 2 , and agains t the f ive 

maj or clos t r i dial diseases3 • 

Jus t before chal lenge , all the rams were shorn to  fac i l i t a t e  the 

int ravenous inj e c t ion o f  the challenge suspens ion and subsequen t 

collec t i on o f  clean semen samp les . 

Vaccine 

A commer c ially produced , inac t iva ted , Brucella ovis  

sal ine-i n- o i l  emulsion vaccine4 was u sed . The vaccine was made up  

en t i rely from o ne  ba t ch ( series 2995 ) and  was used well  before  the  

exp i ry dat e .  The dose was 2ml . 

Treatmen t s  

The following t rea tmen ts  

groups : 

were allocat ed to  the experimen tal  

1)  Rams 1 - 35 two vaccinat ions , 8 weeks apar t , admini s t ered 

by the subcu taneous rou t e , in the neck . ( 2  s / c )  

2 )  Rams 36 - 70 two vaccinat ions , 8 weeks apar t , admi n i s t ered 

by the intraperi t oneal technique . ( 2  i / p )  

3 )  Rams 70 - 105 one vaccinat ion , admin i s tered by t he 

intraper i t oneal t echni que . ( 1  i / p )  

4 )  Rams 106 - 140 unvaccinated . ( contro ls ) 
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All 36  animals in  each of  the three trea t ed groups were 

vaccina ted , includ ing the 11 spares 11 • 

admini s trat ion o f  the vaccine were the 

The techniques used for 

same as those described in  

Chapter  3 ,  except  that  the needle used for i n t raper i toneal vacc ina t i on 

was a 25mm 18 gauge needle ra ther than the 19mm 1 7  gauge needle used 

previ ously . This change was made in an effor t to reduce the problem 

of 11 ex t raperi toneal 11 vaccine deposi t ion no t i ced in  the pos t -mor t em 

s tud ies ( Chap ter 4 ) . 

Animals in  the 1 i / p  group were vacc inated on the same day t ha t  

those i n  the 2 i / p  and 2 s / c  groups received t heir second vaccina t i on .  

All the animals were therefore challenged ten weeks after  the 

comple t ion o f  the i r  vaccina t i on programme . ( Table 7 . 1 ) 

Produc t i on o f  the Challenge Suspens ion 

I t  was decided to  use challenge doses correspond ing t o  serial  

tenfold d i lu t i ons o f  the challenge suspens i on used in the  previous 

exper i ment ( Chap t e r  6 ) ; from a dose of approx i ma tely 1 08 

Brucella ovis  bac t e r i a  down to  one of  approximately 102 organ isms . 

B rucella ovis  was isolated from the semen of one of the rams 

infec t ed i n  the p i lo t  t rial ( Chap ter 5 ) .  This i solate was grown i n  
pure cul ture , propagated o n  TSA slopes and harves ted in  s t e r i l e  

pep t one sal ine in  the same manner as descr ibed f o r  t h e  prev i ous 

challenge t rial ( Chap ter  6 ) . The puri ty of  the suspens ion was checked 

by examining Gram s tained and Mod i f i ed Zi ehl-Neelsen s tai ned smears o f  

the prepara t i on .  

A dark field coun t carried ou t on t he resul tan t  pooled 

suspens ion gave an es t imated bac terial concentra t i on o f  2 . 7  x 1 01 0 

bac t e ria/ml . A tenfold dilut i on of  this suspension was made and O . Sm l  

placed i n  each o f  s ix s terile Universal bo t t le s  cont aini ng 13ml o f  

s t e r i le pep tone saline , making 1 3 . 5ml o f  a suspens i on having an 

es t i ma t ed concen t ra t i on of 1 x 108 bacteria/ml in each bo t t le . 
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The suspens ion was then used to make a series o f  tenfold 

d i lu t i ons from 108 to  102 bac ter ia/ml , whi ch i n  turn were used to  make 

several 1/5 d i lu t i ons , as the volume o f  

5ml . Thus , a series o f  seven suspens i ons 

respec t ive bacterial  concen tra t ions were 

the challenge dose was to be 

were made for whi ch the 

es t i mated to be 108 , 107 , 

106 , 105 , 104 , 103 , and 102 Brucella avis  bacteria  per 5ml dose . 

F i f teen mi lli l i tre aliquo ts  of  the f i nal suspens ion were 
d ispensed into s t e r i le Uni versal bo t t les , one bo t tle for every two 

animals which were to receive that dos e .  Th is  arrangement allowed a 

5ml margin of excess and permi t ted easy and accurate f i l li ng o f  the 
syringes . 

As in  prev i ous experimen t s , dup l i ca t e  viable coun ts were made 

using the challenge suspens ions as a mo re accurate es t i ma t e  of the 

ac tual concentrat ion of  viable bacteria . The plates were read a f t e r  

four days incubat ion a t  3 7 ° C  in  an atmos phere o f  10% C02 • 

Inoculat ion of Challenge Suspens ion 

Ten weeks a f t e r  the las t vaccinat ion p rocedure , 5ml o f  the 

appropriate  challenge sus pens ion was i nj ec t ed i n to the j ugular vei n  o f  
each ram , using a new s te r i le syri nge and 2 0  gauge 25mm needle f o r  

each ani mal . The " s pare"  rams were no t challenged . 

Serology 

Blood samples were collected from all the rams according t o  the 

s chedule in  Table 7 . 1 .  Af ter challenge , only the unvaccina t ed con t ro l  

rams con t i nued t o  be tes ted s erologi cally . 

p rocessed and s to red i n  the same manner as 

( Chap ter 3 ) . The s erum samples were sen t 

Research Cen tre t o  be tes ted for an t i body to  

complement  fixa t i on me thod ( CFT ) . 

Samples were collec t ed , 

des c r i bed previ ously 

to Wallacevi lle Ani mal  

Brucella avis  by the 
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Bac te r i o logy 

Semen samples were collec t ed from the rams accord ing to the 

s chedule in Table 7 . 1 . Three s e ts of samples were co llec ted from each 

mob , by whi ch t ime ram numbers had sign i f i can tly reduced because 

infec ted an imals had been removed . I t  was deci ded to keep on tes t ing 

the unvaccina t ed rams , as well as the vacc ina t ed rams whi ch had been 

challenged wi th the higher doses of  Brucella ovis  organi sms , for a 

fur ther two weeks . At ten weeks a f ter challenge , therefore , all the 

unvaccinated rams and all the vaccinated rams that had received a 

challenge dose o f  104 o r  h i gher were retes ted . A t  1 1  weeks af ter 

challenge , all vacc inated rams wh ich had received a challenge dose o f  

105 or higher were again retes t ed along wi th the unvaccina t ed animals . 

Semen was obtained by electroej aculation ( Append i x  5 ) . As s oon 

as poss ible af ter collec t i on ,  two blood agar plates for each ram were 

ino cula ted us ing a swab of the semen sample , and these plates were 

incubat ed at  37 °C  in 10% C02 for s i x  days . They were exami ned daily , 

and any Brucella ovis colonies  present were usually iden t i fiable 

wi thin  three t o  four days . In  cases where there were doub t s  as t o  the 

iden t i ty o f  the i solate , i t  was s ubcultured , and the purE! growth  

s ubj e c t ed to  mi cros cop i c  exam i na t i on un t i l  the ident i ty was confi rmed . 

Semen Smears 

Smears were made from a drop of each semen sample and s tai ned by 

the Mod i fi ed Ziehl-Neelsen me t hod ( Appendix 1 ) . They were allowed t o  

d ry and then examined at  high power us ing o i l  immers ion mi croscopy 

( 1 , 000 x magn i f i ca t ion ) for the presence o f  inflamma tory cells and 

bac t e r i a .  
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Palpa t i on 

At  the same t ime as semen samp les were col lec ted , the s cro tal 

con ten t s  o f  each ram were palpa ted and the presence of any abnormal i ty 

recorded . 

Ram Losses 

Three weeks before challenge , two rams in  the 2 i / p  group were 

found dead . Pos t-mo r t em examina t i on fai led to reveal the cause o f  

death . One animal was replaced by the "spare " ram for t h i s  group bu t 

the other could no t be replaced , so  there were only 34 rams in  this  

group . I t  was deci ded to use  only four rams i n  the group whi ch was t o  

receive the dose o f  approxima tely 108 bac teria , a s  a dose o f  

approxima t e ly t h i s  magni tude had been used in a prev i ous exper imen t 

( Chap ter 6 ) , s o  there was al ready some informat ion about  i t .  

A f t e r  challenge , an out break of  poisoning caused by the plant 

"Goats Rue "  ( Galega offici nal i s ) claimed the l i ves o f  three more 

rams . Two of t he rams were replaced by the " s pare"  ani mals in t he i r  

respect ive groups , b ut  the t h i rd ,  a s  i t  was from t he 2 i / p  group , 

could no t be  replaced . This mean t that  t here were only four rams i n  

t he 2 i / p  group tha t were challenged us ing a dose of  approximately 103 

bac teri a ,  and that there were only 33  rams in the 2 i / p  group i n  

compari son w i t h  the 35  in each o f  the o ther t hree groups . 

The two rams that  were used as replacement s  for t he i r  p o i soned 

counterpar t s  were g iven the appropr i a t e  i n t ravenous challenge dose o f  

B rucella avi s  o rgan i sms 48 hours a f t e r  the o thers had rece i ved t he i r  

challenge . A viable pla te coun t o f  the s us pens i on used to  challenge 

t hese two rams revealed almos t i den t i cal numbers of Brucella avis  

organi sms t o  t he o r iginal pla t e  coun t , and so these two i nd i v i duals 

were no t t rea t ed any d i f feren t ly in the subsequen t analys i s  o f  

resul t s . 
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S t a t i s t i cal Methods 

Chi-squared tes t s  and 95% confidence lim i ts were used for group 

comparisons . The Reed and Muench ( 1 938 ) method o f  es t ima t ing 50% 

end-points  and a " LOGIT" t rans format ion we re both used i n  the 

calcula t ion o f  IDSO es t i mates . All these me thods are descri bed i n  

Appendix 6 .  The analyses were performed w i th the help o f  t h e  

"MINITAB " 5 and " GENSTAT " 6 s ta t i s t i cal packages o n  Massey Univers i ty ' s 

" PRIME" computer . 

C r i terion for Judg ing Infec t i on 

A ram was j udged to be " i nfected '' when Brucella ov i s  bac t e r i a  

could b e  cul tured f r o m  the semen . 

NOTES 

1 )  " Panacur " Coopers 

2Sg/l Fenbendazole . 

2 )  " Salvexin" 

Animal Health N . Z .  

Coopers Animal 

Ltd . 

Heal th 

Ac t i ve cons t i t uen t 

N . Z .  L t d .  

Salmonella typh i murium and Salmonella bov i smorb i f i cans vaccine . 

3 )  " Covax 5 "  Tasvax Covax 5 ,  Coopers An imal Heal th N . Z .  Ltd . A 

comb i ned clos t ri d ial  vaccine cons i s t i ng o f  puri fied t oxoids  o f  

Clos t ridi um per f r i ngens (welch i i )  Type D ,  Clos t r i d i um sept i cum,  

Clos t r id ium t e tan i , Clos t r idium novyi ( oedoma t i ens ) ,  and a fo rmol 

cul ture o f  Clos t ri d i um chauvoei . 

4 )  " Ramovexin"  Coopers Animal Heal th N . Z .  Ltd . An i nac t iva t ed 

B rucella ovis sal i ne-in-oi l  vaccine . 

5 )  '' MINITAB" - Release 82 . 1 ,  copyrigh t Pennsylvania S t ate  Uni vers i ty 

1 9 8 2 . 

6 )  " GENSTAT " Release 4 . 041 3 ,  copyrigh t  1984 Lawes Agri cul t u ral 

Trus t ,  Ro thams ted Experimen tal S ta t i on .  
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Table 7 . 1  

Schedule Of Exper imen tal Procedures In A Trial Inves t i ga t i ng 

The Response Of Vaccinated And Unvaccinated Rams To A Range 

Of Brucella ovis Challenge Doses 

'Week 

0 

4 

8 

15 

18 

21 

22 

23 

24 

25 

27  

28  

29  

DAY 

Vaccinate  

2 s i c  and 2 ilp  

2 s i c , 2 ilp  

and 1 i l p  

OF CHALLENGE 

Colle c t  

Blood 

2 sic and 2 i l p  

2 s i c  and 2 i l p  

1 i l p  and con t rol 

All groups 

All groups 

con t rol , mob A 

con trol , mob B 

cont rol , mob A 

cont rol , mob B 

con t rol , mob A 

con t ro l ,  mob B 

All con t rols 

All con t rols 

Collec t  

Semen 

mob A 

mob B 

mob A 

mob B 

mob A 

mob B 

All 

All 

NB Mob A cons i s ted o f  h igh challenge dose groups , Mob B o f  low 

challenge dose groups . 
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RESULTS 

Viable Count 

The final es t imate  of bac terial concen trat ion of  the challenge 

sus pens ion ,  made on the bas i s  of the vi able coun t plates , was 

1 . 23 x 108/ 5ml for the lowes t d i lu t i on .  Therefore each an i mal 

recei ved approximately 1 . 23 x 102 , 103 , 104 , 105 , 106 , 107 or 

108 B rucella ov i s  bac t e r i a ,  depending on the challenge dose group t o  

whi ch i t  had been allocated . This mean t tha t the lowes t challenge 

dose contained approximat ely 1 2 3  bac teria and the highes t 1 2 3  m i l l i on 

bac t e r i a .  

Serological Response to Vaccinat ion 

The serologi cal resul t s  from rams vacc ina ted i n  d i f feren t ways 

were cons i s ten t  wi th the pat t ern seen in earlier  experimen t s  

( Chap ter  3 ,  Chap t e r  6 ) . 

The rams vaccina t ed twi ce by the intraper i t oneal technique had a 

s lower rise  in mean t i t re than those vaccinated twice subcutaneous ly 

( Figure 7 . 1 ) .  

The rams vacc inated once by the i n t raper i toneal t echn ique bad a 

s igni f i can t ly lower average t i t re t han the o ther two vacc i na ted groups 

when samples were tes ted at 15 weeks and at the t ime of  challenge a t  

1 8  weeks . 

I t  t ook longer for all the rams in  t he 2 i/p  group t o  become 

pos i t ive to the complement fixa t i on tes t than i t  did  for t hose in the 

2 sic group ( F igure 7 . 2 ) .  By the t ime that the rams were challenged , 

a t  18  weeks , all  t he rams in  the 2 s i c  and the 2 i / p  groups had a 

pos i t ive reac t i on to t he complemen t fixa t i on t es t ,  bu t one o f  the rams 

in the 1 i / p  group was s t i l l  nega t ive ( Figure 7 . 2 ) .  
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F i gure 7 . 1  

Mean complemen t f i xa t i on t i t re scores o f  rams following 

the admini s t ra t i on o f  Brucella ovis  vaccine e i ther twice 

by the subcutaneous rou t e , or  once or  twice by the 

i n t raperi toneal techni que . 
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F igure 7 . 2  

Percen tage o f  rams having a pos i t ive reac t i on to  t he 

complement  f i xa t i on tes t following the adminis t rat ion o f  

B rucella ovis vacc i ne ei ther twice by the subcu taneous 

rou te , or once or  twice by t he int raperi toneal t echnique . 
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Serolog i cal Response t o  Challenge 

The propor t ion o f  rams in  the con t ro l  group whi ch had a pos i t i ve 

reac t i on t o  the complemen t fixa t i on tes t ( F igure 7 . 3 )  was calcula ted 

on  a cumula t i ve bas i s  to  account for the removal o f  infe c t ed rams . 

Twen ty out  o f  35 ( 57%)  o f  the unvaccinated rams developed a pos i t i ve 

complemen t  fixat i on t i t r e . All but two o f  these rams were excre t i ng 

B rucella ovis in the i r  semen by the end of the experimen t .  

The number o f  unvaccinated rams develop ing t i t res increased as 

the challenge dose increased (Table 7 . 2 ) .  

The leng th o f  t ime tha t elapsed be tween challenge and the 

d evelopment o f  a pos i t ive complemen t f ixat ion  t i t re in  unvacc i na t ed 

rams tended to  reduce as the number o f  bac t e r i a  in the challenge dose 

increased (Table 7 . 2 ) . 

Therefore , as the dose o f  infec t i ve bac teria increased , the 

percentage o f  animals that developed pos i t ive complemen t f i xa t i on 

t i t res also i ncreased , and the period be tween challenge and subsequen t 

s eroconvers i on decreased . 
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Table 7 . 2  

Number Of Unvaccina t ed Rams Wh ich Developed A Pos i t ive Reac t i on 

To The Brucella ovis Comp lemen t Fixa t i on Tes t A f t e r  The 

Admin i s t ra t i on Of Int ravenous Challenge Doses Of Varying Magn i t ude 

Challenge Dose 

(Approximate Numbe r  of 

Brucella ovis Bac teria)  

1 .  23  X 103 

1 .  2 3  X 104 

1 . 23 X 10 5 

1 . 23 X 106 

1 .  2 3  X 107 

1 .  2 3  X 108 

Total  

4 

0 

0 

1 

1 

3 

5 

10  

Weeks After Challenge 

6 9 10 

0 1 1 

0 2 2 

1 2 3 

2 3 4 

3 5 5 

5 5 5 

11 18 20 

To tal 

1 ( ou t  o f  5 )  

2 ( ou t  o f  5 )  

3 ( ou t  o f  5 )  

4 ( ou t  o f  5 )  

5 ( ou t  o f  5 )  

5 ( ou t  o f  5 )  

20  ( ou t  o f  3 5 )  
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Figure 7 . 3  

Percen tage o f  unvacc inated rams hav ing a pos i t ive reac t i on 

t o  t he complemen t f i xa t i on tes t followi ng t he 

adm in i s t ra t i on o f  i n t ravenous Brucella avis  challenge 

doses  o f  varying magn i tude . 
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Bac t e r i ology 

Of  a to tal o f  138 rams wh i ch were chal lenged , 38 ( approximately 

28%) excre ted Brucella ovis in  the i r  semen . More of the rams wh i ch 

had received a high challenge dose became infec ted than those wh i ch 

had received a low dose ( Table 7 . 3 ) . The unvaccinated con t rol group 

had a grea ter propor t i on o f  rams succumb ing to  infec t ion than any o f  

the vaccinated groups . This d i f ference was s igni f i cant at  the 5% 

level ( P<0 . 05 )  for the groups vacc ina ted by the i n t raperi toneal 

techn i que ( 1  i / p  and 2 i /p )  and s igni f i can t at the 0 . 1% level 

( P <0 . 001 ) for the group vac cina t ed twi ce by the subcu taneous method 

( 2  s / c ) . 

There were no s i gni f i can t d i fferences be tween any of the three 

vaccina ted groups in the to tal number of  rams that became infe c t ed 

a f t e r  challenge . 

As would be expe c t ed , t here was a s igni f i can t t rend o f  

increas ing numbers o f  ani mals b ecoming infec ted as the challenge dose 

was increased ( Table 7 . 3 ) . This was t rue both  for the to tal number of 

ani mals challenged at each dose , and for each ind i v i dual t reatmen t 

group . 

A t  a dose o f  1 . 23 x 1 07 Brucella ovi s  bac t e r i a ,  all f ive 

unvacc inated rams in the con t rol group became infe c t ed , bu t none o f  

t h e  f ive rams in  the 2 s / c  group challenged at  t h i s  dose succumbed t o  

i n fec t i on . Th i s  d i f ference was s igni f i can t a t  the 5 %  level ( P<0 . 05 ) , 

and was the only s igni f i can t d i fference be tween t reat ment groups for 

an i mals challenged at  the same dos e .  It  was d i f f i cu l t  t o  demons t ra t e  

s i gn i f i cance i n  t h i s  type o f  comparison because of t he extremely small 

numbers o f  ani mals involved ( only four or five in  each grou p ) . 

Generally , the grea ter  

challenge suspens ion , t he 

the bac terial 

sooner the rams 

concent rat i on 

began t o  

of  the  

excr e t e  

B rucella ovis in their  s emen ( Figure 7 . 4 ) . I t  was also no t ed that  

unvacc inated rams were the f i rs t to  begin excre t i ng Brucella ovis  in  

thei r  semen . Nex t , those rams vaccina ted by the i n t raperi t oneal 

t echnique began to  excre t e  the organism , and t hen f i nally those 
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vaccinated twi ce by the subcu taneous rou t e  ( F i gure 7 . 5 ) . 

The rams vaccina ted twi ce by the subcu taneous me thod requ i red 

t he highes t challenge dose be fore they began to  succumb to  infec t i on ,  

and the unvacci na t ed rams were suscep t i b le t o  the lowes t " m i nimum 

infec t i ve dose "  ( F igure 7 . 6 ) .  

The f i r s t  i sola t i on of B rucella ov i s  was from a semen sample 

collec ted j us t  t hree weeks af ter challenge . The grea tes t number o f  

new cases ( 1 6 )  was recorded seven weeks a f ter challenge , and a t  the 

las t tes t ,  1 1  weeks af ter challenge , no  new cases o f  infec t ion  were 

detected ( F igure 7 . 7 ) .  
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Table 7 . 3  

Number O f  Rams Wh i ch Be came Infec t ed In Each 

Treatmen t Group After The Adminis t ra t ion  Of Int ravenous 

Brucella ovi s  Chall enge Doses Of Varying Magn i t ude 

Chal lenge Dose 

(Approx imate  

Number o f  

Brucella ovis 

Bac teria)  

1 . 23 X 102 

1 . 23 X 103 

1 .  23  X 104 

1 .  23  X 105 

1 .  23  X 106 

1 . 23 X 107 
1 . 2 3 X 108 

Total Infec ted 

Percen tage 

Infe cted 

Number 

Challenged 

Trea tment Group 

2 s / c  2 i /p 1 i / p  con t rol 

0 0 0 0 

0 0 * 0 1 

0 0 0 2 

0 0 0 2 

0 1 1 3 

0 2 4 5 

4 4 * 4 5 

4 7 9 1 8  

1 1% 21%  26% 51%  

35  33  35  35  

To tal To tal 

Infec ted Number 

( % )  Challenged 

0 ( 0% )  2 0  

1 ( 5%)  19  

2 ( 10%) 20 

2 ( 10%) 20 

5 ( 25% ) 20 

1 1  ( 55% ) 20 

17 ( 90% ) 1 9  

38 1 3 8  

28% 

138 

NB " * "  - ind i ca t e s  only 4 animals in  t h i s  group ( o therw i s e  5 ) . 
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T ime ( in 

i n t ravenous 

Figure 7 . 4 

weeks ) following the admi n i s t r a t i on o f  

B rucella ovis challenge doses of  vary ing 

magn i tude b e f o re the f i r s t  isola t i on of  Brucella ov i s  f rom 

the s emen o f  vac c i n a t ed and unvaccinated rams . 
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T i me ( in 

i n t ravenous 

F i gure 7 . 5 

weeks ) f o llowing the admin i s t ra t i on o f  

B rucella  ov i s  challenge doses o f  vary ing 

magn i t ud e  before t he f i r s t  isolat ion of  Bruce l l a  ov i s  f rom 

the s emen of unvac c i n a t ed rams or  rams vacc i n a t e d  e i ther 

once o r  t w i ce by the i n t raperi t oneal t echniqu e  or  t w i ce by 

t he subcut aneous me thod . 
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F igure 7 . 6  

Lowes t dose o f  intravenous Bruce lla ov is organ isms whi ch 

caused i n fe c t ion in unvaccina t ed rams , rams vaccinated 

once or  twice by the i n traperi toneal technique , and rams 

vacci nated twice by the subcu taneous me thod . 
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Figure 7 . 7  

Number o f  new cases o f  Brucella ovi s infect ion detec ted a t  

var i ous t i mes a f ter the admini s t ra t i on of  a range o f  

i n t ravenous challenge doses o f  Brucella ovis organisms . 
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!050 Es t imates 

Using the me thod of Reed and Muench ( 19 38 ) , the es t ima t es of the 

!050 for each of the treatmen t groups were as follows : 

Unvaccinated ( contro l )  

One intraperi toneal vaccina t i on ( 1  i / p )  

Two i n t raperi toneal vaccina t i ons ( 2  i / p )  

Two subcu taneous vaccinat i ons ( 2  s / c )  

9 . 1  x 104 bac t e r i a  

5 . 3  x 1 0 6  bac t e r i a  

8 . 9  x 1 0 6  bac t e r i a  

5 . 2  x 107 bac t e r i a  

The es tima te  o f  the dose that would be requi red to i n f e c t  50% o f  

rams vaccina ted once b y  the i n t raperi t oneal technique was 58 t imes 

greater than tha t  for unvaccinated ani mals . The !050 of rams 

vacci na ted twice by the i n t raperi t oneal technique was 98 t i mes 

greater , and tha t  o f  rams vacc inated twice by the subcutaneous me t hod 
57 1  t i mes greater than the " s tandard !05 0 "  of  these unvaccina t ed 

animal s . 

As there was no s imple me thod o f  assess i ng the accuracy o f  the 

es t imates ob tained by this me thod , it  was decided to use an add i t i onal 

s ta t i s t ical method whi ch would allow 95% confidence l i m i t s  to  be  

placed on the resu l tant es t i ma t es o f  the IDSO . 

A "Logi t "  t rans forma t ion 

app l i ed to  the experimental 

"Gens t a t "  s ta t i s t i cal package 

Univers i ty .  

( Ne lder and Vedderburn , 1 9 7 2 )  was 

da ta . Thi s  was accomplished using the 

on the " Prime"  computer a t  Mass ey 

Briefly , the package f i t s a l i ne to the t rans formed da ta , and 

the IDSO es t ima t e  is read from the point  on the line corres ponding t o  

a 50% infect ion ra te . Vhen separate  l ines were f i t ted for each o f  t he 

four t reatmen t groups , ( i . e .  the l ines for each treatmen t group were 

no t assumed to be parallel ) ,  the l i ne was found to have a b e t ter " f i t "  

t o  the relevan t data than when all the data was used t o  form a l ine o f  

one grad i ent ( parallelism assumed ) ,  whi ch then , us i ng d i f ferent  

209 .  
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intercep ts , gave es t imates for all o f  the groups . 

Unfor tuna t ely , as there were only two data po ints  for the group 

vaccinated twice subcu taneously , no separa t e  l i ne could be f i t ted for 

this  group , and in  order to obtain an es t ima t e  of the ID50 of this  

group , a comb ined regress i on line had to be  used . When t h i s  was done , 

the ID50 es t imates wi th thei r 95% confidence l i m i t s  were as shown i n  

Table 7 . 4 .  

There were no s tat i s t ically sign i f i can t d i f ferences among the 

three vaccinated groups , but all of the three vaccinated groups had 

s i gn i f i can tly higher ID50 es t imates than the unvaccina t ed con tro l  

grou p . 

The ID50 e s t i mates obtai ned by the Reed and Muench me thod all 

fell be tween the corresponding es timate and lower 95% conf idence limi t 

calculated by the Logi t me thod , ind icat ing that these two me thods o f  

es t i ma t i ng the ID50 give comparable resu l ts . 

I t  was possible to increase the amoun t o f  da ta input for the 

ID50 es t ima t i ons by us ing the i nforma t i on genera ted f rom the previ ous 

challenge t r i al (Chap ter 6 ) . Al though the challenge dose in t he 

previous t r i al ( 1 . 63 x 108 ) had been s l ight ly d i f feren t to the 

corresponding dose i n  this t rial  ( 1 . 23 x 108 ) ,  this add i t i onal dose 

ra t e  could be eas i ly incorporated into the programme , s o  tha t  

informat ion from eight d i f feren t challenge doses could be used i n  

making t he ID50 es t imates . This increased the number  o f  animals in  

the analys is  to  178 , 45  from each o f  the con t rol , 2 s / c  and 1 i / p  

groups , and 43  from the 2 i / p  group . The ID50 e s t imates and 95% 

conf idence limi ts  that  resul ted from the analys i s  of t h i s  enlarged s e t  

o f  data are shown i n  Table 7 . 5  

When these f igures are compared to  those in  Table 7 . 4 ,  i t  can be 

seen that the e s t imates resul t i ng f rom the larger s e t  o f  data have 

smaller con f i d ence intervals , indica t ing tha t  the es t imates  themselves 

are more accurate . Thi s  is because of the larger number of ani mals 

i nvolved in  the es t imates . 
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Therefore , the bes t es t imates  tha t can be made o f  the ID50s from 

the informa t i on avai lable in this proj e c t  are those shown in Table 

7 . 5 .  

In t erms o f  the number o f  " s t andard ID50"  uni t s  ( i . e .  the ID50 

es t imate  of the con t ro l  group ) ,  the vaccina t ed groups had ID50s that  

were es t imated to  be as follows : 

1 i / p  group 71 x " s tandard ID50"  ( i . e .  71  x con t ro l )  

2 i / p  group 158 x " s tandard ID50" 

2 s/c group 716 x " s t andard ID50" 

Therefore , al though the d i f ferences between the vaccina t ed 

groups could no t be demons t rated to  be s t a t i s t ically s ign i f i can t , i t  

can be sugges ted that the double i n t raper i t oneal t echni que may be 

twice as effec t ive as the single i n t raperi toneal techn i que , and that  

u s ing two doses o f  vaccine admini s t ered by the subcut aneous me t hod may 

be ten t imes more effect ive than us ing a s ingle dose of vaccine 

adminis tered by the i n t raperi toneal technique . 

�hi chever me thod o f  vaccinat ion was used , i t  s igni f i can t ly 

increased the dose tha t  would be needed to infect 50% o f  the animals 

above that whi ch would have been requi red had the animals no t been 

vaccina t ed a t  all . The magni tude o f  t h i s  increase , however , depended 

on the me thod of vaccinat ion that was used . 
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Table 7 . 4  

Brucella ovis ID50 Es t ima t es And The i r  95% Confidence L i mi t s  

For Unvaccina t ed Rams And For Rams Vacc i na ted Ei ther Once 

By The Int raperi toneal Me thod , Twice By The Int raperi t oneal 

Me thod Or Twi ce By The Subcu t aneous Technique 

Es t ima t ed By The LOGIT Trans forma t ion . 

T rea tmen t 

Group 

Lower 95% 

Con fidence L imi t 

ID 50 Upper 95% 

Confidence Limi t 

con t rol 1 . 7  X 104 9 . 8  X 104 5 . 4  X 105 

1 i / p  6 . 6  X 106 4 . 1 X 107 

2 i / p  2 . 0  X 106 8 . 1  X 107 

2 s / c  9 . 4  X 107 9 . 0  X 108 
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Table 7 . 5  

Brucella ovis ID50 Es t ima tes  And The i r  95% Confidence Limi t s  

For Unvacc inated Rams And For Rams Vaccina t ed Ei ther Once 

By The Int raperi toneal Me thod , Twi ce By The In t raperi toneal 

Me thod Or Twi ce By The Subcu taneous Technique 

Es t imated By The LOGIT Trans forma t i on . 

Treatmen t 

G roup 

Lower 95% 

Conf i dence Limi t 

ID 50 Upper 95% 

Confidence Limi t 

con t rol 9 . 5  X 104 

1 i / p  6 . 7  X 106 2 . 9  X 107 

2 i l p  3 . 2  X 106 6 . 2  X 107 

2 s i c  6 . 8  X 107 
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Palpa t ion 

Of the 1 38  rams challenged , 25 ( 18%) developed epididymi t i s . 

Two of  the rams whi ch developed les i ons did no t excrete Brucella ov is  

in  the i r  semen . O f  the  38 rams tha t excre ted the  organ i sm t herefore , 

2 3  ( 61%) developed epididymi t i s . The problems o f  i n terpre t i ng the 

findings of  a phys i cal examina t ion o f  the geni talia  have been 

d is cussed previ ously ( Chap ter 6 ) . In  each of  the four t reatmen t 

groups , t he f i rs t  les i ons were detec ted seven weeks after  challenge . 

The magni tude o f  the challenge dose did no t appear t o  have any 

s i gn i f i can t effec t  on the p ropor t ion of infec ted rams whi ch developed 

les ions o f  e p i d i dymi t i s . 

Semen Smears 

Of  the 138 rams that were challenged , 32 ( 23%) had ac id-fas t 

bacteria  detec t ed in  the i r  semen on  a t  leas t one occas i on a f t e r  

challenge . Brucella ovis was i sola t ed from 40 semen samples 

origina t i ng from 38 rams . Of  these 40 samples , 33 ( 8 2 . 5% )  were found 

to con tain  acid-fas t bac teria  during micros cop i c  examina t i on of a 

Mod i f i ed Zi ehl-Neelsen s tained s emen smear . 

The semen o f  infec ted rams , i n  con t ras t to  the creamy appearance 
of  normal semen , was of ten a t h i n , s l igh t ly cloudy , colourless fluid 

con taining clots  o f  purulent exudat e  (Plate 7 . 1 ) . 
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Pla te  7 . 1  

Semen samples from rams challenged by the i n t ravenous 

adm i n i s t ra t ion of  Brucella ovis  bac teria.  The s ample at  

the t o p  of  the pho tograph shows the normal appearance of  

s emen f rom an uninfected ram . The moving s perma t ozoa make 

pa t terns form in the liqu i d . The two samples b elow are 

f rom i n fec ted rams , and cons i s t  of  purulent exudate 

suspended in  a cloudy flui d  composed mainly o f  accessory 

s ex gland secret ions . 
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DI SCUSSION 

In the previous challenge trial ( Chap ter 6 ) , no s igni f i can t 
increase in res i s tance due to  vaccinat i on could be demons t rated i n  

rams challenged using 1 . 63 x 108 Brucella ovis organi sms adminis tered 

by the int ravenous route . The only d i fference observed i n  the 

vac c i na t ed animals was an i ncrease i n  the " incubat ion period"  before 

excre t i on of bac teria in the semen began . In  this presen t  exper imen t ,  
(\OC'\ 

however ,  approximately 51% of  the vaccinated an imals became infec t ed A 
a fte r  challenge , bu t only 1 9% o f  the vaccinates . Thi s  d i f ference was 

h i ghly s i gni f i can t ( P<O . OOl ) .  This reaffi rmed that the vaccine has a 

s igni f i cant bene f i cial effec t , removing some of the doub t s  rai sed by 

the f i nd i ngs of  the previ ous exper imen t ( Chap ter 6 ) .  

Serologi cal Response to Vaccina t i on 

Following vaccinat ion , the mean complemen t fixat i on t i t res o f  

rams vacci nated i n  d i f feren t ways developed i n  exac t ly t h e  same 

pat te rn as had been seen in  all t he o ther trials i nvolving vacci na t i on 

( Chap t e r  3 ,  Chapter  6 ) . There d i d  no t appear to be any obvious 

rela t ionship be tween the serologi cal t i t re of  an i ndividual ram a t  the 

t i me of challenge and the l ikelihood of subsequent infect i on .  Sorue 

rams hav i ng the maximum t i t re s core of 24 became infect ed , and some 

rams h av i ng very low t i t res when challenged res i s ted i n fe c t ion . 

Pos s ib le reasons for this i ncons i s tency have been d i s cussed p revi ously 

( Chap t e r  6 ) .  

Serologi cal Response to Challenge 

All the unvaccinated rams which became in fec ted developed a 

pos i t ive react i on to the complemen t f i xa t ion tes t a f t er challenge . 

These  t i t res pers i s ted for the durat i on o f  the experimen t .  There were 

two rams that developed a pos i t i ve reac t i on to the tes t but  never 

excreted  Brucella ovis in . the i r  semen . Bo th of  these rams remained 

negat i ve to  the 

cha llenge , when 

complemen t fixa t ion tes t un t i l  ten weeks a f t e r  

o n e  had a t i t re of  4 2 and the o t her a t i t re o f  4 3  t o  
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the complemen t fixa t i on tes t ; react i ons whi ch had developed later  

t han t hose of  all  the  o ther rams wh i ch became pos i t ive . There i s  the 

poss i b i l i ty tha t these reac t ions could have been the resul t o f  natural 

exposure to infec ted rams , rather  than be ing the d i rec t resul t o f  

expe r i men tal challenge . At  the nex t tes t ,  1 1  weeks af t er challenge , 

one o f  t hese two rams s t i l l  had a pos i t ive t i t re of  4 3 , but the o ther 

had re turned to  nega t i ve s tatus . Thi s  type of t rans ien t serological 

response was also seen in  one of  the rams in  the p i l o t  t r i a l  
( Chap t e r  5 )  wh i ch also never excre t ed Brucella ovi s  i n  t h e  semen . 

This phenomenon , which was also no ted by Burgess e t . al .  ( 1982 ) i n  

flocks o f  na turally infec t ed rams in  Aus t ralia , was d i s cussed 

previ ous ly ( Chap t er 5 ) . 

The failure to isola t e  Brucel la ovis from the s emen in  both  the 

rams i n  this proj ec t  that d i s played this type of  t rans ien t sero logi cal 
reac t i on suppo r t s  the hypo thes i s  that these rams do no t become 

in fe c t ed , excre te  the organi s m ,  and subsequen t ly recove r ,  but  merely 

have a t rans ien t an t i body response when briefly exposed t o  bac t e r i a  

whi ch fai l to  es tablish an infec t i o n .  

T h e  o ther possibi l i ty t h a t  mus t be cons idered i s  t h a t  t hese 

t rans ien t responses migh t be false pos i t ive reac t i ons t o  the t �s t . 

Al t hough t here were three false pos i t i ve resu l t s  in t h i s  t r ial from 

unvac c i na t ed rams prior to  cha l lenge , this  explanat ion for the 

phenomenon des c r i bed is  unl i kely . 

There was cons iderable var i a t i on i n  t he t ime i t · took for  

individual unvacc i nated rams t o  become pos i t ive to  the  complement 

f ixat i on t e s t  a f t e r  challenge . Many , espec ially those i n  the h igh 

challenge dose groups , became pos i t ive to  the tes t wi t h i n  four weeks 

of challenge . All  the unvaccina t ed rams whi ch had B rucella ov i s  

i sola ted from t he i r  semen had a pos i t ive reac t ion to  t h e  t es t  b y  n i ne 

weeks a f t er challenge . Thi s  has implicat i ons for accred i t a t i on 
. 

programmes based on the Brucella ovis complemen t fixa t i on t es t . The 

requ i remen t of  the programme curren t ly in  use in  New Zealand t ha t  

tes t s  t o  qual i fy for accred i tat i on should b e  performed n o  less t han 

eight weeks apar t ,  is based on the commonly held premi s e  t ha t  the 

incuba t ion  period of  the d i sease i s  approxima tely eight weeks . From 
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the resu l t s  of  this  experimen t ,  i t  appears tha t  eight  weeks would 

encompass the incuba t ion per i od in the maj ori ty of  rams , but  a small 

propor t i on may take slightly longer to seroconver t .  Rams such as 

these may be the cause of a small number of " breakdowns " i n  

accred i t a t ion status . 

Diagnos i s  o f  Infe c t i on 

By the t ime Brucella ov is  was isolated from the i r  semen , all the 

unvaccinated rams had developed a pos i t ive reac t ion to  the complemen t 

fixa t i on tes t , con f i rming the h i gh sens i t ivi ty o f  this  s erologi cal 

tes t .  

Examina t i on o f  smears detected infect ion in  82 . 5% o f  s emen 

samples from whi ch Brucella ovis was subsequen tly isolated . All of  

the samples that had Brucella ovis detected in  the s tained smear had 

the organi sm isola t ed on cul ture , confi rming the super i o r i ty of  

cul ture over smears as a diagnos t i c  technique . 

Frequen t ly ,  infected animals delivered poor qual i ty s emen 

samples cons i s t ing mainly of clear fluid from accessory sex glands . 

These also s ome t i mes contained clo t s  of purulent mater ial . This  type 
of sample made i t  d i f f i cult  t o  p roduce a good qual i ty smear o f  t he 

corre ct  dens i ty ,  and the resul tan t  s lides were of l i m i ted diagnos t i c  

value . Any bac ter ia  present were reduced t o  such a low concen t ra t i on 

that they were almo s t  impossible  to f ind on mi crosco p i c  examina t i on .  

Thi s  was a maj or cause o f  nega t ive resul ts  in  the smear tes t o f  s emen 

samples f rom whi ch Brucella ovis was isolated . 

Of  the semen samples from whi ch Brucella ovi s was i sola ted , only 

45% came from rams wh i ch had epid idym i t i s  at  the same t ime . Of the 

rams that excre ted the organi s m ,  only 61% developed epididymi t i s  

during the experimen t .  This reemphas ises the danger o f  rely i ng solely 

on palpa t i on as a bas is  for the d i agnos is of  infec t i on i n  i nd i v i dual 

an imals . 
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The bes t me thods o f  diagnos ing infec t i on , therefore , were the 

cul ture o f  semen and the complemen t f ixa t i on tes t .  Di rec t m i c roscopi c  

exami na t i on o f  semen smears alone can b e  expe c t ed t o  underes t imat e  the 

number o f  ani mals excre t ing the organism by abou t 20% , and a s ingle 

phys i cal examinat ion of  the gen i talia may underes t ima t e  i t  by up to 

55% . 

The cul t ure of  semen samples , a l though labour- i n t ens i ve , i s  a 

good diagnos t i c  technique provi ded the quali ty o f  the samples is  good . 

In the early s t ages of  infec t i on ,  large numbers o f  bac t eria are 

presen t in  the semen , and a pos i t ive d i agno s i s  can be ob tained wi t h i n  

four days o f  t h e  sample havi ng been collec t ed .  However ,  a negat ive 

resu l t  i s  more d i f f icult  t o  i n t erpre t ,  and a d i r ty sample  resu l t ing in 

con taminat ed p la t es g ives no informa t i on at all .  In t e rmi t ten t 

shedding o f  the bac teria i s  known t o  occur i n  chroni c  cases 

( �o r thing t on e t . al . , 1 985 ) , and some i n fec t ed animals might  no t be  

de t ec ted by the cul ture of  a single s emen sample . 

The fact tha t  some of  the rams began to  shed Brucella ovis  

bac t eria  i n  their  semen wi thin  three weeks of being challenged has 
some i n t eres t ing imp l i cat ions for the appl i ca t i on of  accredi t a t i on and 

erad i ca t ion  programmes . In this  exper i men t t he chall enge was g iven by 

t he i n travenous rou t e ,  and infec t i on by natural means would p robably 

have a longer incubat ion per i od . I t  is  never theless c lear tha t  t o  

erad icate t he d i sease from i n fec t ed flocks , frequen t t es t i ng a t  

i n te �vals o f  two t o  three weeks i s  very des i rable . 

There were some animals whi ch d i d  not  begin t o  excre t e  the 

organi sm un t i l  ten weeks after  inocu l a t i on .  Thi s  i nd i ca t e s  t ha t  the 

commonly accep t ed eigh t -week incuba t ion  peri od of  the d is ease may be 
exceeded i n  some cases . This  may be s i gn i f i can t for accred i t ed f locks 

i n t roducing new rams . An eigh t week " quaran t ine" period dur i ng whi ch 

t he new s tock are isolated from o ther animals may in  s ome cases be 

insuf fi cien t . There is  the poss i bi l i ty that  although the rams are 

f ree o f  serologi cal and bac teriologi cal evidence of  the di sease a t  the  

end o f  t h i s  period , they may subsequen t ly become excretors , 
re in fec t ing the flock t o  whi ch they are then i n t roduced . 

2 1 9. 



E f fect  o f  Challenge Dose 

The t o tal number of  Brucella ov i s  bac t eria  to whi ch an animal 
was exposed influenced the ou t come of the challenge in  several ways . 

In  regard t o  the serologi cal response , the greater the number  o f  

bacteria in  the challenge dose , the grea ter the propor t i on o f  ani mals 

whi ch developed a pos i t ive reac t i on to  t he complemen t fixa t ion t es t . 

A h igher challenge dose also reduced the t ime i t  took for the ani mals 

t o  develop a pos i t ive t i t re after challenge . 

When cons idering infec t i on r a t es , i t  was no t ed , no t 

surpris ingly , that more animals became in fected a t  the higher 

challenge doses . Also , the t ime be tween challenge and the i so la t i on 

o f  Brucella ovis  from the semen was reduced as the challenge dose 

increased . 

In t he natural s i tua t i on therefore , the variab i l i ty  seen i n  t he 

incuba t ion period o f  t he disease , and in  the morbid i ty i n  d i f feren t 

flocks could be explai ned , a t  leas t in  par t , by d i f ferences i n  the 
" s everi ty"  of  challenge to which the ani mals have been exposed . 

E f fect  of Vaccina t ion 

I t  was demons t ra t ed in  the prev i ous exper i ment ( Chap t e r  6 )  t ha t  

prior  vaccinat ion  delayed the ons e t  o f  bac t erial excre t ion i n  the 

semen after  challenge . This  effect  was con f i rmed by the resul t s  o f  

t h i s  experimen t .  The f i rs t  i sola t i on o f  B rucella ovis f rom an 

unvaccina ted ram was made three weeks a f t er challenge , whereas i t  was 

f i ve weeks before the f i rs t  isola t i on was made from the rams 

vaccina ted by the i n t raperi toneal t echnique , and seven weeks before 

in f e ct ion was confi rmed in  the rams vaccina t ed by the subcut aneous 

rou t e . Poss i ble reasons for this e f fe c t  were d i s cussed in  Chap ter  6 .  

Vacc i na t ion  also reduced the numbers o f  rams succumbing t o  

infec t ion .  Al though the small numbers o f  ani mals i nvolved made i t  

d i f f i cul t t o  show s ta t i s t i cal sign i f i cance , i t  was s t rongly sugges t ed 

_ that  the e f f i cacy o f  t he subcu taneous rou t e  was grea ter  t han t ha t  o f  
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the i n t raperi t oneal me thod , and tha t  two doses o f  vaccine , a t  leas t 

when admini s t ered by the i n t raper i toneal me thod , were more effect ive  

than one dose given by  that  rou t e .  

M i n i mum Infec t ive Dose 

For unvacc i nated an imals , the minimum i n t ravenous i nfec t ive  dose 

o f  Brucella ovis was remarkably low . A mere 1 , 230 bac teria  were 

s u f f i cien t  t o  cause infec t ion in  one animal . 

Vacc ina t ion appeared to  raise this  minimum infect ive dose 

cons iderably . When one or two doses of  vacc ine were given by the 

i n t raperi toneal t echni que , rams did  no t become infe c t ed un t i l  a 

challenge dose of  1 . 2 3 mi llion bac teria were used . 

Two doses o f  vaccine admini s t ered by the subcu t aneous rou t e  

raised this  threshold dose t o  123 mi l l i on bac teria .  

!050 

It is common for the e f f i cacy o f  a commercially produced vaccine  

to  be expressed in  terms of  the  number o f  s tandard ID50s or  1050s 

whi ch need to  b e  used before vaccina t ed animals wil l  succumb to  

challenge . The resul t s  o f  this  experimen t allow the e f f i cacy o f  the 

B rucella ovi s  vacc ine to  be expressed i n  this  way . In  the groups o f  

rams vacci na t ed e i ther once or twice b y  t h e  i n t raperi toneal t echn ique , 

t he mos t  suscep t ible animal t o  become infec ted did  so  a t  a challenge 

dose equivalen t to nearly 13 t i mes the es t ima ted !050 of the 

unvaccina t ed animals ( i . e . the s tandard ID50) . No animals were 

i nfec ted at the neares t lower dose , so i t  could be said that one or 

two doses of  Brucella ovis  vaccine admini s tered by the 

t echnique pro t e c t ed all an imals up to a dose o f  

1 . 3  ID50s . Thi s  does no t appear to  be a very 

p ro t e c t i on .  

i n t raperi t oneal 

approxima t e ly 

high level o f  
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For rams vaccina t ed twi ce by the subcu t aneous rou t e ,  a dose o f  

1 , 300 IDSOs was requi red before any infec t i on occured . Thus , i t  could 

be said that two doses of vacci ne given by the subcu t aneous rou t e  

pro t ec ted an i mals up  t o  a dose o f  approxi mat ely 130 IDSOs . 

A s i mi lar p i c t ure o f  the compara t ive effec t iveness o f  the three 

d i f ferent vaccina t ion t e chniques was revealed when the IDSO es t i ma t es 

o f  the groups were expressed in te rms of  s tandard IDSOs . 

Using t he upper con f idence limi t o f  t he " s t andard ID50"  of  

unvaccinated rams , and the lower conf i dence limi t s  o f  t he IDSO 

es t imates for each o f  the three vaccinated groups , the mos t 

conservat ive es t imates o f  the e f f e c t s  o f  each vaccina t ion regime can 

be calculated . These ind i cate that one dose o f  vaccine admi ni s t ered 

by the i n t raper i t oneal technique rai ses the IDSO by at leas t three 

t i mes , two i n t raperi toneal doses rai se  i t  by at leas t s even t i mes , and 

two subcut aneous doses rai se i t  by a t  leas t 37 t i mes that  o f  

unvaccinat ed an imals . 

These d i fferences be tween the var i ous me thods o f  vaccinat i on 

could no t be  shown to  be s ta t i s t i cally s i gn i f i can t .  However , when the 

t o t al percent ages of  rams to  become infec t ed in  each t reat ment  group 

were compared , the d i f ference be tween the 2 s/c group and the con t rols  

was found t o  be much more s ta t i s t i cally s igni f i cant ( P<0 . 001 ) than the  

d i fference be tween ei ther of  the  i/p  groups and the con t rols ( P<O . OS ) . 

The relat ive e f f i cacy o f  the d i f feren t me thods of vaccina t i on was 

reflec t ed i n  the cons i s ten t  p a t t ern of serologi cal d i fferences 

demons t rated i n  bo th t he serologi cal  i nves t iga t ion (Chap t e r  3) and the 

previous challenge t r ial ( Chap t er 6 )  as well as this experimen t . Thi s  

uni form cons i s t ency s t rongly suppo r t s  t he hypo thes i s  that  real 

d i f ferences exi s t  be tween the var ious t echniques . 

The reasons for the lack o f  s t a t i s t i cal s i gn i f i cance can 
. 

probably be explained by the low numbers o f  animals con t ribut i ng t o  

t h e  IDSO es t i mates , and t he wide range o f  challenge doses that had t o  

b e  used because o f  a lack o f  any prior  es t i ma tes on where t he 50% end 

po i n t  was l ikely to l i e . 

ani mals in  . the l ower 

This  mean t tha t  large numbers o f  vacci na t ed 

challenge dose groups were "was t ed " , as no t 
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becoming infec ted , they con t ri buted li t tle  to the es t ima t i on o f  t he 

ID50 . Now that the approxima t e  ID50 of  the various groups i s  known , 

i t  would be eas ier  to  ge t a more accura te es t i mate  by t es t ing larger 

numbers of  animals over a small range o f  challenge doses lying close 

o n  ei t her s ide o f  the es t i ma t ed ID50 . I f  this was done , a 

s ta t i s t ically s igni f ican t d i f ference in t he ID50s of  rams vaccinated 

i n  di fferen t ways would in  all probab i l i ty be demons t ra t ed . 

Challenge Dose in  Na tural Transmi s s i on 

An obvious ques t i on to  be addressed when cons idering t he 

i n fec t ive dose o f  organisms to be used i n  an experimental s i tua t i on 

i s :  what numbers o f  bac t eria are i nvolved in na tural challenge? As 

t he bac teria  are excre ted in semen , and as na t ural t ransmiss i on occurs 

by d i rect  con tac t (Brown e t . al . , 197 3 ) , v enereal transmiss ion through 

homosexual ac t i v i ty  is commonly acce p t ed to be the mos t likely me thod 

o f  ram- to-ram infect ion . This type of  ac t i v i ty be tween rams was 

frequen t ly s een to occur spon t aneously i n  the paddocks among the 

an imals in  this experimen t .  Thi s  being so , several fac tors would 

t herefore be expe c t ed t o  have an effect  on  the number of  bac t eria  

i nvolved in  natural exposure . These inc lude : the concen t ra t i on o f  

bac teria  i n  the semen , whi ch i s  affec ted by the durat ion o f  infec t ion 

and t he phenomenon of  i ntermi t ten t  excre t ion ; the volume o f  the 

ej aculat e ;  the frequency o f  homosexual con tac t ; the permeab i l i ty o f  

t he rec tal mucosa ; and the nature o f  the rectal  cont en t s . 

I t  would seem reasonable to  assume t ha t  a much larger number o f  

bac teria  would be requi red to  achi eve i nfect i on b y  this  rout e  t han 

were needed when the bac teria were placed direc t ly i n t o  the b lood 

s t ream , as was the case in  this experimen t .  

To es tabl i sh some in forma t i on concerning semen as a source o f  

in fec t ive bac t e r i a ,  a viable coun t of  Brucella ov i s  organi sms was 

car r i ed ou t on a semen sample ob tained by e lec t roejaculat ion from one 

o f  the unvaccina t ed rams in  this t r ial nine weeks after  challenge . 

Thi s ram , in  the early s tages o f  an acu te  i n fec t i on ,  was found t o  be 

shedding approximately 1 x 109 Brucella ovi s  bac teria  in  each 
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m i l l i l i tre of semen . As the average volume of  

collected by elec troej aculat ion i s  2-3ml (Gunn 

e p i s ode of homosexual contac t could depos i t  up to 

a ram ' s  ej aculate  

et . al . , 1942 ) ,  one 

at leas t 3 x 109 

Brucella avi s bac teria  or , expressed ano t her way , 3 1 , 579 " s t andard 

ID50 s "  in  the rec tum of  a suscep t i ble ram . 

Buddle ( 1958 ) found tha t none of  the me thods of  vacc i na t i on 

aga i ns t Brucella avis  infec t i on tha t he tes ted  under natural challenge 

cond i t i ons was 1 00% effec t ive in preven t ing infec tion . The s ta t us o f  

the current ly used vaccine i n  this respec t i s  unknown bu t some 

proj e c t i on can be made by cons ider ing the mos t  resis tant rams i n  t h i s  

exper i men t .  The group of  rams vaccinated t w i ce b y  the subcu t aneous 

rou t e  had an es t i ma t ed ID50 equivalent to 7 1 6  " s tandard ID50s " .  Even 

allowing for the large propor t i on of  bac t e r i a  that would be preven t ed 

from reaching the b lood s t ream by the phys i cal barrier o f  the rectal  

muco s a ,  the poss i b i l i ty s t i l l  exi s ts that , i n  certain ci rcums t ances , 

suf f i cient  challenge could be experienced from natural t ransmi s s i on as 
to cause infec t i on even in vaccinated an i mals . 
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CONCLUSION 

1 )  The number of Brucella ov is  bacteria requi red to cause 

infect ion in 50% of suscep t i ble unvaccina ted rams when admi n i s tered 

i n t ravenous ly ( i . e .  the int ravenous ID5 0 )  is est imated to be 

approximately 9 . 5  x 104 , wi th 95% confidence limi ts  of 1 . 8  x 1 04 and 

4 . 9  X 10 5 • 

2 )  One dose o f  Brucel la ovis vac c i ne admi nis tered by the 

i n t raperi toneal me thod increases the ID50 by approximately 71 t i mes . 

Two doses of  vacci ne adminis tered in this  way increase i t  158 t imes . 

Two s paced doses of Brucella ovis  vacc ine admini s tered by t he 

subcu taneous rou te  i ncrease i t  7 1 6  t i mes . 

3 )  In unvaccina ted rams , an int ravenous challenge dose as low as 

1 , 230 bac teria is suf ficien t to cause infec t i on . 

4 )  Increas i ng the challenge dose increases the propo r t i on o f  

rams in fected and decreases the incubat i on period before Brucella ovis  

i s  excret ed in  the semen . 

5 )  Vaccina t i on reduces the proport i o n  o f  �ams infect ed and 

increases the incuba t ion period before the o rganism is excre ted in the 

seme n . 

6 )  At high chal lenge doses , even vacci nat ed animals become 

infected . Thi s threshold occurs at  lower doses for rams vaccinated by 

the i n t raperi toneal techni que than i t  does for those vacci na t ed twi ce 

by t he subcu taneous me thod . 

7 )  Under cer t ain  circums tances , natura l  challenge could cause 

infect ion even in vaccina t ed rams . This i s  more l i kely to  occur i n  

ani mals vaccinated once than i t  is  i n  those vacci nated twi ce . 

also more l ikely to occur in  those rams vacc inated 

I t  i s  

by the 

int raper i t oneal t echn i que than it is i n  t hose vacci nated by the 

subcu taneous method . 
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8 )  Us ing two s paced doses of Brucella ov is vaccine given by the 

subcu taneous rou te  is a more effe c t i ve way of pro tec t i ng animals 

agains t infec t i on than us i ng a s i ngle dose of vaccine given by the 

i n t raperi toneal t echn ique . 
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Vaccina t i on o f  rams 

con t ro ll ing Brucel l a  ovis 

considerable deba t e  over 

GENERAL DI SCUSSION 

has long been used as a me t hod o f  

infect ion . In recen t years , there has been 

the ra t i onal use of  the inac t iva t ed 

arucel la ovis vaccine avai lable in  New Zealand , whe ther a s ingle dose 

is  sufficient , and wha t rou t e  o f  adminis t ra t ion  should be used . There 
was concern about  t he e f f i cacy and adverse e f fec t s  o f  the various 

procedures being used . Of  these procedures , the two mos t common were 

the s ingle-dose i n t raperi t oneal techni que and the two-dos e  

subcut aneous me thod . Thi s  proj ect was undertaken to  evaluat e  t he 

var i ous t echniques used in order to t ry t o  resolve some o f  t he 

confus ion surrounding t he use o f  t he vaccine . 

The ques t i on o f  whe ther vaccinat i on should be undertaken a t  all  

is  a con ten t i ous one . The avai lab i l i ty o f  rel i able serolog i cal 
di agnos t i c  tes t s , such as the Brucella ovis complemen t f ixa t ion t es t 

and the enzyme l inked immunosorbent assay ( ELISA) make eradicat i on o f  

t h e  d i s ease o n  a farm , dis t r i c t  o r  even a na t ional bas i s  a prac t ical 

op t ion . For example , thl s approach has been t ri ed w i th  great success 

in  Tasmania  (Ryan , 19 64 ) . I n  the long t erm , nat i onal erad i ca t ion may 
be t he bes t solut i on , as i t  would eliminate the need for cos t ly 

cont rol programmes i nvolving repeat ed serologi cal tes t i ng ,  t he culling 

of  affec t ed rams and , in some cases , vac c i na t ion . A nat ionwide 

erad i ca t ion scheme , however ,  requi res much o rgani s a t ion ,  and i n  the 

sho r t  t erm is  qui t e  cos t ly .  Because vaccina t ed animals reac t to  the 

serologi cal tes t s  i n  the same way as infec t ed ani mals , vaccinat i on 

wou ld have no place i n  such a scheme . 

I n  New Zealand , a volun t ary accred i tat i on scheme has been used 

for several years as a method of ovine brucellos i s  con t rol . The 

obj e c t ive of this  programme is to iden t i fy unin fec ted flocks , and i t  

is  a imed pr imari ly a t  ram breeding flocks , a l t hough o thers are no t 

excluded . In the case o f  f locks found t o  be infected at  an ini t i al 

t es t ,  the farmers concerned may under take to follow a pol i cy of 

erad i ca t ion . Th i s  en t a i ls t he iden t i f i ca t ion of  i nfec t ed rams by 
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serolog i cal and o t her tests , wi th appropri a t e  act ion being taken un t i l  

freedom from infect ion i s  ach ieved . Such schemes have been wel l  
received , par t i cularly by farme rs producing rams for sale . Recen t l y ,  

the New Zealand Minis try o f  Agricul ture and F i sher i es , together wi th 

the New Zealand Veterinary Associat ion and sheep i ndus t ry 

representatives , agreed on a set of gu idel ines for the opera t ion o f  

the flock accred i t a t i on scheme . These guidel ines have been produced 

as an "Aglink" pub l i ca t i on , and should help to s t andardi s e  the 

procedures throughou t New Zealand . 

I n  spi te o f  the success o f  volun tary s chemes in  elimi na t ing 

infec t i on in  many flocks , to tal eradica t ion is d i f f i cu l t  to  achi eve on 
some proper t i es , especially those in  areas where large commercial 

flocks exis t .  The reasons for d i f f i cu l ty i nclude poor fencing , 

infec ted neighbour i ng f locks , poor s t ock con t rol , ex tremely large 

numbers of  animals run on ex tensive areas , geographi cal isola t i on ,  

lack of  funds o r  labour , and farmers who are no t i n teres ted i n  the 

scheme . In such s i tua t i ons , and whi le there i s  no o f fi cial pol i cy o f  

nat i onal erad i ca t ion , vaccina t i on remains a use ful  me thod o f  

con t roll i ng the disease . The e f f i cacy o f  this  vacci ne ,  however has 

some t imes been brough t i n t o  ques t i on ( e . g .  Bruere , 1 9 8 2 )  

I t  is  known that t he organ i sms caus ing some diseases exi s t  a s  a 

number o f  d i fferen t an t i geni c  types . Because i mmunizat i on agains t one 
type does no t necessar i ly pro tec t agains t the o t hers , vaccines agains t 

these d i s eases mus t i nclude several di fferen t types o f  the organ i sm i n  

order to  b e  effec t ive . The Brucella ovi s vaccine in  use i n New 

Zealand is made f rom two isolates of the organ i s m .  This  i s  presumably 

to reduce the l ikel ihood that the vaccine w i l l  fail  to pro t ec t  agains t 

any par t i cular Brucella ovis vari ant  tha t  a vaccina t ed animal may 

encoun ter . 

A l i mi ted s tudy of  Brucella ovis  i solates has been carried out  

in  Aus"t ralia us i ng an isoenzyme elec t rophores is 

workers could no t detect any gene t i c  variat ion in 

t echni que . These 

12 Brucella ovis  

isolates from var ious sources in  New Sou th Wales , Sou th  Aus t ralia  and 

Victoria ( A . J . M .  Bel f i eld and M . L . Adams , 1984 , personal 

commun i c a t i on ) . The results  of the bac terial res tri c t ion endonuclease 
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DNA analys is  ( BRENDA ) carried ou t on seven Brucella ovi s  isolates  

encoun tered in  this  current proj ec t , also sugges t that the  exi s tence 
of such gene t i c  var i an t s  i s  unlikely . Accord i ngly , the inclus i on of 

more than one " s t ra i n "  of Brucella ov is in  any vaccine prepara t i on i s  

p robably unnecessary . However ,  more ex tensive s tud i es us i ng a larger 

number of i solates and poss i bly several endonucleases are requi red for  

a more defini t ive answer to the  que s t ion o f  whe t her gene t i c  var i a t i on 

between Brucella ovis i so lates exis ts . 

For the purposes o f  this  s tudy , however ,  i t  was concluded t h a t  

t he var i ous isolates i nvolved were all gene t i cally s imilar , and t ha t  

t he vacci ne should therefore be capable o f  s t i mula t i ng spec i f i c  
i mmun i ty to  the challenge organism.  

The  Brucella avis vaccine has been used ext ens ively i n  New 

Zealand for at leas t t hree decades , bu t currently only about  7 2 , 000 

doses are used annually ( Y . G .  Orbell , 1984 , personal commun i ca t i on ) . 

I t  i s  qui te likely t h a t  one reason why volun t ary accred i t a t i on schemes 

were acce p t ed so read i ly by ram breeders was that t he al t erna t ive 

method of con t rol , vacci na t ion , was known t o  be associ a t ed wi t h  

u ns i gh t ly les ions a t  the s i te o f  subcu t aneous admin i s tra t i on i n  t he 

n eck , making rams una t t rac t ive t o  prospec t ive purchasers . 

I t  has been shown i n  this  s tudy tha t  rams vaccinated by t he 

s ubcu t aneous rou t e  i nvariab ly develop an inflammatory response a t  the  

s i te o f  i nj ec t ion , i rrespect ive of  the cleanliness o f  the technique 

used . The lesions are usually large enough to  be immed iately obvious 

t o  the eye i n  a shorn ani mal , and in  an unshorn sheep are eas i ly 

d e tec ted by running a hand over the neck . They are pers i s tent and 

mos t are s t ill  presen t a year af ter vaccina t i on . 

These subcu t aneous les i ons are chronic granulomat ous reac t i ons 

a rranged around dropl e t s  of the o i ly Brucella av i s  vacci ne .  A s imi lar 

reac t ion also occurs following the use of  o ther vaccines con taining an 

o i l-based adj uvan t . 
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Clearly , this type o f  reac t ion is  unacceptable to some ani mal 

owners , and this has implicat ions not only for the manufac turers of  

the Brucel la ovis  vaccine , but  also for the manufac turers of  o ther 

vaccines i ncorpora t i ng t h i s  type of  adj uvan t . If a vaccine was 

developed which produced the same protect ion but d i d  not  resu l t  in  

local vacc ine- induced les ions , i t  would have a d i s t inct marke t 

advan tage over the exi s t ing formula t i on . Thi s  is  an area o f  future 

inves t iga t i on whi ch may p rove to be of  considerable economi c as well 

as s c i en t i f i c  bene f i t .  The search for be t t er vaccine adj uvan ts is  a 

con t i nual one , as i llus t rated by a recen t paper by Afzal , Tengerdy , 

E ll i s , Kimberl i ng and Mo r r i s  ( 1984 ) which d i s cusses t he use o f  Vi tamin  

E as  an  adj uvan t in  a Bruce lla ovis  vaccine . 

In an at temp t to avoi d  the developmen t o f  v i s ible  reac t i ons to  

the vaccine , an i n t raperi toneal technique of  vaccina t ion has been 

advoca ted ( Quinlivan and Vallace 1975 , 1979 ) . Al though the me thod 

seems s imple enough to · f ollow , i t  has been demons t ra ted in  this  

proj ect  tha t in  over 50% o f  cases , the use o f  the i n t raperi toneal 
technique as described by both Thomson et . al .  ( 1969 ) and Quinlivan and 

Vallace ( 19 7 9 )  fails  to depos i t  the vaccine to t ally wi thin the 

peri toneal cavi ty . In  these cases , the vaccine may be depos i t ed 

be tween the muscle and the pari e t �l peri t oneum , or  wi thin the 

musculature of  the abdominal wal l  i tself . The reasons why this occurs 

could  be i nves t iga ted in the fu ture using endoscopic  techn iques to 

observe i n t raperi toneal i nj ect ions being made using needles of various 

length and diame ter . 

Regardless of  the s i t e  of  deposi t ion however ,  t he vaccine always 

provokes the same type of granuloma tous reac t ion as i s  seen at the 

subcu taneous i nj ec t i on s i t e  in the neck . A s te r i le per i t on i t i s  

f requen tly resul ts , whi ch may b e  severe , resul t i ng i n  fibrous 

adhes i ons be tween various abdominal organs . The les i on is pers is tent 

and almos t one-third o f  the rams vaccinated by the i n t raperi toneal 

techni�ue are found to have peri toni t i s when necrops i ed six  months 

later . 
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There is  the poss i b i l i ty that the peri toni t i s  and int ermuscular 

les ions result ing from the use of the int raperi toneal techni que migh t  

necess i tate  trimming o f  the carcasses when rams are s laught ered at  an 

abat to i r .  However , vaccinat ion is usually carried out only on rams 

wh ich are to be used for breed ing purposes . Thi s  type of an imal i s  

rarely sent for slaugh t e r  a t  an abat toir  and therefore this poten t ial 

p roblem would be a minor one . Never theless , such problems have been 

repor ted to occur following 

wh i ch presumably had not  

( Surve i llance , 1978 , 1980 ) . 

the 

been 

slaugh ter of groups of young rams 

sold for breed ing purposes . 

Although no obvi ous signs of  dis tress were observed i n  ani mals 

vaccina t ed by the i n t raperi toneal techni que , the extens i ve peri toni t i s  

observed in  some o f  the animals sugges ted that this  me thod o f  

vaccinat i on might caus e d i scomfor t .  No e f fort  was made to measure the 

pai n  caused by inj ec t i on ,  but i t  was noted nevertheless tha t when 

ani mals were vacci na t ed · by the intraperi toneal route  they s t ruggled 

more vigorously than those inj ec ted subcu taneously . The e f fects o f  

any pai n tha t occurs a s  a resul t of  vaccinat ion could b e  s tudied more 

ex t ensively in  the fu ture . 

In  spi te of the fact that th�re were no d i fferences in  the type 

of inflamma t i on provoked by the vaccine when i t  was adminis tered by 
e i ther the subcu taneous or the i n t raperi t oneal techni que , there was a 

d i f ference in  the serologi cal resp�nse to these two t echniques . Thi s  

d i f ference was demons t ra t ed cons i s t en t ly in  all three t r i als i nvolv i ng 

vaccina t i on ( Chap ters 3 ,  6 and 7 ) .  The rise  in  t i tre was more rapi d  
and the f i nal t i tre  level of  greater magni tude when the subcutaneous 

rou te of admini s t ra t ion was used . This d i f ference be tween the two 

. techniques was apparent in three d i fferent serologi cal tes t s  used to 

detect  ant i body to Brucella ovis . The cons i s tency of this d i f ference 

is evi dence of  i ts val i d i ty . 

the phys iologi cal bas is for this dispari ty in the serologi cal 

response to  the vaccine when i t  is  adminis tered by the two d i f ferent 

rou tes is unknown . It has been shown that the type of inflammatory 

reac t ion canno t account  for  this  d i fference , as i t  i s  s i m i lar at  both  

s i tes . However ,  there may be a d i f ference in  the speed o f  development  
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o f  this  local tissue reac t i on . The timing may d i f fer because o f  

d i f ferences i n  the blood supply t o  the two s i tes , but a more l i kely 

poss i b i l i ty is a d i f ference in  the e f f i ci ency o f  the lympha t i c  

drainage . These in teres t ing as pec ts of  the e f fec t of  s i te o f  

depos i t ion on the immunologi cal e f f i c iency of  a vaccine could be 

inve s t igated ei ther by us ing fluores cen t an t ibody techni ques , or by 

i nj ec t ing vacc ine whi ch has been labelled in  some way . This  would 

allow the s i t e of the ma terial in  the t i s sues to be det ermined a t  

vari ous t i mes after vaccinat ion . 

To obtain an adequa t e  immunological res ponse f rom a vaccine 

con taining killed organ i s ms , i t  is generally necessary to  give a 

second dose a few weeks af ter the f i r s t  ( Herbert 1970 ) . �hen the 

sugges t i on was made that the in trape r i t oneal technique o f  

admi n i s t ra t i on should b e  employed i n  order t o  avoi d  the vis i ble 

les i ons associated wi th t he use of  the subcu taneous rou te  ( Quinlivan 
and �al lace , 1975 , 1979 ) , the impl icat i on was that a s ingle  

i n t raperi toneal inj ec t i on of  vaccine would confer adequate  immuni ty 

aga ins t  infect ion .  The resul ts  reported here do not  suppor t  that 

conclus i on , but rather con f i rm the find i ngs o f  Buddle ( 1962 ) and 

Buddle e t . al .  ( 1963 ) that two doses of the vaccine are more e f fec t ive  

than one . This  finding is  d i f f i cult  to explain havi ng regard for the  

nature  o f  the  adj uvan t , the success of  which is  though t to  be  due a t  

leas t i n  part to the forma t i on o f  a long-lived depot whi ch s t imulates 

the i mmune sys tem over a prot rac ted period . I t  may be , however ,  that 

the small repeated doses of  an t i gen released are no t great enough t o  

t r i gger a secondary an t i body response of  the type whi ch can b e  read i ly 

demons trated in  rams given a second dose of the vaccine . 

A s i ngle-dose vaccinat ion regime is  obvi ously des i rable as i t  i s  

more convenient and less cos t ly .  I n  addi t i on , a two-dose programme i s  

some t i mes d i f f i cult  t o  organize , as the ins t ruct i ons i nd i cate that i t  

should begin four mon ths be fore the period o f  r i s k .  The manufac turers 

of the Brucel la ovis  vacc ine , Coopers Animal Health  N . Z .  Ltd , 

recommend that vaccinat ion should not  be undertaken closer than two 

mon ths before ma t i ng , and that two doses should be given at  leas t 

e igh t  weeks apart . Th is  la t ter recommenda t i on probably arose f rom the 

exper i ments of Buddle in  the  1950s , in  wh ich an eight week i n terval 
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b e tween the two doses of  vaccine was the shor tes t period i nves t iga ted . 

S ince tha t  t ime ,  there have been no t rials using the vaccine a t  
shor ter  intervals . 

t hei r rams un t i l  

f ind i t  di fficult  

i n terval . 

In  prac t i ce ,  farmers some t imes do no t obtain all  

close  to  the  t ime of  ma t i ng ,  and veterinarians then 

to  f i t  in  two vaccinat ions at  the sugges t ed 

I t  was discovered i n  this  proj ect tha t rams which received a 

s ingle dose of  vaccine admin i s tered by the subcu taneous rou te  

d eveloped maximal complement f ixat i on t i tres by  about s ix weeks after  

vaccina t ion . In  the  absence of  more de tai led work , there seems 

t herefore to be no reason why the second dose of vaccine in  a two dose 

r egime should no t be given approximat ely one mon th a f t e r  the f i rs t ,  

rather than having to  wai t e igh t weeks . 

Fur thermore , the complement fixa t i on t i t res o f  an i mals 

vaccinated twice were at a peak approxi mat e ly one mon th after the 
se cond dose of  vaccine had been adminis tered . This sugges t s  that a 

one mon th interval be tween vaccina t i on and the period of  r i sk may be 

a l l  tha t is  requi red . I t  may be , however , tha t  cell-med iated i mmuni ty 

d evelops more s lowly than the humoral response , and therefore that the 

animals should be allowed a longer period in  whi ch to develop t h i s  

i mmun i ty before bei ng exposed to challenge . However r this  s eems 
i unlikely to be the cas e . Kri s t ensen , Kri s t ensen and Lazary ( 1982 )  

s t ated that i n  general , the lymphocyte s t i mulat ion tes t i s  pos i t ive 

s ome days before the developmen t o f  detectable an t ibody , and that a 

maximum response usually o ccurs be tween 10 and 30 days after  the f i rs t  

applica t i on of  an t igen . This  tes t measures the i n-v i t r o  

t rans forma t i on of  lymphocytes in  response to a speci f i c  an t igen and i s  

o n e  way o f  evalua t i ng cell-med iated immuni ty . These resu l t s  i nd i c a t e  

t h a t  t h e  humoral and cell-mediated responses p robably develop 

s i mul taneously . In o rder to inves t igate this  ques t i on in relat ion t o  

s peci f i c  i mmuni ty t o  Brucella ovis , measuremen ts o f  cell-medi a ted 

i mmunrty , and challenge t r ials conduc t ed a t  vari ous intervals a f t e r  

vaccina t ion could b e  used . 
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There is  the pos s i bi l i ty that the admini s t rat ion  o f  the vaccine 

may cause a temporary deter iora t ion in the health of the animal o r  in 

the qual i ty of  the semen . If  this  i s  the case , an i n t erval o f  two 

mon t hs be tween vaccina t i on and ma t i ng may indeed be warran ted . 

A key ma t t er that mus t be cons i dered when plann ing vaccina t i on 

p rogrammes i s  the period when animals are a t  the greates t r i sk f rom 

i n fe c tion . The period of  r i sk is  p resumed by the manu fac turers of  the 

vaccine to  be at  mat ing . Frequen t ly ,  however , one o f  the grea t e s t  

r isk periods i s  when mobs o f  rams are mixed be fore ma t i ng commences . 

All the rams in this  p roj ec t  which were vaccina ted twice , us i ng 

the  convent i onal subcutaneous rou t e , re tained a pos i t ive reac t i on to  

the  complemen t fixat i on tes t and the  ELI SA test  for  over twelve 

months . It is  recognised that rams can maintain a pos i t i ve reac t i on 

t o  the complement fixa t i on t e s t  for at  leas t five years follow i ng 

vacci nat i on ( personal observat ion ) ,  a period which i n  New Zealand i s  

o f t e n  longer than the en t i re produ c t ive l i fet i me o f  the ram . In  the 

t ri al repor ted in  Chapt e r  3 ,  however , the an t i body t i t res o f  

vacc i nated animals were fal l i ng s t ead i ly one year a f t e r  vacci na t i on .  

Several ani mals that had b een vaccina ted only once had los t the i r  

p os i t ive t i t re s tatus , and even one o f  the rams vaccinated twi ce ( by 

t h e  i n t rape r i toneal me thod ) had rever ted to a " suspi c ious " complement  

f i xa t ion t i t re by the end of  the twelve months . 

I t  has been demons t r ated i n  Chapters 6 and 7 that rams 

vacci nated against Brucella avis infection may s t ill  be suscep t i ble to 

challenge . For thi s reason , i t  may be prudent to  cons ider annual 

r evaccinat ion for rams which are at high risk of infec t ion . Fur ther 

inves t igat ions o f  the long term e f fects  of vaccinat ion  are needed to  

d e termine i f  such revacci na t i on would be  of any real value i n  terms o f  

p r o t e c t i on f rom infec t i on .  Many rams in New Zealand a r e  only used f o r  

t w o  o r  three breeding season s , and a single two-dose vaccinat ion 

p rogramme may be suf f i ci en t  to protect  the maj or i ty o f  these rams 

th roughou t the i r  produc t ive l i fe .  
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An unfor tuna te but unavoidable consequence o f  revaccina t i on 
would be the addi t i on of  ye t ano ther local inflammat ory les ion a t  the 

s i te of vaccina t ion .  However ,  measuremen ts of the subcutaneous 

les i ons at the s i te of pr imary and secondary vaccina t i on i n  the neck 

sugges t  that  althoUgh the primary inocula t i on resul t s  in  a large and 

pers i s ten t les i on ,  subsequen t inj ec t i ons may resul t in smaller  les i ons 

whi ch resolve more qui ckly . Observa tions need to be made on larger 

numbers of  an i mals in o rder to  validate this sugges t i on .  

The d i f ferences be tween the serologi cal responses o f  rams 

vacc i nated in var ious ways were reflec ted by s imi lar d i fferences i n  

res i s tance to i n t ravenous cha l lenge . Although any form o f  vaccina t i on 

us ing the i nac t iva t ed B rucella ovis saline-i n-o i l  produc t 

s igni f i can t ly i ncreased res i s tance , two doses appeared to be mo re 

e f fec t i ve than one , and the subcutaneous techni que more e f fe c t i ve than 

the i n t raperi toneal me thod . The correla t ion be tween an t i body t i tre  
and resis tance in groups of  animals was not  always reflec t ed in  

ind i v i duals . Some ani mals wi t h  relat ively high t i t res succumbed to 

infect i on wh i l e  o thers wi th low t i t res were res i s tan t . However , i t  

should  be reemphas i sed tha t an t i body t i tres are not always correlated 

wi th protec t i on , s ince such fac tors as cell-med ia ted i mmuni ty and 
secretory IgA are also i mpor tant . In the case o f  Brucella ovis 

infect ions , cell-med iated immuni ty is  kncwn to be ext remely impor t an t  

in  the pro t ec t i ve response ( Co l l ins & Campbell 198 2 ) . 

The measurement o f  the cell-mediated response to  vacci na t i on 

aga i ns t Brucella ovis could be an area for future inves t iga t i ons . The 

ass o c i a t i on be tween this  aspe c t  of the response to vaccinat i on and the 
res i s tance to subsequent challenge may p rove to be much more d i rect 

than that be tween an t i body response and res i s t ance . Preliminary 

i nves t iga t i ons made dur i ng this  s tudy sugges t tha t the lymphocy te  

t rans format ion tes t , whi ch measures the i n-vi tro  t rans fo rmat ion o f  

lymphocytes i n  response to  a s peci f i c  an t i gen , may b e  a useful way of  

inves t'iga t i ng this  aspec t of the  immune res pons e .  
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The cell-mediated component o f  immuni ty may also be a factor i n  

the phenomenon o f  trans ient serologi cal responses to infect ion , whi ch 

were seen in  rams in Chapt ers 5 and 7 .  Al though these two rams 

rever ted to a nega tive an t i body t i t re ,  they may have retained a level 

of cell-med iated immuni ty . I t  would be of value in  fu ture 

inves t i gations to try to measure the cell-media ted response in  such 

ani mals and also to det e rmine t hei r response to  subsequen t challenge 

wi t h  Brucella ovis  bac t e r i a .  I t  may b e  that rams such a s  t h i s  have an 

inna te gene t i c  res is tance to i nfec t i on whi ch i s  sub s t an t ially great e r  

than that o f  o t her rams . 

Burgess e t . al .  ( 1982 ) cons i dered that i n  recen t ly infe c t ed 

flocks , a rela t ively high propo r t i on 

pos i t i ve to a complemen t fixa t i on tes t 

of  rams could be detected as 

al though they would never 

become excretors of  the organ i s m . These workers classed these resu l t s  

a s  '' false pos i t ive" reac t i ons and cons idered them t o  b e  the resu l t  o f  

"abo r t ive infec t i ons " .  Of  the 50 unvaccinated rams experimen tally 

infected in  the present  proj ec t , 35 ( 70% ) developed pos i t ive 

complement fixa t ion t i t res . Of these 35 , 32 ( 9 1%)  excre t ed 

Brucella ovis in their  semen . Two of  the rams which d i d  not  excre te  

the organism rever t ed to a nega t ive complemen t f ixat i on t i t re after  a 

sho r t  t i me .  The third was killed tNO weeks after  i t  developed a 

pos i t ive reac t i on to  the t es t .  Had i t  b �en allowed t o  l ive , there i s  

every poss i b i l i ty that i t  wou ld e i ther have rever ted t o  a nega t ive  

t i t r e  or , alternat i vely , begun to  exc:ete  the  o rgan i s m .  The 

conclus i on that has to be d r awn f rom these resul t s  is that t he 

correlat i on between a pos i t ive complemen t f ixat ion tes t and the 

excre t ion  of  B rucella ovi s  is very high . So-called " false pos i t ive" 

reac t ions resul t ing from " abor t i ve i n fect ions " are probably a minor 

p roblem i n  the i nterpre tat i on o f  serologi cal resul t s .  

From the results  repor t ed i n  Chap ter 7 ,  the bes t es t imate that 

could  be made o f  the number of Brucella ov i s  bacteria  requi red to  

in f e ct  SO% o f  unvaccinated rams following int ravenous i nocula t ion was 

9 . 5  x 104 organi sms . Tha t figure was increased to 6 . 8  x 107 bacteria  

following the adminis tration  of  two doses of  vaccine , given by  the 

subcutaneous rou t e ,  eigh t weeks apar t . Having regard for  the resu l t s  

o f  the various serology and cha l lenge t r ials , i t  was concluded that 
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the bes t me thod o f  vaccina t i ng rams agains t Brucella avis i n fec t i on 

was t o  admini s t e r  two spaced doses of  vaccine by the subcu taneous 

rou t e  in the neck . 

A more ex tensive study of  the concen t ra t i ons of  bac teria that 

may be p resent in  the semen of infected rams is  needed , bu t f rom the 

one sample  exami ned in  this proj ect , there was evidence tha t  a t  leas t 

3 x 1 09 bacteria could be depos i t ed in  the rec tum of  a ram by a s ingle  

ej aculat i on during one epi sode of  homosexual ac t iv i t y .  Allowing f o r  

the f a c t  that only a small propo r t ion o f  bac t eria is l i kely to  reach 

the b lood s t ream , there is  s t i ll a very real pos s i bi l i ty that even 

vaccina t ed rams may become infec ted  by na tural t ransmi s s i on .  Thi s  

conclus ion i s  suppor ted by the resu l t s  of  Buddle ( 1958 ) , who found 

tha t  even when the Brucella avis vaccine was used in  conj unc t i on wi th  

l ive B rucella abor tus Strain 19 , some rams s t i l l  became infec ted by  

natural challenge . There have also been occas ional repo r t s  of  

"vaccine b reakdown " associated w i t h  the  use of  the  contemporary 

vaccine (Bruere 1 982 ) . It would be unreasonable to expe c t  any vaccine  

to protect  100% of  the  ani mals on  wh ich it  is used . However , i f  

vaccina t i on agains t Brucella avi s  infect ion i s  to be undertaken , i t  

would be s ens i ble to  use the vacci ne i n  such a way as t o  allow i ts 
maxi mum e f fi ciency to  be expressed . The resu l t s  o f  these s tudies  

ind i ca t e  that the  bes t  technique i s  the  admini s t rat ion o f  two dos�s o f  

vaccine , a few weeks apar t , by the subcu taneous route . 

I n  this  p roj ec t ,  i t  was no t poss i ble to prove the exi s t ence o f  

any s t a t i s t i cally s igni f i can t d i f ferences be tween the rela t i ve 

res i s tances to i n fect ion produced by the various me thods o f  

vaccina t ion , desp i te such d i f ferences be ing s t rongly sugge s t ed . Now 

tha t  approximate  IDSO values for Brucella avi s  adminis t e red by the 

int ravenous rou te are known , the way is  open for researchers , using 

these parame ters as a bas i s , to de termine more accurate  es t imates o f  

the IDSO , and t o  con f i rm the d i fferences be tween me thods o f  

vaccinat ion wh i ch i n  all probab i l i ty ex is t .  
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APPENDIX 1 

MICROBIOLOGICAL METHODS 

A) Mi crobiologi cal Media 

1 .  Blood Agar 

a) Sal t bas e :  Dissolve 15g Agar and Sg Sodium Chlo r i d e  i n  one 

l i tre of d i s t i lled wa ter . Dispense into  400ml bo t t les . Autoclave 

15 minu tes a t  15 lbs pressure . Pour lOml in each s t er i le p e t r i  dish . 

b )  Blood base : Make up Columbia  Blood Agar Base ( D i fco ) as 

ins truct ed on  pack . Au toclave 1 5  minu tes at 15 lbs pressure . When 

cooled to 45 °C ,  add 5% defibrinated sheeps b lood . M i x . Pour 10-15 ml 

over the sal t base in each pe t r i  d i s h . 

For b lood agar slopes , use blood base . Pour lOml i n t o  a s te r i le 

Universal bo t tle and allow t o  s e t  a t  angle . 

2 .  Bruce l la ovis Selec t ive Med i um ( Modi f i ed Thayer-Mart i n  Agar)  

D i s solve 36g G . C . Med i um Base ( BBL) i n  600ml d i s t i l led water . 

Au toclave and cool to 57 ° C .  D i s s o lve lOg Haemoglob i n  ( BB L )  i n  400ml 
d i s t i l led water . Autoclave and cool to 57 ° C .  D issolve cont en ts of a 

lOml v ial o f  VCN Inhib i tor ( BBL) i n  lOml o f  s terile  d i s t i lled wa ter . 

Dissolve lOmg Ni t rofurantoin i n  lml d i s t i lled wa ter OR lml ace tone . 

Kee p i ng ingredients a t  57 ° C ,  combine all toge ther , then d i spense 

into s t e r i le disposable pet r i  d ishes . 

2 5 1 .  



3 .  Dex t rose Oxida t i on/Fermen tat i on Tes t Medium 

Dissolve 9 . 4g o f  O . F . Basal Medium ( D i f c o )  and 1g Yeas t Ext ra c t  

( Di fco ) in  one l i tre d i s t i lled wa ter . Adj us t pH to  7 . 0 . ,  d i s pense 

into 200ml al iquo ts  and autoclave 15 minut es at  15 lbs pressure . Yhen 

cooled to 5 6 °C add 10ml of 10% Sietz  F i l tered Dex trose (Di fco ) and 

d i spense in 6-10ml al i quo ts into  loose me tal-capped t es t  tubes . 

4 .  Heart Infus ion B ro th  

Add 25g Hear t In fus ion Bro th ( Di fco) to  one l i tre d i s t i l led 

wa ter . Dispense 3ml a l i quo t s  into bij oux j ars . Au toclave 15  minu t es 

a t  15 lbs pressure . 

5 .  McConkey Agar 

Make up McConkey Agar ( BBL) according to instruct i ons on labe l . 

D i spense into 400ml bo t tles , au toclave for 15 minutes at  15  lbs  

p ressure and dispense on to  plates . 

6 .  Mo t i l i ty Tes t Med i um 

Combine 16g Mo t i li ty Tes t Med ium ( D i fco ) , 4g Nut ri ent  Bro th  

( BBL) and 1g  NaCl i n  one l i t re d i s t il led wa t e r .  Immedi a t ely before 

d i s pens i ng into 15ml Uni versals , add 0 . 05g Te t razo l i um Sal t ( BDH ) . 

Au toclave in Uni versals 15  minu tes a t  15 lbs pressure . 

7 .  Ni t rate Reagent A 

Dissolve 0 . 2g o f  5 -amino 2-naph thalenesulfon i c  acid i n  30ml 

glacial ace t i c  acid and add to 1 20ml dis t i lled water . St ore away from 

sunligh t .  
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8 .  Ni t rate  Reagen t B 

Dissolve 0 . 5g sulfan i l i c  acid  in  30ml glacial ace t i c  acid and 

add to 120ml d i s t i lled water . S t o re away from sunligh t . 

9 .  Ni t rate  Tes t Medium 

Dissolve 25g Indole Ni tra t e  ( G i bco)  i n  one l i tre  deionised 

water . Dispense in  lOml aliquo t s  i n t o  Universal bo t t les con taining 

Durham tubes . Au t oclave 15 minu t e s  at  15 lbs pressure . 

10 . Oxidase Reagent (Kovac ' s  Reagen t )  

Dissolve 0 . 5g of  Te t rame thyl-p-phenylene-diamine-di hydrochloride 

in  lOOml d i s t i lled wa ter . S tore i n  a brown bot tle con taining a l i t t l e  

calci um sulpha t e , away from sunligh t . 

1 1 . Peptone Saline 

Dissolve lOg Pept Jne ( D i fco)  and 5g NaCl in  one l i t r e  d i s t i l led 

water . Di spense i n to lOOml bo t t le s  and au toclave . 

1 2 . Simmons Ci t ra t e  Agar 

Dissolve 24 . 2g Simmons Ci t rate Agar (Difco ) i n  one l i t re 

d is t il led water . Dispense in  3ml aliquo ts  into  b i j oux j ars . 

Au toclave 15 minu tes at  15 lbs pressure and allow to  slope on t rays 

whi le cool ing . 
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1 3 .  Trypt icase Soy Agar (TSA) 

Di ssolve 40g Try p t i c  Soy Agar ( Di fco ) i n  one l i t re 

wa te r . Dispense in Un iversals , Au toclave 15  minu tes 

p ressure , al low to slope on t rays wh i le cooling .  

1 4 . Urea Tes t Slopes ( Chri s t iansens Medium) 

d i s t i lled 

at  15  lbs 

a) Agar - Dissolve 15g Bacto  Agar in  one l i t re d i s t i lled wa ter . 

D i spense into  200ml b o t tles  and au toclave 15  minu tes at  1 5  lbs 

pressure . When blood heat add 30ml urea base to i t ,  then d ispense i n  

3ml aliquo ts  into  bij oux j ars and allow t o  slope whi le cooling .  

b )  Urea base - Di ssolve 

d i s t i lled wa ter . 

requi red . 

S t e r i l i s e  

2 9 g  Urea Agar Base ( BBL)  i n  100ml 

by f i l t rat ion and keep  in fr idge unt i l  
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B) Bi ochemi cal Tes t s  

These were the techniques employed in this study , some being 

mod i f i ca t ions of the approved me t hods . The incuba t ion was always 

carri ed out in an atmosphere of  10% C02 , as this was a requi rement for 

the grow th o f  the Brucella ovis organism.  

1 .  Ci t ra t e  U t i l i sat ion Tes t 

Inocula te sur face o f  c i tra t e  agar s lope us ing pure cul ture o f  

organ ism to be tes t ed . Incubate  a t  3 7 ° C  in  10% C0 2 f o r  u p  t o  s ix 

days . A pos i tive resul t is  indicated by growth of  the organism and 

the development o f  an in tense blue colour on the s lope . A negat ive 

resul t is i nd icat ed by lack of bac te r ial growth and t he colour of the 
med ium remaining green . 

Brucel la ovis resul t - nega t ive . 

2 .  Dex t rose Oxida t i on and Fermen tat i on 

Inoculate two tubes of  0/F dex t rose med ium us ing the o rgan i s m  to 

be tes ted , by s tabbing wi th an i noculat ing needle to wi thin  0 . 5cm o f  

the bo t t om o f  the medi um .  Seal o n e  of the tubes b y  overl aying wi th  

1-2ml o f  mel t ed pet rolatum to  exclude oxygen . Incubate a t  3 7 °C for up 

to  six days . A pos i t ive react ion is indi ca t ed by a change i n  the 

colour of the medi um from b lue/green to yellow . A colour change in 

the sealed t ube i ndicates fermen t a t ion of the subs t ra t e  by the 

organ i s m ,  and in the unsealed tube i t  indica tes oxida t i on .  

Brucella ovis resu l t  - no fermentat i on or oxidat ion , al though 

the unsealed tube became sl igh t ly d i scoloured at  the top , p robably as 

a resul t of t he h igh C02 level . 
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3 .  Hydrogen Sulph i de Tes t 

Inocula t e  the sur face of  a blood agar slope wi th the organ i s m  t o  

b e  tes ted . Suspend a s t r i p  of lead ace t a t e  paper above the s lope , 

bend ing the edge of the paper s t r i p  over the lip  o f  the bo t t l e  and 

secur ing i t  by replacing the cap loosely . Incubate at  37 °C i n  10% C02 
for up to seven days , replacing the lead ace tate s t ri p  daily . The 

produc t i on of  H2 S is  ind i cated by a brownish-black d i s coloura t i on o f  

the whi te lead ace tate pape r .  

Brucella ov i s  resul t - nega t i ve . 

4 .  Ni trate Reduc t i on Tes t 

Inoculate medium wi th  pure cul ture . Incubate a t  37 °C  i n  10% C02 
for f i ve days . Look for the presence of  gas i n  the Durham tube . I f  

gas i s  presen t and the organism i s  a non- fermenter  o f  glucose , the 

t e s t  is  pos i t ive for den i t r i f i ca t i o n ,  and is  comple ted . O therwi s e , 

proceed as follows : Add f i ve drops o f  Ni t rate Reagent A and f i ve 

d rops o f  Ni tra t e  Reagen t B .  I f  a red colour develops wi t h i n  1-2  

m i nu tes , i t  indi cates that  ni t ra t e  ( N03
- ) hrt s been reduced to  n i t r i t e  

( N0 2 - ) by the organism . I f  no colour develops , i t  i nd i ca t es that 

n i t r i t e  (N02
- ) is no t p resen t . If  this is the cas e ,  add a pinch 

( approximately 20mg ) o f  z inc powder to the cont en ts . I f  a red colour 

develops wi thin  f ive to ten minu t es , i t  i nd i ca t es that n i t ra t e  ( N03
- ) 

i s  present , and has no t been reduced by the organ ism . I f  no colour 

develops , i t  i nd i cates that the organ i sm has reduced n i t ra t e  t o  

n i t ri te and then further reduced n i t r i te t o  non-gaseous produc t s . 

Brucella ovi s  resul t - no gas produced , no reduc t i on of  n i t ra t e . 
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5 .  Mo t i l i ty Test 

I noculat e  wi th pure cul ture by s t abbing the cen tre o f  the med ium 

us i ng an inoculat ing needle to  a depth of  2cm .  Incubate  a t  37 °C for 

f i ve days . Mo t i l i ty is ind ica t ed by turbid i ty o f  the med i um or grow th  

s t reaks ou twards from the  s tab line , wi th a p ink colourat i on where the 

bac te ria  are growing . 

B rucella ovis resul t - non-mo t i le . 

6 .  Oxi dase Tes t 

P lace a p i ece of 'Wha tman No . l  f i l ter 

2-3 drops o f  oxidase reagen t  t o  cen t re o f  

w i re inocula t ing needle , smear a loopful 

paper in  a p e t r i  d i s h .  Add 

pape r .  Us i ng a pla t i num 

of  the colony onto  the paper 

in  a 3-6cm long line . A pos i t ive reac t i on is  i nd i ca t ed by the 

development of  a purple-black colour along the l ine wi t h i n  10 seconds . 

B rucella ovi s result - negative . 

7 .  Urease Tes t 

Inocula t e  surface · o f  urea agar slope wi th pure cul t ure . 

Incuba t e  two hours at room t empera ture and then for s i x  days at 37 ° C .  

A pos i t ive reac t i on is  indi ca t ed by the developmen t o f  an in tense 

p i nk-red colour on the slop e . If the medi um remains yellow , the 

result  is  nega t ive .  

B rucella ovis result - negat i ve . 
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C )  S taining Techn iques 

1 .  Gram Stain 

a) Fix slide us i ng gen tle heat . 

b )  Flood wi th 0 . 5% solu t i on of  Me thyl Viole t and leave for 30 

s econds . 

c )  Yash off  wi th tap water ,  drain . 

d )  Flood wi th Lugol ' s  Iod i ne and leave for 30 seconds . 

e )  Yash off  wi th tap water , drain . 

f )  Flood s lide wi th Ace tone and immediately wash o f f  wi th wa ter . 

Drai n . 

g )  Count ers tain by flooding wi th a 0 . 5% solu t ion of  Safran i n  for  

30 seconds . 

h )  Yash off  wi th tap water , drain and air  dry . 

Resul t :  Gram-pos i t ive o rganisms s t ain purple-blue . 

o rgani sms such as Brucella ovis s tain red-orange . 

2 .  Mod i fied Ziehl-Neelsen S tain 

a) Allow slide to  dry . 

Gram-negat ive 

b )  F lood slide w i th dilute  Carbol Fuchs i n  (a  10% solut ion o f  

concent rated Carbol Fuchsin)  and leave for t en m i nu t es . 

c )  Yash off  wi th tap water and drain . 

d )  Decolourise w i th  0 . 5% Ace t i c  acid for 15-20 seconds . 

e )  Yash off  wi th  tap wa ter and drain . 

f )  Coun ters tain wi th  a 1% solu t i on of  Methylene Blue for 30 

seconds . 

g )  Yash off  wi th tap wa ter , drain and a i r  dry . 

Resul t� Pos i t ive ( ac id- fas t )  organi sms such as Brucella ovi s  s t a i n  

p i nk-red . All o t hers s tain blue . 
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APPENDIX 2 

SEROLOGICAL METHODS 

A) The Complemen t Fixat ion Test 

Reagen ts 

1 )  Buffer - Verona! buf fered saline 

2 )  Complement Freeze-dried guinea-pig serum 

R i chardsons solu t i on ,  obtained from a commercial sour ce . 

t o  be used i n  the tes t i s  d e t ermined by t i trat ion . 

preserved i n  

The d i lu t i on 

3 )  Brucella ovi s  ant igen - Prepared at  Wallacevi lle by a process 

of heat-ex t ract i on of  Brucella ovi s  cells , described as the method for 

"An t igen 3" in  a repor t  i n  the New Zealand Ve terinary Journal ( An i mal 

Hea l t h  Div i s i on ,  1983 ) . The d i lu t ion to be used i n  the tes t i s  

d e termined by t i t ra t i on .  

4 )  Red Blood Cells - Sheeps b lood i s  colle c t ed i n t o  s terile  

b o t tles half  f i lled wi th Alsevers solu t i on and s t ored at  4°C .  The 

b lood is washed three t imes in veronal buf fered saline . The 

concen trat i on , determined by microhaema tocri t ,  is adj us ted using 
/ 

veronal buf fer s o  as t o  cont ain a 2% packed cell volume o f  red blood 

cells . The o p t i cal dens i ty of  a 1 / 30 d i lu t ion of t h i s  suspen s i on i n  

v eronal buf fer should b e  approximately 0 . 57 a t  541nm , and the o p t i cal 

dens i ty o f  a 1 / 16 d i lu t i on in d i s t i lled wa ter ( haemolysed ) should be 

approximately 0 . 34 at  541nm . A fresh 2% solu t i on o f  cells i s  prepared 

d a i ly . For use in  the complemen t f i xa t i on tes t ,  the 2% solu t i on i s  

d i lu t ed 50 : 50 w i th haemolys i n .  

5 )  Haemolys in  - A commercial source o f  haemolys in  i s  used . The 

o p t i mal d i lu t i on for use in  the tes t is determined by a haemolys i s  

t i trat ion . 
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Method 

1 )  On arrival at  Yallacevi lle , the sera in  t he i r  aut oanalyser 

cups are i nac t i vated by s tand i ng in a wa ter bath for 50 minutes at 

62 ° C - 63°C , to remove mos t of  the an t i complemen tary ac t iv i ty .  

2 )  A 50�1 al i quo t o f  s erum i s  placed i n  each o f  the f i rs t  1 1  

wells i n  the f i rs t  row o f  a micro t i tre plate , one well per sample . A 

50�1 aliquo t of  a s t andard serum i s  placed i n  the las t well o f  the 

row . 

3 )  Twen ty-f ive mi crol i t res o f  veronal buffered saline is  placed 

in all the remaining emp ty wells ( i . e  from the second row on ) .  

4 )  Doubling d i lu t i ons of  s erum , from 1 / 2  to 1 / 128 are then made 

across the plate us ing a s t i rrer-di luter machine , so that there are 

25�1 o f  d i luted serum in  each of the wells on the p la t e . 

5 )  To each well , 25�1 of  d i lu ted complemen t i s  added . 

6 )  To each well  from the thi rd row back , 25�1 of  d i lu t ed 

Brucella ovis an t igen is added . 

7 )  The plate i s  incubated a t  4°C  overnigh t , then left  on the 

bench for 30 minutes . 

8 )  To each well , 2 5�1 o f  the haemolys in/ red blood cell 

suspens i on is added , and t he plate is f i r s t  i ncubat ed s tanding for 15 

minu tes at  3 7°C , and then for a fur ther  15 minu tes using gen tle  

agi ta tion on a shaking machine , a t  37°C . 

9 )  The resul ts  are then read . The fi rs t  two rows , containing no 

an t igen , are checks for ant i complementary ac t ivi ty .  I f  bo th are 

pos i t iVe ( i . e . not  haemolysed ) ,  then the sample is cons idered 

ant i complementary and the resul t canno t be i n t erpret ed .  
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1 0 )  The resul t s  are read from the t h i rd row backwards . A 

reac t ion of  100% haemolys i s  i s  cons idered nega tive , 75% i s  a " + " ( 1 )  

reac t i on , 50% i s  a " + + " ( 2 )  reaction ,  25% i s  a " ++ + "  ( 3 )  reac t ion ,  and 

no haemolysis is a " + + + + " ( 4 )  react ion .  

1 1 )  A t i tre o f  less than 4 i s  considered " nega t ive" , a t i tre  o f  

be tween 4 . 1  and 4 . 3  i s  " suspicious" , and a ti tre  o f  4 2 or  more i s  

" pos i t i ve" . ( See Chap t er 3 for a descri p t i on o f  the repor t ing 

conven t i on ) . 

1 2 )  The s tandard s era in  the las t o f  the twelve wells should 

have a t i t re of between 4 . 2  and 42 2 .  

1 3 )  A s tandard serum plate i s  included i n  each batch o f  sample 

plates , i t  has three samples of the s t andard serum used i n  the las t 

well o f  all the plates , and nine other sera o f  known t i tre . 
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B )  The Enzyme Linked Immunosorbent Assay 

Reagen t s  

1 )  Brucella o v i s  An tigen - Hea t ex trac ted an t igen a s  used f o r  

the complement f ixat ion tes t .  

2 )  Phospha te Buffer - A buffer o f  pH 

360ml of O . lM Na2 HP04 , 140ml of O . lM 

wa te r , to make one l i t r e .  

7 . 2 , made b y  comb i n i ng 

KH2 P04 , and 500ml deioni zed 

3 )  Tween Phospha te  Buf fer - A buf fer o f  pH 7 . 2  made by comb i n i ng 

360ml o f  O . lM Na2 HP04 , 140ml o f  O . lM KH2 P0 4 , 9g o f  NaCl , 0 . 5ml o f  

"Tween 20" , lml o f  10% mer t hiolate , and 473 . 5ml deion i zed wa ter , t o  

make one li tre . 

4 )  Conj uga te  - Rabbi t  an t i-bovine IgG , conj uga ted t o  peroxidas e . 

I t  was diluted u s i ng Tween phosphate  bu f fe r .  The d i l u t i on o f  

conj ugate t o  be used i s  determined by t i t ra t ion . 

5 )  Subs trate  - A 1% solut ion of  Or tho-phenylenediamine ( OPD)  i n  

me t hanol was s to red a t  -20 ° C .  For use i n  the tes t ,  fresh subs t ra t e  

was prepared dai ly by combi ning 4ml of  the OPD solu t i on wi th lOOm! o f  

phos phate ci tra t e  buffer t o  whi ch 30�1 of  30% H2 02 had been added . 

6 )  Phospha t e  Ci t rate Buffer - A buffer o f  pH 5 made by comb i n i ng 

25 . 7ml of  0 . 2M Na2 HP04 , 24 . 3ml o f  O . lM c i t r i c  aci d ,  and 50ml o f  

deion ized wa ter . 
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Me thod 

1) Hicro t i t re pla tes are coated by adding 0 . 1ml of d i luted 

B rucella ov i s  an t igen in  phospha te buffer to each wel l . The o p t imum 

ant igen d i lu t ion is  determined by t i t ration .  The plates are incubated 

overn ight  ( about 18 hours ) a t  4°C . 

2 )  The plates are then washed three times in f lowing deionized 

wa te r , dried in a 37 °C incuba t o r ,  and s tored in sealed plas t i c  bags 

over ind i ca t o r  s i l i ca gel . 

3 )  Each serum to  be tes ted is  diluted 1 / 150 us ing Tween 

phosphate buf fer , and 0 . 1ml is p i pet ted into  a s i ngle well on the 

prepared pla t e .  The plate  i s  incuba ted for two hours a t  37 ° C ,  and 

then washed three t imes in f l owing deioni zed water . 

4 )  To each well , 0 . 1ml of d i lu ted conj uga te i s  added , and the 

plate  is  incuba ted two hours a t  37 °C and then washed three t i mes in  

deionized water . 

5 )  To each well , 0 . 1ml of d i lu t ed subs t ra t e  ( OPD)  i s  added , and 

a f ter 16 minutes the reac t i on i s  hal ted by the add i t ion  of 0 . 05ml o f  

1M HCl to  each wel l .  

6 )  The plate i s  then r ead i n  a plate reader us ing a 490nm 

f i l te r .  

7 )  The value allocated to each tes t serum i s  read f rom a 

regression l ine derived from the resul ts  of  various s tandard sera that 

are included on the plat e .  

8 )  Dur ing this s tudy , a read ing o f  0-69 uni t s  was considered 

" nega tive" , 70-89 un i t s  "suspi c i ous " and 90 uni ts or more " pos i t ive" . 
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C) Gel D i f fusion Tes t 

Reagen ts 

1)  Agarose Gel - This gel is  made o f  3 . 49g sod ium barbi tal , 3g 

NaCl , 3 . 75g glycine , 0 . 625g NaN3 , 0 . 25g CdCl and 0 . 45g " Li tex" HSA 

Agarose ,  d i s solved in one li t re of water . The pH is adj us ted to 7 . 5  

using HCl . 

2 )  Brucella ovis An t igen The supernatan t o f  a son i ca ted 

suspens ion of Brucella ovis cells i s  used as an ant igen , as desc r i bed 

by �or th i ng t on , �eddell and Penrose ( 1 984 ) . 

Me thod 

1 )  Four mi l l i l i t res of mol t en agarose gel is p i pe t t ed onto  a 

mi croscope s lide and allowed to  s e t . 

2 )  A cen t ral well 4mm in  d iame ter and six  ou ter wells 5 mm i n  

diame ter are cu t o u t  using a templat e .  Each outer well i s  4mm from 

the cent ral wel l . 

3 )  The cen t ral well is  f i lled wi th  20�1 o f  d i lu t ed ant igen . 

4 )  Two diame t r i cally opposed wells are f i l led wi th  50�1 o f  known 

pos i t ive serum ,  and the other four w i th 50�1 of a serum to be tes ted . 

5 )  The slide  is  incubated at  4 °C i n  a humid a tmosphere for  7 2  

hours . 

6 )  The sl ide  is  then read . Pos i t ive sera develop preci p i t i n  

l ines whi ch ma t ch up wi th the l i ne s  of  the known pos i t ive sera . Sera 

which give a " hook" on a pos i t i ve con t rol line are classed as 

"sus p i c i ous " ,  and l ines whi ch cross each o t her ind i ca t e  a non-speci f i c  

reac t i on . I f  there are no l ines , t he serum sample i s  cons i dered to  be 

"nega t ive " . 
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APPENDIX 3 

HI STOLOGICAL METHODS 

A) Reagen ts 

1 .  Fixa t i ve - 10% Formol Sal ine 

To make up 50 li t res of  10% Formol Saline , comb ine 400g NaCl and 

5 l i tres of Formali n  ( a  40% solut ion of Formaldehyde)  in 45 l i t res o f  

d i s t i lled wa ter .  

2 .  Ehrlichs Haema toxylin S tain 

Dissolve 6g Haematoxylin i n  300ml Absolu te Alcohol . Add 300ml 

d i s t i l led water , then 300ml Glycerol , t hen 30ml Glac i al Ace t i c  Ac i d . 

F i nally , add Po tass ium Alum un t i l  a depos i t  o f  crys tals forms a t  the 

bo t tom of  the vesse l .  

3 .  Aci d  Alcohol 

Add 10m l  of concen trated HCl to  two l i t res of 70% alcohol and 

mix . 

4 .  Sco t ts Tapwater  

Di ssolve S Og  Magnes ium Sulphate and 2g  Po tas s i um Bi carbonat e  i n  

two l i tres of  tapwater . Keep in  c losed vessel . 
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5 .  Eos i n  S tain 

Di ssolve 4g Eos in 

solu t i on . Add 1ml of  

s o l u t ion  before use . 

6 .  Celes tine Blue 

in 400ml d i s t il led wa ter to make a 1% 

1% Ace t i c  Ac i d  to every SOml of the 1% Eos i n  

D i ssolve 5g Ferr i c  Ammonium Sulpha te  ( i ron alum) i n  100ml 

d i s t i lled water overnigh t .  Add O . Sg Celes t ine Blue B ,  and boi l  gen t ly 

f o r  three minu tes . Cool and f i l ter . Finally , add 14ml glycerine . 

7 .  Mayers Haemalum Stain 

D issolve 1g Haematoxyl i n  in  one l i t re of d i s t i l led wa ter , 

h ea t i ng gently i f  necessary . Add SOg Po tass ium Alum and d i ss olve . 

Add 0 . 2g Sodium Iodate , then 1 g  C i t r i c  Acid , and f inally SOg Chloral 

Hydra t e . 

8 .  Van Gi eson S tain 

Comb ine 100ml of  a sa tura ted ( approximately 1%) aqueous solu t i on 

o f  P i cr i c  Acid wi th  10ml o f  a 1% solu t i on o f  Acid Fuchs i n .  
f resh . 

9 .  Sudan Black S tain 

Use when 

Combine 7g Sudan Black B wi th SOOml of 70% Alcohol and warm in a 

f lask i n  a wat er bath for 30-60 minu tes at  5 6 ° C .  Keep  well sealed and 

f i l ter be fore use . 
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B )  Me thods 

1 .  Haema toxylin and Eos in (H  & E)  

a )  Dewax sec t i on in  xylol for ten minut es , f i ve minu t es each i n  

two changes of  xylol . 

b )  Bring to  water by rinsing for one minute each in  absolu te  

alcoho l , then 70% alcohol , then wa ter . 

c )  S tain i n  Ehrli chs Haematoxylin  for ten minu tes . 

d )  Rinse i n  tapwater . 

e )  Di f feren t iate i n  Ac id Alcohol for ten seconds . 

f )  Rinse i n  tapwater . 

g)  Blue i n  Sco t ts Tapwa ter for two minu tes . 

h )  Rinse i n  tapwater . 

i )  S tain i n  Eos in for two minutes . 

j )  Rinse rapidly in  wa ter by d i p p i ng four t i mes . 

k)  Dehydrate  by immers ing i n  70% alcohol and then three changes 

o f  absolu te alcoho l .  

1 )  Clear i n  three changes o f  xylol for one minu t e  each . 

m )  Moun t i n  DPX mountant ( BDH ) . 
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2 .  Van G ieson Stain  

a )  Dewax in two  changes of  xylol , f i ve minutes each . 

b )  Bring to wa ter by rins ing one minute  each i n  absolute 

alcoho l , 70% alcohol and then wa ter . 

c )  S t a i n  wi th  Celes tine Blue for ten minutes . 

d )  Rinse  in  wa ter . 

e )  S ta i n  in  Mayers Haemalum for ten minutes . 

f )  Rinse  in  water .  

g )  Rinse in  Sco t ts Tapwa ter for two minutes . 

h )  V ash in wat er . 

i )  S t a i n  in  Van Gieson s t ain for seven minutes . 

j )  Rinse in  wa ter . 

k )  Dehydrat e  and Clear as for H & E s tain . 

1 )  Moun t .  
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3 .  Sudan Black S t ain 

a)  Bring to  70% alcohol by rins i ng one minu te  i n  absolu te  

alcohol and then one minu te in 70% alcohol .  

b )  S tain i n  f i l tered Sudan Black S tain for 30 minutes in a 

closed vessel . 

c )  Rinse i n  70% alcohol . 

d )  Wash i n  tapwater for three to four minut es . 

e )  Moun t i n  glycerine j elly . 
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APPENDIX 4 

ENUMERATION OF BRUCELLA OVIS ORGANISMS 

This appendix describes three me thods of coun t i ng Brucella ovis 

bac teria in suspens ion that were evalua ted for use in this proj ec t , 

and the resul t s  o f  comparisons that were made o f  the t echniques . 

Produc tion of  the Bacterial Suspens ion 

A Brucella ov is  isolate was used to i noculate a blood agar plate 

and cul tured at  37 ° C  in  an atmos phere of  10% C02 for four days . The 

bacterial growth  was harves ted us ing a s terile cot ton wool swab and 

suspended in  a small volume of Hear t Infus i on Broth whi ch was then 

used to inoculate several Tryp t i case Soy Agar slopes con taining 5% 

bovine serum . 

After three days incubat i on a t  37 °C i n  10% C02 the s lopes were 

harvested by f lushing each wi th 2ml s t erile  pep toPe saline . The 

resul tant sus pens i on was pooled , and count i ng began i mmediately . 

1 .  Dark Fi eld M i c roscopy 

A Pe t ro ff-Hausser bacteria coun t ing s l ide chamber  was f i l led 

w i t h  the bac t er ial suspens ion to be examined . The chamber was placed 

under the high power obj ect ive ( 40 x magn i f i ca t ion) of a dark- f ield 

m i croscope . As the eyepi ece had a magn i f i cat ion o f  10 x,  the to tal 

power bf magn i f i ca t i on was 400 x .  
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Bacteria i n  ten of  the small squares marked on the grid  o f  the 

chamber in the selected f i eld were counted and the numbers recorded . 

Ano ther field o f  v i ew was then selected and the number of  bac teria  i n  
t e n  more small squares were counted . Th is was repeated un t i l  f i ve 

s amples , each cons i s ting of  ten small squares , had been coun t ed .  

The average number o f  bac teria in one small square was then 

calculated ,  and s ince i t  was known that each small square con tained 

0 . 5  x 10- 7 ml of suspension ,  then each ml of the original suspens ion 

mus t have contained 2 x 107 x average number of bac teria  per small 

square . 

I f  the number of bac teria in each square was very low or  very 

h igh , the accuracy of the es t i mate was grea tly reduced . I t  was found 

that the count was bes t made us ing a d i lu t i on wh ich gave a dens i ty o f  

be tween six and twelve bac teria i n  each small square . I f  d i lu t ion  o f  
the suspens i on was carried ou t ,  the calcula t i on o f  the bac terial  

concen t ra t i on i n  t he original suspens i on was as follows : Es t i ma ted 

number bact eria/ml 

square x 2 X 107 X 
had been d i lu t ed 

bac teria per small 

original suspens ion 

dilution fac t o r .  For 

1/100 , the es t ima t e  

square X 2 X 109 • 

Average 

example , 

would be : 

number  per small 

i f  the suspens ion 

Average number 

Since the Brucellae are small bac t e r ia ( 0 . 6-1 . 5�m x 0 . 5-0 . 7�m , 

Al ton e t . al .  1 9 75 ) , and the depth o f  the coun ting chamber rela t i vely 
great ( 20�m ) , one depth of  focus was not  always suf f i cient  to  d e t e c t  

a l l  t h e  bac teria  for making an accurate count of  the numbers i n  the 

area o f  each square , and s l igh t adj us tment of  focus was necessary . 

This inev i t ably l ead to i naccuracies i n  coun t i ng ,  usually caus i ng 
s l igh t  underes t imat ion o f  the numbers of  bacteria presen t .  
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2 .  Viable Coun t 

Serial tenfold dilut ions o f  the suspens i o n  to be coun ted were 

made us ing sterile pep tone saline as a d i luent . One ml of  the 

original  suspens ion was added to 9ml di luen t to  make a 1/10  d i lut i on ,  

1ml o f  this added to 9ml d i luent to make a 1 1 100 d i lu t i on ,  and s o  on 

as necessary ( usually j udged from the resul ts of a previ ous dark- f i eld 

coun t ) . 

A gradua ted p i pe t te was used to t rans fer  0 . 1ml o f  bac terial 

suspen sion into the centre of  each of two blood agar plates . A glass 

spreader d i pped in  95% alcohol and flamed , was cooled by touching i t  

to the agar surface , and then used to spread the drople t evenly over 

the pla t e . Thi s  was repeated for the second plate . 

Duplicate viable count p lates like these were made for each o f  
the d i lu t ions and the original suspens ion . They were then inver t ed 

and incubated at 3 7 °C in an a tmos phere of approximately 10% C0
2

• 

Af te r  four days , the bac terial colonies were usually large and 

d i s t in c t  enough to be coun t ed . 

The lowes t d i lu t i on ( highes t number o f  bacteria)  w� i ch could 

s t i ll be counted was the bes t single d i lu t i on to use in  th� es t i ma t e ,  

as i t  was usually the mos t accurate . Ano t her way o f  making an 

es t ima t e  was to use the average of the counts  f rom mor� than one 

d i lu t i on .  

3 .  Spec tropho tome t ry 

The degree to  wh i ch l igh t i s  sca t tered by a suspension of  cells 

is  approxima tely prop or t i onal to its concen t rat i on , wi thin a l i m i t ed 

concen trat ion range ( Al t on e t . al .  1975 ) . This " turbidi ty" can be 

measured by a s pect ropho tome ter , wh ich measures the propor t ion o f  a 

beam o f  ligh t whi ch i s  transmi t ted through a l iquid ( %  t ransmi t t ance ) , 

or i nversely , the propo r t i on "absorbed" or scat tered ( absorbance ) .  
The relationsh i p  be tween cell concen tra t i on and absorbance o r  

t ransmi t tance i s  l inear only wi thin a l i m i ted range , and only a 
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l imi ted range o f  dens i t ies can be measured by this  method ( A l t on 

e t . al .  1975 ) . 

I t  was impor tan t that the suspensions to be compared should be 

o f  a s t andard organism , grown in standard cul ture cond i t i ons for a 

s tandard t ime and suspended in  a s tandard di luen t .  I n  the exper i men t s  

tha t were made to evaluate  t h i s  me thod of  count i ng bac t e r i a ,  a Bausch 

and Lamb Spec tronic  20 s pect ropho tometer was used , a t  a wavelength o f  

420nm . The bac teria were from 7 2  hour cul t ures grown o n  TSA s lopes a t  

3 7 ° C  i n  10% C02 , harves ted and d i luted us ing s t erile pep tone saline . 

The same glass spect ropho tome try tube was used t hroughou t ,  and a blank 
of pure pep tone saline was used to set  the zero readi ng .  

The aim of  this  method was to graph a s t andard curve o f  

absorbance ( o r  t ransmi t tance ) against  the ac tual number of organi sms 

( in this  case , viable coun t was used as the benchmark) ,  from whi ch a 

pred i c t i on of  bacterial numbers could be made from the absorbance 

readi ng of any unknown suspension measured at a la ter s t age . 

Resul ts  

a )  Spec tropho tome t ry 

The results o f  f ive  separate  experimen ts conduc t ed to evaluate  

the three me thods showed that i n  some cases the  viable coun t pred i c t ed 
by the spect ropho tome t r ic me thod was very i naccurat e ,  especi al ly a t  

t h e  h igher absorbance values , when the pred i c t i on was in  some cases 

100 x the value given by the actual v i ab le coun t . In prac t i ce ,  

several d i lu t i ons o f  the suspens ion were some t i mes requi red before the 

concen t rat ion of  suspens ion ( and hence the absorbance) was in  a range 

useful for pred i c t ion . Thi s  was was teful of t ime and equi pmen t ,  and 

therefore a prac t i cal d i sadvantage . 

There was a wide range of  bac terial concen t ra t ions wh i ch 

produced the same absorbance read ing when the suspens i on was measured , 

reduci ng the value of  the techni que as a me thod o f  pred i c t ing v i able 

coun t .  
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I t  was no ted that  there appeared to be a closer correla t ion 

be tween absorbance and d i lut ion fac tor than be tween absorbance and 

viable coun t . Thi s  was a cause for concern , as i t  implied tha t  the 

d i lu t ion o f  the suspens ion may have been con t r ibu t i ng more to  the 

absorbance reading than simply an altered bac terial concen tra t i on .  

There may have been an inheren t turbidi ty in  the sus pens ion , not  

associated wi th bacterial numbers , whi ch was a f fec t ing the absorbance . 

I t  was clear then , that the spectropho tome t r i c  technique was 

associa t ed wi th a good deal of unexplained varia t i on ,  reducing the 

usefulness of  this me thod . 

b )  Dark Field Mic ros copy 

The accuracy o f  the dark f ield coun t as a me thod o f  pred i c t i ng 
the viable count increased from the f i rs t  experimen t to  the las t as 

the opera tor became more exper i enced wi th the technique , and the 

closeness o f  the p red i c t i on was far less variable than that o f  the 

s p e c t ropho tometr ic  me thod . 
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Comparison of  Me thods 

The advan tages and d i sadvan tages of the three techni ques can be 

summar i sed as follows : 

1 )  Dark Field M i croscopy 

Advan tages : 

a )  Quick procedure . 

b )  Immediate  resul t .  

c )  Low cos t .  

d )  Accuracy o f  pred i c t i on o f  viable count reasonably cons i s tent 

( + or - 101 0 ) • 

e )  Small volume of  suspensi on requi red . 

D i sadvan tages : 

a) Special equi pmen t requi red - a dark f ield mi croscope and a 

bac teria count ing chamber .  

b )  Experienced operator preferable . 

c)  Measures both viable and non-viable cells . 

2 )  V i able Count 

Advantages : 

a)  Only viable bacteria  are coun ted . 

b )  High accuracy . 

c )  Equi pmen t 

laboratories . 

requi red is  s t andard i n  

d )  Small volume of  suspens ion requi red . 

Disadvan tages : 

mos t 

a)  T ime consuming procedure to make the plates . 

microbi ology 

b )  Expens ive - cos t o f  plates and running the incubator . 

c )  Four days to get a resul t .  
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3 )  Spec t ropho tome t ry 

Advantages : 

a )  Immed i a t e  resul t .  

b )  Accuracy can be qui te high . 

c )  Low running cos ts . 

d )  Equi pment required ( spec tropho tometer)  common 

laborator ies . 

Disadvantages : 

a)  T i me consuming procedure . 

b )  Var iable accuracy . 

c )  Both v i able and non-viable bac teria measured . 

d )  Large volume of  suspens ion requi red , whi ch 

recoverabl e . 

i n  mos t 

i s  not  

The v i able count was the mos t accurate method , bu t the resul t is  

n o t  avai lable for four days , by whi ch t ime the bac terial  numbers may 

have a l tered cons iderably . I f  the suspens i on i s  t o  be used i n  a 

challenge experiment to infec t experimental 

es t i ma t e  is needed to  allo� the suspension 

requ i red concen tra t ion for adm i n i s t rat i on .  

ani mal s , an i mmedi a t e  

to  be d i lu t ed to  the 

For an immediate  es t imate , 

spectropho tome try could be used . 

ei ther the dark- f i eld count or 

For this  proj ec t , the dark- f i eld 

count was more prac t i cal , b e i ng qui cker to perform , more uni form in 

accuracy than the spectrophotome t ry technique , and needing only a 

s ma l l  vo lume of suspension , leaving the remainder for use i n  

subse quen t p rocedures such as t h e  challenge o f  expe r i mental ani mals . 

I t  was therefore decided that the viable pla t e  count would be 

used as the s tandard coun t , and the dark f ield count as  an immedi a t e  

e s t i mate f o r  a l l  exper imen ts requi r ing evalua t i on o f  bac terial 

numbers . 
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APPENDIX 5 

SEMEN COLLECTION 

The ram was res t rai ned in lateral recumbency on a low table . 

The pen i s  was gen t ly ex t ruded from the prepuce and held gent ly but  

f i rmly us i ng a strip  o f  clean gauze . The glans and urethral process 

were placed j us t  i ns ide a s terile Universal bo t t le . An 

elec troej aculator probe1 s imi lar to  that descri bed by Nichols and 

Edgar ( 19 6 4)  was inser ted into  the rec tum of the ram . The probe was 

operated as sugges ted by Ni chols and Edgar . ( 1964 ) . The swi t ch was 

pressed and released alterna tely , four seconds on and then four 

seconds o f f , un t i l  the ram ej aculated . Mos t rams ej acula t ed a f t e r  two 

or three s t i mula t i ons when this  rhy thmic cycle was used . I f  a f t e r  s ix 

or s even s t i mulat i ons the ram had no t ej aculated , i t  was res ted for 30 

minu tes  or more before a fur ther a t temp t at  collect i on was made . I f  

there was again no ej aculat ion a f ter s i x  or seven s t imula t i ons , the 

a t t empt to  colle c t  semen from that ram was abandoned for the day . 

In  o rder to  reduce con tam� na t i on o f  the samples to  a minimum , 

gros s ly contamina ted wool arouno the prepuce was removed w i th  s c issors 

where necessary , the opera t ors colle c t i ng semen washed and dried the i r  
hands b etween rams , the l i d  was placed on the sample bo t tle 

i mmedi a t e ly a f t e r  collec t i on , and the bo t tles were kep t i n  an uprigh t  

pos i t i on at  a l l  t i mes after  collec t ion , a s  mos t o f  t h e  con tamina t ion 

was around the top o f  the vessel . 

NOTE 

1 )  Ram Probe MK V - A . J .  Thompson Manawatu Ltd . Box 1607 

Palmer s t on No r t h .  ( Modelled o n  the previous ly designed "Ruakura" ram 

probe ) . 
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APPENDIX 6 

STATI STICAL METHODS 

A) Group Compari s ons 

1 )  Confidence Limi ts  

To evalua t e  the sign i f i cance o f  d i f ferences in group means i n  
t h i s  s tudy , 95% conf i dence l imi ts  were used . 

limi ts  o f  the means were calcula ted as follows : 

The 95% conf i dence 

Upper and Lower 95% Conf idence Limi ts  
-
X ± ( t  X S . E ) 

Where -X Sample mean 

t S tuden t ' s  " t "  value for P=0 . 05 and ( n- 1 )  degrees 

of freedom , obtain�d from " t " d i s t r i bu t ion table . 

S . E .  S tandard Error o f  the Mean 
-s . D  

In 

n = Sample S i z e  ( e . g .  number o f  rams ) 

S . D . S tandard Dev i a t i on 

x ind ividual observat i on 

/E(x-x ) 2 
--- ------

n-1 
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2 )  Chi -squared Tes t 

For quali tat ive data , the ch i-squared me thod was used to  tes t 

the s ign i f i cance of  any d i f ferences be tween groups . 

The chi-squared value , X2 , was calcula t ed from the following 

formula : 

( O-E) 2 2:: -------
E 

Where 0 Observed value 

and E Expec ted value 

Yate ' s  correc t ion was always employed in these calcula t i ons , as 

there was only one degree of f reedom . 

Once the X2 value had been calcula ted , s t a t i s t i cal tables o f  the 
X2 d i s t ri bu t i on were consul ted to  de termine whether the calculated 

value exceeded the appropriate cri t i cal value a t  the selec ted level of 

s i gni f i cance . In  some o f  the results  i n  this s tudy , d i fferences up  to  

t he 10% level of  s ign i f i cance were repor ted . However ,  for  tes t i ng the  

val id i ty o f  any observed d i f ferences the  5% level o f  s ign i f i cance 

( P=0 . 05 )  was cho s en ; i . e .  when the calculated value exceeded the 

cri t i cal value at this  level for the appropr iate  number  of degrees of 

f reedom the d i f ference was cons idered to be s ta t i s t i cally s ign i f i can t . 

In  these experimen ts , there was always one degree o f  freedom , and 

there fore the c r i t ical value for X2 was always 3. 84. 
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B )  IDSO calcula t i ons 

1 )  The Me thod Of  Reed And Muench ( 1 938 ) 

This  me thod is  a way of  us ing the tot al number of  animals i n  the 

experimen t ,  rather than j us t  those near the 50% end po in t .  The e f fec t 

i s  tha t  o f  us ing , at  the two cri t i cal d i lu t i ons be tween which the 

endpo i n t  lies , larger groups of  animals than were actually included at 

these d i lu t i ons . By t end i ng to equalize chance variat i ons , t h i s  

method def ines the point  more nearly than would have been poss ible  i f  

i t  had simply been i n terpolated be tween the two neares t resul t s . The 

method is i llus t rated i n  the table below , us ing the resul ts  of the 

unvac c i nated rams in  the IDSO experiment ( Chap t er 7 ) . 

Examele o f  IDSO Calcula t ion By The Me thod Of Reed And Muench 

Us ing Da ta From The Unvaccinated Rams In The Trial Descri bed 

In Chaet er 7 

a b c d e f 

Chal lenge Number Number To tal Total Percet:t age 

D0se Infec t ed Uninfected Infec ted Uninfected Infec ted 

1 . 23 X 108 5 0 1 8  0 100% 

1 . 23 X 107 5 0 1 3  0 100% 

1 . 23 X 106 3 2 8 2 80% 

1 . 23 X 105 2 3 5 5 50% 

1 . 23 X 104 2 3 3 8 2 7% 

1 . 23 X 103 1 4 1 12 8% 

1 . 23 X 102 0 5 0 17 0% 

Five rams were tes ted at each challenge dos e ,  and numbers 

succumbing to  or  res i s t ing infe t t i on are en tered i n  columns " b "  and 

" c " . I t  i s  assumed that a ram succumbi ng to in fec t ion at  a given dose 

would have succumbed to  any higher dose , column "b" is therefore added 
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f rom the bo t tom up , and the subtotal for each dose i s  en tered i n  
column "d"  a s  the accumulated number of  rams succumb i ng to this  and 

lower doses . Conversely , a ram res i s t ing a given dose would have 

res is ted i t  at any lower one , so column " c "  i s  added from the top  

down , and th e  sub to tals placed in  column " e " . Percentage infec ted i s  

calcula ted f rom columns " d "  and " e " , and entered i n  column " f " .  

The 50% end p o i n t  l i es be tween 1 . 2 3 x 104 and 1 . 23 x 106 , but  

nearer the former . The  formula for the propo r t i ona t e  d i s t ance o f  the 

end po i n t  above the dose nex t below the 50% end point  i s : 

50% - ( infected a t  dose below) 
propo r t i onal d i s t ance 

( infec ted dose above ) - ( infec ted dose below) 

In this case , this  is 0 . 434 . 

S i nce the doses are on a logari thmi c scal e , the f inal read ing i s  

calcula ted a s  follows : 

Log o f  lower dose . . . . . • . • . . . . . . . . . . . . . . . . . .  4 . 0899 

0 . 434 ( propo r t i onal d i s tance ) 

x log 100 ( d i lu t i on fac t o r ) = 0 . 434 x 2 . . . .  0 . 868 

Sum ( log o f  50% end poin t )  . . . . . . . . . . . • . • . . .  4 . 9579 

ID 50% ( an t i log) . . • . . . . . . . . . . . . . . . . . . . . . . . .  9 . 1  x 104 
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2 )  The Logi t Trans fo rma t i on 

In pharmacologi ca l  s tud i es , i f  the percen tage of subj e c t s  

respond ing is  p lo t ted agains t dose ( o r ,  more usually , log1 0 dose ) , a 

sigmo i d  curve generally resul t s  ( Ash ton , 197 2 ) . To ob tain a s t raigh t  

line , a t rans forma t i on  of  the scale o n  wh i ch response i s  measured 

becomes necessary . 

For the logi s t i c  curve ( a  sigmoid curve ) given by the equa t i on : 

p 
1 

1-�-�:-(;;-:;-j3i()--

the transformat ion is : 

p 
l logi t P ln 

1 - p 

P i s  the p robab il i ty o f  a 

the parame ters to  b e  es t i ma t ed , 

or. + t3x 

response a t  dose x ,  and or. and t3 are 

that i s  the intercept  and the s lope o f  
the l i ne respe c t ively .  The terms " ln"  and "e"  refer to  the natural 

lqgari thm func t ion and the base of the na tural logari thm func t i on 

res pec t i vely . 

The trans formation o f  the dependen t variat e ,  P ,  is  made i n  such 
a way that i f  the  t rans formed variate , l ,  i s  plot ted aga i ns t the 

independen t varia t e , x ( in this proj e c t , challenge dose ) , the po i n t s  

fall o n  a s t raigh t line , t he in terce p t  and slope o f  whi ch are given by 

the parame ters or. and t3 respec t i vely . This enables any p o i n t  on the 

l i ne i n  whi ch we are i n teres ted ( in this  proj ec t ,  where P = 50%) t o  b e  

read f rom the l i n e . In  a n  experimen t ,  t h e  s tandard error o f  t h e  50% 

endpo i n t  can be calcula t ed from the s t andard errors of  the parame ters 

or. and �' thus con f idence lim i ts  may be placed on es t i mates  so  that 

t hey may be compared to each other . 
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