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ABSTRACT . 

Ne osp ora can i n um i s  a newly recogn i z ed Toxoplasma-like 

proto z o an o rgani sm that infects dogs ; Ne ospora a l s o  c auses 

spontaneou s aborti on and neonatal disease in c attl e  and other 

an imal s  a l though it is not c le a r  if the organ i sm concerned i s  

N .  canin um o r  another spec i e s . The present study a imed t o  improve 

the epidemi o l ogical knowledge o f  bovine Ne ospora abo rtion in New 

Z e a l and and de scribe the pathologic features o f  Ne o spora sp . 

infection i n  cattl e  and in dogs . 

In a retro spective study o f  p re s e rved mater i al ,  N .  c a n i n um 

was ident i f ied for the first time in New Z e a l and dogs in 

h i sto l og i c  sect ions of the CNS of 3 / 1 5 animals with a var i ety of 

CNS l e s i on s  and nervous s igns . The diagnos i s  was c on f i rmed by 

immunohi stochemi stry and, in one case , e l ectron micros copy . Two 

c a s e s  of toxopl asmo s i s  were confi rmed but ne ither N. c an i n um or 

T .  gon di i  c ould be demonstrated in ten cases with granul omatous 

men ingoencepha l omye l itis . In neosporo s i s  the h i stopathological 

l e s i ons were distributed more wide l y  throughout the CNS and 

di spl ayed a more marked infl ammatory reacti on than in 

toxoplasmo s i s  case s . In an attempt to transmit the d i s e a s e  to 

dogs , pupp i e s  were inoculated with aborted bovine CNS material  

infected with Ne osp o ra organi sms but thi s  was unsucce s s fu l . 

An epidemi ologi cal study o f  Ne ospora abo rtion in dai ry 

c attle in the North I s land reve a led that the d i s e a s e  was 

di agnosed in 1 5 %  of abortion mater i a l  submitted to Batche lar 

An imal He a lth Laboratory and Ruakura An imal Health Laboratory in 

1 9  9 2 , thus making it the most frequently diagnosed c ause of 

abort i on . D e s c r iptive epidemi o l og i c  information i n cluding age o f  

aborted f o etu s e s ,  age o f  aborting cows and seasonal di stribution 

o f  the di s ease were obtained through a que sti onn a i re survey o f  

dai ry farmer s  who s e  herds experienced Ne ospora abo rtion that 

year . I n f o rmati on on risk factors was s ought but could not be 

r e l ated to Ne o spora infection because o f  the sma l l  s c a l e  of the 

surve y . Neve rthele s s ,  some u s e ful prel iminary data whi ch could 

be used i n  future investigations were obtained . An inve stigation 

o f  a herd with a recent h i story o f  neosporo s i s  dete cted 



ant ibodie s  in catt l e  o f  di ffe rent age groups us ing an indi rect 

f luores cent ant ibody ( IFA) test . A " cut o f f "  point of 1 : 4 0 0  was 

u s e d  in sera obt ained one month after an abort i on " st orm " . In a l l  

a g e  groups o n  the farm a t  the t ime o f  t he abort i on there was a 

prevalence o f  approximate l y  2 9 %  ( 5 6 / 1 9 4 ) seropo s i t ive . Howeve r ,  

the weaner he i fers whi ch were off  the farm a t  that t ime , had a 

prevalence o f  3 %  ( 1 / 3 2 )  (p< O . 0 1 )  se roposit ive . Thi s f inding 

i ndi cated that a l l  cattle on the farm we re exposed t o  a s ource 

of infect i on at the same t ime and no age-sus cept ib i l ity was 

evi dent . The sign i f i cance of these results and direct i on s  for 

future re s earch are discussed . 
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GENERAL INTRODUCTI ON .  

I n  mo st cattle r a i s ing c ount ri e s ,  bovine foet a l  death and 

abort i on are important causes of economi c l o s s . The severity o f  

the problem var i e s  for e ach nat i on and a l s o  between regi ons o f  

the s ame count ry , often depending o n  t h e  presence o r  absence o f  

abort i fac i ent entities such as bruce l l o s i s . 

In a l a rge percent age of these abo rtions howeve r ,  the c ause 

remains obs cure . Ordina r i l y  the di agno st i c  rate varies between 

20 to 2 5 %  of cases examined ( Hubbert e t  al . 1 9 7 3 ;  Ki rkbr idge 

1 9 8 5 a )  approaching a max imum of 4 0 %  in we l l -equipped l aborat o r i e s  

with we l l -t ra i ned staff working with high qua l it y  submitted 

mat e r i a l . There fore, in mo st count ries more than hal f o f  b ovine 

abort i ons rema i n  undi agn o s ed . D iverse reas ons have been given to 

exp l a i n  thi s l o w  succe s s  rate ( E l der e t  a l . 1 9 8 5 ; Thurmond et a l . 

1 9 9 0 )  but mo s t  re search workers agree that more det a i led 

inve st igat i on s  are needed to s o lve the problem . 

I nfect i ou s  diseases are commonly bel ieved t o  be respons ible 

for a l arge proport ion o f  bovine abo rt i ons ( Barr & Ande rson 

1 9 9 3 ) . The nume rous agent s whi ch c an cause abo rt i on have been 

l i sted by K i rkbride et a l . ( 1 9 7 3 )  and Barr & Anderson ( 1 9 9 3 )  but 

what cau s e s  s ome di s e a s e s  to have a higher preval ence in some 

regi ons than in othe rs i s  poorly document ed and poorly 

underst ood . There i s  no doubt that the host-environment -agent 

t r i ad influen c e s  these d i s e as e s  making them complex and dynami c .  

In recent surveys conducted in the USA (Ande r s on e t  a l . 1 9 9 1 ) , 

Brit a i n  ( Tr e e s  e t  al . 1 9 9 3 ) , New Zealand ( Thornt on e t  a l .  1 9 9 2 )  

and Au st r a l i a  (Munday e t  a l . 1 9 9 0 )  foetuse s  with l e s i on s  

sugge s t ive o f  protozoal infect i on comprised the l argest c at egory 

of di agno sed aet iologies of bovine abort i on . In the ma j ority o f  

the se cases  t h e  diagno s i s  was tent at ive only because the para s i t e  

c o u l d  not be i dent i fi e d  beyond it being a prot o z oan o rgan i sm 

r e s embl ing Ne o spora spp . or Sa rcocys t i s  spp . There i s  now 

mount ing evi dence that prot o z oal abo rt i on has  a wor l dwide 

d i s t r ibut i on and its pre s ence i s  recogn i s ed in many count r i e s  
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(Anderson e t  a l . 1 9 9 1 ,  1 9 9 2 ;  Barr e t  al . 1 9 9 2 ) . 

E st imates o f  the monetary value of bovine abo rt i on are 

s carce and exact figures are d i f f i cult t o  calculate bec ause of 

the many factors involved ( Olds e t  al . 1 979 ) . Under New Zealand 

farming c ondit ions where mi lk production i s  mo s t l y  s e a s on a l  with 

a common " drying o f f "  dat e ,  the main l o s s  will  be determined by 

what happens t o  the cows whi ch abort . I f  the abo rted cow i s  

culled a f t e r  complet ing he r lactat i on the main cost would invo lve 

her rep l acement ( repl acement cost = in- c a l f  he i fe r  c o st - cu l l ed 

cow value ) . An approximat e current est imate would be $ 5 0 0 / aborted 

cow . I f  the cow i s  kept and reinseminated the main c o st would be 

the day s without product i on and the cost of feeding ($7- 1 0  of 

feed/week , Ho lme s pers . c omm . ) . Thi s  again resu l t s  i n  a value of 

$5 0 0 /per abort ed cow . Although nat ional f i gures for abort i on in 

New Z e a l and are not ava i l ab l e ,  it  has been est imated that on 

farms a f fected by neosporo s i s  an average of about 6 %  o f  c ows may 

abort ( Thornton et al . 1 9 9 1 ) . Thus an ave rage affected da i ry farm 

in New Z e a l and with a herd o f  1 8 0  c ows ( Ho lme s pers . comm . ) c ould 

lose $5 5 0 0  annu a l l y  ( 1 1  cows x $5 0 0 )  The est imat ed $5 0 0 /per 

abort i on does not take into account the c a l f  l o s s ,  re inseminat i on 

cost , e t c . and i s  therefore an underest imate . 

We l fare cons ide rat i ons rel at ed t o  the abo rt i on should not 

be neglect ed and in herds with h i gh abort ion rat e s  there i s  no 

doubt t hat the anima l s  suffer st re s s . Moreove r ,  s ince there i s  

n o  t reatment f o r  the ma j o rity o f  them and b y  the t ime the 

abort i on i s  not i ced it is t oo l ate to implement treatment , 

farmer s  may fee l he lpl e s s . For this reas on , more emphas i s  should 

be p l aced on prevent i on but thi s can only be a chieved through a 

bett e r  underst anding o f  the aet i o l ogy , epidemi o l ogy and pathol ogy 

of the d i s eases  respons ible . 

T ak ing int o cons ide r at i on the magnitude o f  the l o s s e s  c aused 

by t he abo rt ion , the low current diagno st i c  suc c e s s  rate a s  we l l  

a s  t h e  we l fare aspect s o f  the diseas e ,  it c an b e  s een that 

resea r ch work into bovine abort i on has great potent i a l  for 
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improving animal he alth . The eme rgence of prot o z o a l  disease as 

an import ant c ont r ibut ion t o  the problem in New Z e a l and has 

prompt ed the pres ent inve s t i gat i on . 



CHAPTER 1 .  

LITERATURE REVIEW . 

1 .  Protozoal di s ease (neo sporos i s, 

toxoplasmosis) o f  ruminants .  

4 

sarcocysto s i s ,  

Protozoa c an be found in a l l  hab it at s ,  from t ropi c a l  rain 

forests  and oceans t o  Arct i c  snows . Among the i r  hab i t at s  are the 

organs and t i s sues o f  o ther l iving anima l s  and in s ome o f  them 

they may cause d i s e as e . 

The prot o z o a  form a sub-kingdom o f  the kingdom P rot i st a . I n  

t he l a t e s t  c l as s i f i c at i on ( Levine et a l . 1 9 8 0 ) , the S o c i et y  o f  

P roto z o o l ogi st s recogni zed seven phyl a . Three of the s e  phy l a ;  the 

S arcoma s t i gophor a ,  C i l i ophora and Api c ompl exa are l arger t han the 

othe rs and are cons i de red t o  be relat ive l y  more import ant . Of 

these g roups , the api c ompl exans are i s  by far the most import ant 

as di s e a se caus ing agent s in dome s t i c ated animal s .  Thi s review 

wi l l  be chie f l y  concerned with those api c omp lexans whi ch have 

been s hown t o  c ause abo rt ion in ruminant s .  

1 . 1  General morphology and l i fe cycles o f  the phylum 

Api complexa . 

The di st inct ive feature o f  t h i s  phylum i s  the charact e r i s t i c  

ap i c a l  c omplex present a t  the ant e r i o r  end of the organ i sm at 

some s t age of i t s  l i fe . The c omplex consists  o f  a numb e r  o f  

structu re s ,  some of whi ch have been l o s t  b y  some groups . 

U l t rastructural studies ( Shef f i e l d  and Me lton 1 9 6 8 ;  B j erkas 

and L andsverk 1 9 8 6 ;  N i chols  and Chiappino 1 9 8 7 ) have shown t hat 

the outer structure o f  these prot o z o a  c o n s i s t s  o f  one o r  more 

e l ectron dens e  polar rings, ins i de of which is the conoid, a 

ho l l ow t runcat ed cone composed o f  a number o f  spiral l y  c o i led 

microtubules . P a s s ing t hrough the c on o i d  are the necks o f  a 

number o f  rhoptries ( from the Greek word for c lub ) , e l ect ron­

dense l ong-necked s a c s  of uncert ain funct i on whi ch may perhaps 

secrete enzyme s used in c e l l  penetrat ion . Al ongs ide the rhoptr i e s  
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i n  the cyt opl asm are a l arge number o f  short rod- l i ke mi croneme s, 

whi ch some workers b e l i eve are attached t o  the rhopt r ie s ,  and 

running backward from one of the polar r ings are subpel l i cular 

mi crotubules, whose number varies with the group and which are 

p r obably c oncerned with both locomot i on and support . In addit i on ,  

there are one o r  more micropore s whi ch are apparent ly used for 

nut r i ent i nt ake . 

Mo st o f  the import ant Ap icomplexa fall into f ive main 

groups . Pe rhaps the most primit ive of t he s e  are the gregarines 

whi ch are para s ites of invertebrates ( Watson 1 9 1 6 )  They were 

o ri g i n a l l y  de scribed in the 1 9th century . There is now renewed 

i nterest in this group because of the i r  potent i a l  use for 

b i o l og i c a l  control o f  some di s ease vect o r s  (Manwe l l  1 9 7 7 )  . 

A s e c ond group i s  composed o f  the hemogregarine s whi ch ,  

despite thei r  name , are not a subgroup o f  the gregarine s . They 

l ive in the blood c e l l s  o f  f i s h ,  rept i l e s ,  and othe r ve rtebrate s  

( Manwe l l  1 9 7 7 ) . In  fact , relat ive l y  l i t t l e  i s  known about the 

hemogregarine s . Few appear to be pathogen i c ,  and s ince they occur 

mo s t l y  in l ower vertebrates , there has been litt l e  incent ive t o  

s tudy them ( Levine 1 9 8 8 ) . 

The t h i rd group o f  Api c omp lexa are the coccidia ( Ruff & Re i d  

1 9 7 7 ,  T odd & Ernst 1 9 7 7 )  . These a r e  import ant paras it e s  o f  

dome s t i c  anima l s  and man . Coccidia occur in a l l  ve rtebrate s  whi ch 

have been examined for them t o  date and a l s o  in a few 

i nvertebrat e s . Chi cken s , turkey s ,  and other birds , c att l e ,  sheep , 

goat s ,  pigs , dogs , c at s ,  rabb it s ,  rat s ,  and mi ce are e spec i a l ly 

a f fe cted . Each host i s  usua l l y  infected by several spe c i e s  o f  

c o c c i di a  the great ma j o r ity o f  whi ch are host spe c i f ic . They most 

c ommonly mul t iply ins i de int e st inal ce l l s ,  and produce he avy­

w a l l e d  cyst s ( oocyst s )  whi ch are shed in the faece s . Afte r  a 

var i ab l e  per i od shed oocysts become infect ive . 

E lect ron mi c r o s c ope studie s  and more lat e l y ,  t ransmi s s ion 

experiment s ,  reve a l e d  that Toxop l a sma gon di i ,  Sar c o cys t i s  spp . ,  
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and re lated genera are a l s o  coccidia but with l e s s  usual l i fe 

c y c l es ( Dubey 1 977 ) . They are hete roxenous , with a predat o r-prey 

l i fe cyc l e  in whi ch the asexual st ages occur in a prey animal and 

t he sexu a l  st ages in the predat o r . 

A fourth group , the hemosporida, i s  composed o f  b l ood 

p a rasit e s , i n c luding the mal a r i a l  paras ite s . They mul t ip l y  in 

e rythrocyt e s  and are transmitted by mo squitoes o r  other b i t ing 

f l ies . Mal ar i a  occurs in man , monkeys , rodent s ,  many b i rds , and 

r ept i l e s . It i s  st i l l  the most import ant prot o z oa l  disease o f  man 

att acking about 1 5 0  mi l l i on peop l e  a year and ki l l ing about 1 . 5  

m i l l ion . More has been written about ma l a r i a  para s it e s  than about 

any other prot o z oa , although the i r  l i fe cycles were unknown unt i l  

the turn o f  the c entury ( Levine 1 9 8 8 )  . 

The f i fth group of Api c omp l exa , the piroplasms, i s  a s  

important in l ive st ock as t h e  mal ar i a  parasites are in man . They 

t o o  mul t i p l y  in e rythrocyte s  and in some c a s e s ,  other c e l l s ,  but 

are transmitted by t i cks rathe r than by mosqu i t o e s  or b i t ing 

f l ies . P i r op l a sms cause s e r i ou s  di seases  of c att l e  in I ndi a ,  

Afr i c a ,  No rth,  S outh and Cent ral Ameri c a ,  Aust ra l i a ,  Europe and 

the former U . S.S . R .  ( Levine 1 9 8 8 ) . 

The b a s i c  patt ern o f  api comp l ex an reproduct i on i s  

a lternat ion o f  s exual and a sexual phas e s .  A zygote i s  formed by 

fus i on of gamete s  ( s yngamy ) . I t  divides by mu l t iple f i s s ion 

( sporogon y )  to form sporo z o it e s  ( so-cal led becau s e  they were a l l 

t r adit i onal l y  thought t o  be formed within spore s ;  actual l y ,  some 

are and s ome are not ) Spo r o z o i t e s  are infect i ve t ropho z o i t e s . 

They ent e r  host cel l s ,  grow and become meront s .  The se divide 

a sexua l l y  by mul t iple fi s s i on ,  endodyogeny or endopolygeny , a 

proce s s  known a s  merogony , t o  produce a numbe r  o f  mer o z oit e s  

( from t h e  Greek mero part s )  . There may be one o r  more 

generat i on s  o f  meront s and mero z o ite s . I f  there i s  more than one , 

the mer o z o it e s  enter new host ce l l s ,  become meront s ,  and produce 

more mero z o it e s .  Fina l l y ,  s ome mero z o i t e s  become macrogamont s o r  

macrogame t e s , whi l e  others become microgamont s . T h e  microgamont s ,  
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i f  forme d ,  divide by binary o r  mul t iple f i s s i on t o  form two o r  

more micro gametes . A microgamete fuses with a macrogamete t o  form 

a z ygot e . The se produce spo ro z oite s ,  and the cyc l e  i s  repeated . 

There a re thus three mu l t ipl i c at i on phases  in the bas i c  

api c ompl exan l i fe c y c l e . The se are me rogony , gamogon y ,  and 

sporogony . This bas i c  l i fe c y c l e  is modi fied in di f ferent groups . 

1 . 2 Neospora caninum I Neospora-1ike organisms . 

1 . 2. 1  Introduction and history . 

In 1 9 8 4 ,  B j erkas et a l . reported a Toxop l a sma - l i k e  di sease 

i n  seven No rwegian dogs . The affected anima l s  were born t o  a 

s ingle dam and came from three suc c e s s ive l itters . S i x  o f  the 

dogs suffered atax i a  and pare s i s  at the age of 2 - 5 months . 

H i stopatho l ogical studies revealed that the s e  an ima l s  had 

encepha l omye l i t i s  and myo s i t i s  resembl ing that a s s o c i ated with 

T .  gon di i  i nfect ion . However ,  none of the dogs had ant ibodie s  

against T .  gon dii . 

Four years l at e r ,  Dubey et a l . ( 1 9 8 8 a )  in a ret r o spect ive 

s tudy , found a s imi l a r  para s i t e  in 1 0  o f  2 3  dogs with a previ ous 

di agno s i s  of fatal Toxopl asm a - l ike i l lne s s  at the Ange l Memo r i a l  

Animal H o s p i t a l  in the U . S . A .  H e  ident i f ied the new p a r a s i t e  a s  

a cyst-forming apic omplexan a n d  named it N .  can i n um ( Dubey et a l . 

1 9 8 8 a )  Further study o f  the Norwegian dogs by B j e rkas and Dubey 

( 1 9 9 1 ) reve aled that they were a ffected with an ide nt i c a l  o r  

c l o s e l y  r e l ated parasite t o  that s een i n  t he U . S . A .  

F a t a l  Toxop l a sma infect ion in dogs was f i r s t  rec ogn i s ed i n  

T u r i n ,  I t a l y  b y  Me l l o  in 1 9 1 0 . S ince that t ime , many c a s e s  have 

been reported from d i f ferent c ount r i e s  ( Dubey & Beat t ie 1 9 8 8 )  . 

Mo st o f  the s e  cases  were i dent i fied by h i s t o l ogical examinat ion 

and r a r e l y  was the diagnos i s  confirmed by i s ol at i on of  T .  gon di i 

o r  by immun o l ogic technique s . It  i s  now suspected that the death 
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o f  s ome o f  the s e  dogs may have been caused by N .  can i n um 

i n f e ct i o n . 

Despite its  rel at ive l y  short h i s t o ry the disease i s  not new . 

C a s e s  o f  fat al canine neosporo s i s  were found in h i s t o logic 

s e ct i on s  o f  mate rial  proce s sed in the U . S . A .  1 9 5 7  - 1 9 5 8  (Dubey 

et a l . 1 9 8 8 a ;  Dubey 1 9 9 0 a ) . 

Neo spor o s i s  in c at t l e  was re cogn i sed aft e r  the d i s covery o f  

Ne o spora c a n i n um i n  dogs ( Dubey e t  a l . 1 9 8 8 a )  and s ince t hen the 

p a r a s i t e  has been de s c ribed as having a c l o s e  morpho l o g i c a l  

r e s emb l ance t o  T .  gon dii ; the reason f o r  mi sdiagno s i s  o f  the 

di sease on the past . Aft e r  the paras ite wa s named ( Dubey e t  a l . 

1 9 8 8 a ) , it  was  p l aced in the phylum o f  Api c omplexa as a new genus 

in the f ami ly of Sarcocystidae , t ogether with the genera 

T oxopl a sma , Sarc o cys t i s ,  Hammondi a ,  Besnoi t i a  and Frenke l i a ,  but 

t a xonomi s t s  have a lways had prob lems with the correct 

i dent i f i cat i on o f  these parasite s .  Thu s Sarc o cys t i s  sp . ,  

B e sn oi t i a  sp . and Frenke l i a  sp . are di fferent i ated from one 

anothe r  by t he morpho l ogy of the cyst wal l  and / o r  the number o f  

b radyz o i t e s  within t h e  t i s sue cyst ( Speer & Dubey 1 9 8 9 ;  Barr e t  

a l . 1 9 9 1 ) . Howeve r ,  T .  gon dii and Hammondi a hammon di are 

s t ructur a l l y  ident i c a l  t o  each other ( Shef f i e l d  1 9 6 8 ;  Mehlhorn 

& F renkel 1 9 8 0 ;  Spe e r  & Dubey 1 9 8 9 ) . Ne ospora c a n i n um cysts are 

known t o  have thic ker wa l l s  than the maximum reported for 

T .  gon di i and H .  hammondi ( Barr e t  a l . 1 9 9 2 )  and t achy z o it e s  of 

N .  can i n um show s l ight di fferences in o rgane l l e s  such a s  

rhopt r i e s  which provide a method f o r  dist ingu i shing between thes e  

t wo paras i t e s  ( Dube y  1 9 92 a ;  Dubey & Linds ay 1 9 9 3 )  . Ant igeni c  

d i f ferences have been a l s o  used in the ident i f i c at i on ( Linds ay 

& Dubey 1 9 8 9a )  . Despi t e  these di fferences however ,  recent stud i e s  

b a s ed on DNA s equence ana lys i s  ( PCR) and immun o l og i c a l  studie s  

c onc luded t hat T .  gon di i  and N .  can i n um shou l d  b e  placed i n  the 

s ame genus ( Ho lmdahl e t  a l . 1 9 9 4 ;  E l l i s  e t  a l . 1 9 9 4 ; Barta and 

D ubey 1 9 92 )  . 
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The devel opment o f  spe c i f i c  ant i se rum t o  N .  c a n i n um ( Lindsay 

and Dubey 1 9 8 9 a )  has made poss ible the di agno s i s  of Ne ospora 

infect i on in other anima l s  ( Dubey 1 9 9 2 a )  and Neospora-like 

organ i sms are n ow recogn i sed a s  a common cause of abort i on in 

c att l e  and are a s s o c i ated with extens ive losses to the l ive stock 

indust ry ( Thi l sted and Dubey 1 9 8 9 )  . Although the organ i sm 

i s ol at e d  from c attle c l o s e l y  resembles N .  c a n i n um ( Conrad e t  a l . 

1 9 9 2 ) , whethe r these two para s i t e s  are ident i c a l  spe c i e s  or not 

rema i n s  uncert a in at the t ime of writ ing . 

1 . 2 . 2  Structure and l i fe cycle . 

The l i fe cycle o f  N .  can i n um i s  not known but s ince most 

cyst-forming c occidi a  are facultat ive o r  obl igatory 2 -ho st 

para s i t e s , it i s  l ikely that a predat o r  ( carnivor e )  may s erve a s  

t he de f init i ve host . Howeve r ,  the host i n  whi ch sexual 

reproduct ion and format i on of o ocyst s takes p l a c e  is current ly 

the unknown l ink in the l i fe c y c l e  o f  this paras i t e . Tachy z oites 

and t i s sue c y s t s  are the only st age s whi ch have been 

charac t e r i z ed to date . 

1 . 2 . 2. 1  Tachyzoite s 

When sect i oned longitudina l ly ,  tachyz oites appear cre s c ent i c  

o r  n e a r l y  fus i form i n  s hape , me asuring approx . 3 - 7  x 1 -5 �m . They 

change in shape to ovo i d  or globular when dividing . Mothe r 

Ne osp ora t ac hy z oites divide int o two daught er ce l l s  by 

endodyogeny a s  does T .  gondii ( She ffield and Me lton 1 9 6 8 ) . One 

divi s i onal c y c l e  requ i re s  l e s s  than 1 2  hours ( Linds ay & Dubey 

1 9 8 9b ) . 

The par a s i t i c  t a chy z o i t e s  are not c e l l -spe c i fi c  and can be 

found in neural cel l s  ( neuron s , ependymal c e l l s ,  Schwann cel l s ,  

ret inal  ce l l s ,  astrocytes ) ,  macrophage s ,  fibrobl a st s ,  vas cular 

endothe l i a l  ce l l s ,  myocyt e s , renal tubular epithe l i a l  ce l l s , 

hepat ocyt e s  and many other c e l l s  o f  the body ( Cummings e t  a l . 

1 9 8 8 ; Dubey e t  a l . 1 9 8 8 a; B j erkas & Pre sthu s ,  1 9 8 9; Dubey & 
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Linds ay , 1 9 8 9b ;  Speer & Dubey , 1 9 8 9 ) . Within the host c e l l  the 

tachyz o i  t e s  can be found free in the cytoplasm or ins ide a 

paras it ophorous vacuole ( PV) . When they are within a PV, 

structur e s  such a s  stere o c i l i a l  or microvi l lu s  project i on s , 

s imilar t o  those c on s i stent ly seen in T .  gon di i infect i on ( Jone s  

et a l . ,  1 9 7 2 ; She f f ield & Ne l s on 1 9 6 8 ) , may b e  pre s ent ( ranging 

from a few to many ) or abs ent ( Cummings e t  al . 1 9 8 8 ;  Dubey & 

Beatt i e  1 9 8 8 ;  Dub e y  et a l . 1 9 8 8 a ) . 

The t a chyz o it e s  cont a i n  ultrastructural features that are 

characte r i s t i c  of other c l o s e l y  r e l ated cyst-forming c o c c i di a . 

The t apered ant e r i o r  end has  the characteristic  api ca l  c ompl ex . 

Organel l e s  include 1 - 3  mit ochondr i a ,  ribosome s ,  l ipid bodi e s , 

e l ect ron dense bodie s ,  a Golgi c omple x ,  rough and smooth 

endop l a smi c ret i cu lum, a nuc l eu s  and a nuc leolu s  ( Speer & Dubey 

1 9 8 9 ;  Cummings et a l . 1 9 8 8 ;  Bjerkas & P re sthus 1 9 8 8 ) . 

On the other hand, Ne ospora tachyz oites a l s o  have some 

unusual 

name l y : 

and c ont rovers i a l  ultrastructural charact e r i st i c s ,  

i )  E i ght t o  eighteen e l e ct ron dens e  rhopt r i e s , l o cated 

ante r i o r  to the t achyz o i t e  nucleus (Be j erkas et a l . 1 9 8 4 ;  Dubey 

1 9 92 a )  . The re i s  some di s c repancy in the number of rhopt r i e s  

repo rted by di fferent researchers whi ch may b e  due t o  the 

di f f i cu l t y  in di s t ingui shing rhopt ries from den se granu l e s  ( Dubey 

& L inds ay 1 9 9 3 )  . S ome tachy z oites can pre s ent post e r i or l y  l ocated 

rhopt r i e s  ( Linds ay et a l . 1 9 9 3 a ) . 

i i )  Mi cropores are ab s ent in t a chyz oites obt a ined from 

infected an imals . However ,  t hey can be observed i n  t achy z oites 

grown i n  cell  cu lture ( Speer & Dubey , 1 9 8 9 ,  L indsay e t  a l . 

1 9 9 3 a ) . 

i i i )  Many anterior mi croneme s which are de s c r ibed a s  

perpend i cu l ar t o  the inner paras it e  membrane by s ome author s  

working w i t h  organi sms from natura l l y-infected dogs ( Speer and 
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D ubey 1 9 8 9 ;  Dubey e t  a l . 1 9 8 8 a ,  Dubey 1 9 92 a ) , or para l l e l  t o  the 

p e l l icular membrane by other s  working with cell  cultures o f  

o rgani sms i so l ated f rom dogs ( Linds ay e t  al . 1 9 9 3 a )  and c att le 

( C onrad e t  a l . 1 9 9 3 ) . They also have a few mi croneme s p o s t e r i o r  

t o  the p a r a s i t e  nuc l eus . 

The d i f ference s in morpho l ogy o f  t achyz oites obt a i ned from 

these di f fe rent sources rai s e s  the po s s ib i l ity that s ome o f  the 

u l t rast ru ctural fe atures of N. cani n um may be altered by i n  vi t ro 

cult ivat i on . 

1 . 2 . 2 . 2 T i s sue cyst s and bradyzoites . 

Neo sp ora t i s sue cyst s ,  whi ch cont ain the brady z o ite s ,  are 

rare and only found in neural t i s sue (brain , spinal cord and 

ret ina ) . They are found in the cytoplasm of neurons or in 

unident i f i e d  c e l l s  in the neuropi l  ( Barr e t  a l . 1 9  9 1 ;  Dubey 

1 9 92 a ) . 

Exper iment a l l y ,  t i s sue cysts can form as early a s  1 7  days 

a fter inoc u l at i on ( L indsay & Dubey 1 9 8 9c )  and have been found in 

a n ima l s  inoculated up to 1 3  months previ ou s ly ( Lindsay e t  a l . 

1 9 9 2 ) . They are o ften round o r  ova l ,  measur ing up t o  1 07�m in 

d i ameter and cont ain 5 0 -2 0 0  brady z o it e s . Occas i on a l l y  1 -2 

l e aflets o f  host-c e l l  endopl asmi c ret i culum adhere t o  the oute r  

s urface o f  the parasitophorous vacuo le ( PV)  ( Speer and Dubey 

1 9 8 9 ) . 

The cyst wal l l a cks sept a and norma l l y  i s  1 . 5 t o  2 �m thi c k ,  

a lthough i t  can be up t o  4 �m depending upon h o w  l ong the 

i n fection has existed ( Dubey e t  a l . 1 9 8 8 a ;  Dubey & L i ndsay 1 9 9 3 ) . 

H i st o chem i c a l l y ,  it  i s  argyroph i l i c  and stains var i ab l y  with 

periodic a c i d- S chi f f  ( PAS ) . The cyst wal l  cont ains t ubu l e - l i ke 

s t ructure s ( B j erkas e t  a l . 1 9 8 4 ;  Barr e t  a l . 1 9 9 1 ) . 

The cyst i c  o rgani sms (brady z o i t e s ) are more s l ender ( 6  t o  

8 x 1 t o  1 . 8  �), and more den s e l y  packed than the t achy z o it e s . 
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The o rgane l l e s  o f  the brady z o i t e s  are bas i c a l l y  the s ame a s  tho s e  

o f  the t a chyz o i t e s  with fewer rhopt ries and more PAS -po s i t i ve 

granu l e s . 

The presence o f  m i cropore s in brady z o i t e s  was de s c ribed by 

B j erkas and Presthus ( 1 9 8 9 ) , a lthough thi s feature has not been 

reported s ince by other workers . However ,  the number of t i s sue 

cyst s e x amined has been very few, and age of the cyst and 

fixat i on procedures used may affect the s e  structure s .  Better 

informat i on on the fine structure wi l l  be ava i l able when a l arge 

number o f  t i ssue c y s t s  can be produced by experiment a l  

t r an smi s s i on ( Dubey 1 9 9 2 a )  

1 . 2 . 3  Host range and di stribution . 

Natu ral infections in dogs have been found in Norway 

( B j e rkas et a l . 1 9 8 4 ; H i l a l i  et a l . 1 9 8 6 ) , Sweden ( Uggl a et a l . 

1 9 8 9 ) , F r ance ( F r i t z  1 9 9 2 ; Bourdo i seau 1 9 9 3 ) , U . S . A .  ( Dubey et 

a l . 1 9 8 8 a , b ; Cummings e t  a l . 1 9 8 8 ;  Hay et a l . 1 9 9 0 ;  Ga s s e r  e t  a l . 

1 9 9 3 ) , England ( Dubey e t  a l . 1 9 9 0 a ;  Trees e t  a l . 1 9 9 3 ) ; Bel gium 

( P on c e l et et a l . 1 9 9 0 ) , I re l and ( Sheahan e t  a l . 1 9 9 3 ) ; Canada 

( Cochrane & Dubey 1 9 9 3 ) , South Afr i c a  ( Jardine & Dubey 1 9 9 2 ;  

Jac ob s on & Jordine 1 9 9 3 ) , and Au stral i a  ( Munday et a l . 1 9 9 0 ) . 

A d i sease in neonat a l  calve s  that re s emb l e s  neosporo s i s  has 

been reported to occur in the U . S . A .  ( Dubey e t  a l . 1 9 8 9 a ,  

Shivapra sed e t  a l . 1 9 8 9 ) ; Engl and ( O ' Toole & Je ffrey 1 9 8 7 ;  Dubey 

1 9 8 9 )  and Aust r a l i a  ( Dube y  et a l . 1 9 9 0b ) . 

Ne o spora o r  Ne ospora - l i k e  para s it e s  have also  been found in 

the bra i n  and spinal c ord o f  a 1 -week-o ld l amb (Dubey e t  a l . 

1 9 9 0 c ) , in the lung o f  an aborte d  equine fetus ( Dubey & 

P o rt e r f i e ld 1 9 9 0 )  and in s t i l lborn and aborted caprine foet u s e s  

( Dubey e t  al . 1 9 9 2 a ;  B a r r  e t  a l . 1 9 9 2 ) . 
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1 . 2 . 4  Experimental and natural transmission . 

The o rganism can be experiment a l l y  t ransmitted t o  dogs , 

c at s ,  mi c e ,  rat s ,  gerbi l s ,  c att le and sheep ( Dubey 1 9 9 0 a ;  Cuddon 

e t  a l . 1 9 9 2 ;  Linds ay & Dubey 1 9 8 9 c , d ;  Dubey et a l . 1 9 9 0 d ;  Dubey 

& L inds a y  1 9 8 9a , b , c ;  1 9 9 0 a ) . 

T a c hy z o ites a re infect ive experiment a l l y  by inge s t i on o r  by 

s ubcut aneous , int ramuscular and int raper i t oneal inocu l at i on . 

N .  can i n um brady z oites a re infect ive by oral inge s t i on and 

s ubcut aneous inoculat i on ( Linds ay & Dubey 1 9 9 0 )  . 

Brady z o ites are a l s o  res i s t ant t o  a c id-pep s in i n  vi t ro 

t re atment ( Lindsa y  & Dubey 1 9 9 0 )  which suggests that carn ivores 

are part o f  the N .  can i n um l i fe cycle even though oocysts  have 

not been detected in fae c e s  of experiment a l l y infected dogs and 

c a t s  ( Cu ddon et a l . 1 9 9 2 ) . 

Bradyz oites o f  N .  c a n i n um within t i s su e  cyst s in the brains 

o f  expe r imental l y  inocul ated mice c an survive for at l e a st 1 4  

days at 4 C but are k i l led by freez ing at -2 0 C for 1 day 

( L indsay et a l . 1 9 9 2 ) . 

Transpl acent a l  infect i on i s  the only known natural route o f  

i n fect i on ( B j erkas & P r e s thus 1 9 8 8 ;  Dubey 1 9 9 0 a )  . I t  has been 

experiment a l l y  i nduced in cat s  ( Dubey & L inds ay 1 9 8 9 a )  , dogs 

( Dubey & L inds ay 1 9 8 9 c ) , sheep ( Dubey & L inds ay 1 9 9 0 a ) , mice 

( Co l e  et a l . 1 9 9 1  c ited by Dubey 1 9 9 2 a )  and catt l e  ( Dubey e t a l . 

1 9 9 2b ) . Repeated t ransplacental infect i on has a l s o  been reco rded 

in dogs ( B j erkas & Presthu s  1 9 8 8 ;  Dubey et al . 1 9 8 8b )  and in 

c at s ,  N .  can i n um c an be t ransmitted tran splacent a l ly both when 

the i n f e ct i on wa s acqui red dur ing pregnancy and in infect i on 

a cqui re d  before pregnancy ( Dubey & L inds ay 1 9 8 9 a )  . 
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1 . 2 . 5  I solation and Cultivation . 

1 . 2 . 5 . 1  Cell culture . 

The c e l l  cultures from whi ch the o rgan i sm was f i rst i s o l ated 

were bovine monocyt es ( B . M . ) and bovine card i o -pulmonary art e r i a l  

( C . P . A . ) endothe l ial c e l l s  ( Linds ay & Dubey 1 9 8 9b ;  Dubey e t  a l . 

1 9 8 8b ) . Howeve r ,  several other we l l -estab l i shed c e l l  l ines are 

a l s o  su i t ab l e  for cult ivat i on o f  N .  cani n um ( Co l e  e t  al . 1 9 92 

c it e d  b y  Dubey 1 9 9 2 a )  . 

T achy z o i t e s  are the only paras it i c  stage seen in cult ivated 

c e l l s . I n  several studi e s , the z oites we re seen mult iplying by 

endodyogeny , apparent ly by the s ame proce s s  as de s c r ibed for 

T .  gon di i ( Sheffield & Me lton 1 9 6 8 ;  Dubey e t  a l . 1 9 8 8 a ;  Spe e r  & 

Dubey 1 9 8 9 ;  L inds ay e t  a l . 1 9 9 3 a )  In fl asks o f  ce l l  culture 

inoculated with infected t i s sues from dogs , t achy z o i t e s  o f  

N .  can i n um in the endodyogeni c  stage can b e  seen after 1 day 

post inocu l at i on ( PI )  (Lindsay & Dubey 1 9 8 9b ) . 

Cytopathogenic e ffect s cons i st ing of " ho l e "  format i on in the 

mon o l ayer and rupture o f  infected ho st c e l l s  were f i rst seen 3 

days after inocu l at i on ( Lindsay & Dubey 1 9 8 9b )  . 

T achy z o it e s  obt a ined from c e l l  cultures have been used 

succe s s fu l l y  t o  infect dogs ( Dubey e t  a l . 1 9 8 8b ;  L inds ay & Dubey 

1 9 9 0b ) . 

1 . 2 . 5 . 2  I solation in l aboratory animal s .  

Mice ( Mu s  muscu l u s )  (Dubey e t  al . 1 9 8 8b ;  L inds ay & Dubey 

1 9 8 9 c ;  1 9 9 0 a , b ) , and rat s ( Ra t t us n orvegi cu s )  ( Li ndsay & Dubey 

1 9 8 9 c )  are the l aborat o ry anima l s  whi ch have been used for the 

i s o l at i on o f  N. can i n um . 

Normal immunocompetent mice and rats seem t o  be res i st ant 

t o  i n fe ct i on with viab l e  N. c a n i n um t achy z o i  t e s . Howeve r ,  di s e a s e  
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c an be produ ced by tre at ing the anima l s  with methylpredn i s o l one 

acetate (MPA) . Var i at i on o f  exp re s s i on o f  the di s e a s e  ( subacut e 

or chroni c )  may be produced by manipu l at ing the do s age o f  MPA and 

the number of t achyzo ites ino c u l ated ( Linds ay & Dubey 1 9 8 9d)  . 

Furthermo re , d i fferent strains of mi c e  

sus cept ibi l ity t o  infect i on a n d  N .  can i n um 

di f f e r  in 

can cause 

infect i on in certain strains 

c o rt i c o st e r o ids ( Dubey 1 9 9 2 a )  . 

of inbred m i c e  not 

the i r  

l ethal 

given 

Alt ough l e s i ons were pre sent in mo st o f  the o rgans in both 

mi c e  and rat s ,  encephal it i s  and pneumon i a  were the main l e s i on s  

i n  the m i c e  ( Li ndsay & Dubey 1 9 8 9d ;  1 9 9 0 a ;  1 9 9 0b ) , whe reas 

hepat i c  ne c r o s i s  was the most s t riking finding in r at s  ( Lindsay 

& Dubey 1 9 8 9 c )  . 

1 . 2 . 6  Host-parasite rel ationship . 

Abundant evidence now indicates that N .  can i n um doe s  not 

affect a l l  anima l s  with the s ame severit y ,  and infect i on is not 

always fat a l  ( Dubey e t  al . 1 9 8 8b ,  Dubey 1 9 9 0 a ) . 

N .  can i n um i s  c on.3idered a primary pathogen o f  dogs and 

probab l y  in s ome other an ima l s  and no othe r c oncurrent 

undermining di sease has been reported ( Dubey et a l . 1 9 8 8 a ;  Dubey 

1 9 9 3 ) . Howeve r ,  immunost:ppre s i on caused by admini strat i on o f  

cort i co s t e r o i ds c an exaceLbate acute or chroni c  neosporo s i s  i n  

experiment a l l y i n fected aninal s .  Ne ither breed predi spo s it ion nor 

sex sus cept ibi l it y  has  been de s c ribed in dogs o r  other anima l s  

(Dubey 1 9 9 0 a )  . 

The mechan i sm o f  pathogenE::s i s  of N. cani n um i s  not yet fu l ly 

underst ood . S ince the foetus c an be a ffected from a chroni c a l l y  

infected dam, paras i t aemia mus t  �e a feature o f  the d i s e a s e . I t  

i s  known t hat it i s  an intrace l l�lar para s i t e  that c an rapidly 

ki l l  host c e l l s  by act ive mul t ip l i c,·.t i on o f  t achy z o i t e s .  Howeve r ,  

whether o r  n o t  t o x i c  product s are l iberat ed b y  N .  c a n i n um h a s  not 

been det e rmined ( Dubey 1 9 9 0 a )  . The organ i sm c an de s t roy a variety 
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o f  neural c e l l s  produ c ing a severe neuromu s cu l ar d i s e a s e  in dogs 

and probabl y  other animals . The pre sence of tachy z o it e s  in the 

brain and spina l cord is a s s o c i at ed with foci of gl i o s i s  with or 

without cent ral necro s i s ,  and perivas cular mononuc l ear cuf fing 

( Dubey & Lindsay 1 9 9 0b ;  Dubey et al  1 9 8 8 a , b ) . 

T i s sue cysts  s cattered throughout the CNS are o ften not 

surrounded by a z one of host react i on . However ,  with degenerate 

cysts  o r  free brady z o it e s , a granul omat ous inflammat ory response 

is c ommon ly deve l oped by the host ( Dubey 1 9 9 0 a ;  Dubey e t  a l . 

1 9 9 0 c ;  1 9 9 2 a ) . 

1 . 2 . 7  Neospora-induced protozoal abortion in cattl e. 

1 . 2 . 7 . 1  Introduction and history . 

In the l as t  decade , abort ed bovine foetu ses with a di st inct 

patt ern of i n f l ammatory les ions have been seen i n  vet e r inary 

di agnost i c  l aborat o r i e s  throughout New Z eal and ( Johnstone , 

per s onal communi cat ion ) and ove rseas ( Barr et a l  1 9 9 0 ;  Anderson 

et a l . 1 9 9 0 )  . The l e s i ons c on s i sted of focal non-s uppurat ive 

necrot i z ing encepha l it i s  and myo cardi t i s  and resemb l e d  tho s e  seen 

in T. gon di i  infect i on s  o f  sheep (Hart ley & Kat e r  1 9 6 3 ;  Dubey & 

Beatt ie 1 9 8 8 )  . S ince c attle appear t o  be res i stant t o  T .  gon di i 

infect ions ( Dubey 1 9 8 6 ) , inve s t i gat i on s  were begun int o t he cause 

of the s e  abort i ons . 

I n  1 9 8 8 ,  a Neospora - l ike parasite was first i dent i f i ed in 

two aborted foetuses from a Ho l st e in dairy herd in New Mex i c o , 

USA ( Th i l sted & Dubey 1 9 8 9 ) . Lat e r ,  s imi lar paras i t e s  were found 

in a s t i l lborn beef c a l f  born from a Shorthorn he i fer in 

Maryl an d ,  USA ( Dubey et a l . 1 9 9 0 e ) . Ret rospect ive s tudi e s  found 

s imi l a r  prot o z o a l  infect i ons in other s t at e s  of the USA ( Pa r i s h  

e t  al  1 9 87 ,  Dubey e t  a l . 1 9 8 9 a ,  Shivaprasad e t  a l . 1 9 8 9 )  and i n  

Aust ral i a  ( Dube y  e t  a l . 1 9 9 0b )  . The o rgan i sm h a s  b e e n  now 

impl i cated a s  a ma j o r  c ause of abort i on in dai ry cattle in 

Cali forn i a  (Barr e t  a l . 1 9 9 0 ;  1 9 9 1 ;  Ander s on et a l . 1QQO; 1 9 9 1 ; ) ,  
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New Zealand ( Thornton e t  a l . 1 9 9 1 )  and Great B r i t a in ( Ot t e r  e t  

a l . 1 9 9 3 ) . 

It  has st i l l  not been dete rmined i f  dogs and c at t l e  are 

a ff e cted by the s ame paras ite o r  di f ferent strains o f  the s ame 

spec ie s . The l it erature on this t op i c  i s  somewhat confu sed and 

the use the t e rms N. caninum ,  N. c a n i n um-like , Ne osp o r a  sp . ,  

Ne o spora-l i k e  for the paras ite found in herbivores adds t o  the 

prob l em . The paras ites examined to date s eem to be structura l l y  

s im i l ar ,  a l though s ome di fferences have been not i ced between i n  

vi vo and i n  vi tro studies ( Conrad e t  al . 1 9  9 3 a )  . Howeve r ,  

immuno l ogi c studies tend t o  sugge st that there a r e  di f ferent 

st rains of Ne osp ora spp . (Barr et a l . 1 9 9 1 ; Conrad e t  a l . 1 9 9 3 a ) . 

The Neospora st rain derived from cat t l e  i s  simi l a r  t o  the dog 

st r a in and reacts s t rongly against ant i -N . can i n um s e r a . The 

bovine strai n ,  in contrast with the dog strai n ,  a l s o  reacts 

po s it ively to ant i- H .  hammondi sera and has a va r i ab l e  degree 

of react ivity to ant i - T .  gon di i sera . Thi s  pattern of r eact i on 

h a s  been obs erved in c attle ( Barr e t  a l . 1 9 9 0 , 1 9 9 1 )  and i n  goat s 

( Ba r r  et a l . 1 9 9 2 ) . I n  other report s  invo lving he rbivo r e s  such 

a s  sheep , goat s and horse s ,  in which neosporo s i s  h a s  been 

obs e rved, t he paras ite was refe rred t o  as N. can i n um or 

N.  caninum-l i ke and det a i l s  o f  immunohi st ochemic a l  react i ons 

against H .  h ammondi o r  di ffe rent strains of T .  gondi i were not 

given (Dube y  et al . 1 9 9 0 c ;  1 9 9 2 a ;  Dubey & Port e r f i e l d  1 9 9 0 ) . On 

the other hand,  recent work by C o l e  et al . ( 1 9  9 3 )  , u s ing 

mon o c l onal ant ibody , suggested that there were no ant i geni c 

di f ference s between t he two strains and that the p revi ou s report s 

suggest ing d i s t inct immuno logic pattern s  were due t o  t he use o f  

a polyclon a l  rabbit ant i -N. can i n um serum . 

1 . 2 . 7 . 2  Epidemiology . 

S ince abo rt i on and neonat al para lys i s  due t o  Ne o spora 

i n fe ct i on was f i rst di agnosed in cat t l e  in USA ( Th i l st e d  & Dubey 

1 9 8 9 ;  Shivaprasad et a l . 1 9 8 9 ;  Dubey e t  al . 1 9 8 9 a )  and Engl and 

( Dubey 1 9 8 9 ) , it has been ident i f ied in many count r i e s  throughout 
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the wor l d  inc luding Australia ( Dubey e t  a l . 1 9 9 0b ;  Obendo r f  & 

Mason 1 9 9 0 ) , New Zeal and ( Thornt on e t  a l . 1 9 9 1 ) , Ho l l and ( Wouda 

e t  a l . 1 9 9 2 ) , Japan ( Ogino e t  a l . 1 9 9 2 ) , Canada ( B ryan et a l . 

1 9 9 4 ) , S outh Afri c a  ( Jardine & Last 1 9 9 3 ) , and in s everal s t at e s  

o f  U . S . A .  ( Linds ay e t  a l . 1 9 9 3b ) . It  i s  therefore l i kely t o  have 

a worldwide di st r ibut i on . 

Although Ne o spora sp . has been imp l i cated a s  a cause o f  

spo radi c abort ion (Dubey e t  a l . 1 9 9 0 e ) , more import ant l y  i t  i s  

a s s o c i ated with mu lt iple abort i on s  ( Th i l sted & Dubey 1 9 8 9 ,  

L indsay e t  a l . 1 9 9 3b ) . In  one report ( Th i l sted & Dubey 1 9 8 9 )  

2 9  cows from a 2 4 0  drylot Hol st e in dairy herd aborted over a 

per i od o f  approximat e l y  5 months . The foet u s e s  were o f  5 - 7  months 

ge s t at i on and Ne ospora - l ike organi sms were observed in the brains 

o f  two foetuses and in the kidney o f  a third from a total of 

nine examined . 

I n  North Ame rica , detai led ret r o spect ive studies u s ing an 

immunope roxidase techni que revealed the pre sence of Ne osp o ra sp . 

in 1 9 % o f  a t ot a l  of 4 6 8  abort i on cases s ubmitted for 

invest igat i on (Anderson e t  a l . 1 9 9 0 ;  1 9 9 1 ) . 

In  New Zeal and, studie s  c onducted at the Bat che l a r  Animal 

Hea lth Laborat ory ( Thornton e t  a l . 1 9 9 1 )  showed that 28 % of 3 2 0  

c a s e s  s ubmitted for diagnos i s  had h i st opatho l ogi c a l  features 

t yp i c a l  o f  prot o z oal  infect i on . The pre sence o f  Ne o sp ora 

par a s i t e s  was confirmed by immunohi s t ochemi stry i n  some c a s e s . 

Dat a from the New Zealand studi e s  revealed that the ave rage 

of the n on-spo radic abort ion rat e s  on a f fected farms for the 

1 9 8 9 - 9 0  year wa s 6 %  with a maximum o f  3 0 %  on one f a rm ( Thornton 

et a l . 1 9 9 1 ) . H i gher values were report e d  by Anderson et a l . 

( 1 9 9 2 )  in the U . S . A .  where t he preva l ence o f  Ne osp ora sp . 

abo rt ion varied from 2 0 %  t o  4 0 %  in e i ght c ount ies studi e d . 

The mean gest at i onal age o f  the abo rted fetuses was 5 . 4  

months with a range o f  3 . 5 t o  8 months i n  the USA (Ander s on e t  
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a l . 1 9 9 0 ;  1 9 9 1 )  whi le the New Z e a l and dat a sugge sted t hat 

abort ions were more c ommon early in gestat i on ( Thornt on et a l . 

1 9 9 1 )  . Abort i on s  occurred at any t ime o f  the year (Ande r s on et 

a l . 1 9 9 0 ;  Tho rnton e t  al . 1 9 9 1 ) although Anderson e t  a l . ( 1 9 9 1 )  

reported a peak o f  f requencies during spring and l at e  autumn . 

Although mo st o f  the abort ions reported were from dai ry 

f a rms , beef c att l e  can a l s o  be a f fe cted ( Dubey e t  a l . 1 9 9 0 e ;  

Dubey e t  a l . 1 9 9 2 c ;  Parish e t  a l . 1 9 8 7 )  but n o  breed 

predi spo s it i on has  been i dent i fied . 

I n  most o f  the literature reviewed, no othe r cau s e s  o f  

abort ion appear t o  interact with Ne osp ora s p  . .  The except i on i s  

a report from Nebraska (Rogers e t  al . 1 9 9 3 )  where Ne osp o ra spp . , 

Sarcocys t i s  spp . and an unident i fied prot o z o an were be l i eved t o  

be re spon s ible for 7 0  abortions in a 4 5 0  H o l s te in h e r d  over Jul y  

1 9 9 0  - S eptember 1 9 9 2 per i od . 

Congenital  Ne ospora sp . i n fect i ons have been obs erved in 

f ive c alve s  born t o  four Ho l stein c ows that had previ o u s l y  

abo rt e d  because o f  Ne o spora sp . infe ct i on ( Barr e t  a l . 1 9 9 3 ) . The 

cows did not demonstrate c l inical  abno rmal it i e s  be f o re de l ive r y . 

Two o f  the five c a lve s  had clear c l in i c a l  evidence o f  neuro l o g i c  

de f i c it s  cons i s t ing o f  at axi a ,  decre a s ed patellar reflexes , and 

s l i ght l o s s  of c on s c i ous propriocept ion in either both pelvic 

l imbs ( one c a l f ) , or a l l  four l imbs ( the other ) . 

1 . 2 . 7 . 3 Clini cal signs and pathology . 

Cows infected with Ne ospora sp . show no c l in i c a l  s i gn s  other 

than abo rt i on . No spe c i f i c  gro s s  findings have been reported in 

foetus e s  a s s o c i ated with Neo spora sp . infect i on apart f rom 

aut o l y s i s  and o c c a s i on a l l y  mumm i f i c at i on ( Thi l sted & Dubey 1 9 8 9 ;  

N i e t f e l d  e t  a l . 1 9 9 2 ; Thornt on et a l . 1 9 9 1 ;  Barr e t  a l . 1 9 9 0 ) . 

The hist o l og i c a l  l e s i on s  in aborted foetu s e s  a re 

predomi nant ly in the CNS and myocardium, although occa s i on a l l y  
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lungs and k i dneys are affe cted . Microscop i c a l l y ,  a f fected brains 

have mult i focal haemorrhage , mult i focal g l i os i s  in grey and/ or 

whi t e  matter , perivascular l ymphocyt i c  cuffing and mult i focal 

mal a c i a ,  u sual l y  in white matter . Affected hea r t s  have d i f fuse 

mononu c l e a r  myo c ardit i s  and epi cardit i s ,  and focal  o r  di ffuse 

myo ca rdi a l  necro s i s  with or without c a l c i ficat i on ( Barr e t  a l . 

1 9 9 1 ;  Ander s on et a l . 1 9 9 1 ) . In  the CNS ,  the l e s i ons have a 

random di s t ribut ion but are more e a s i l y  recogn i z ed in the brain 

stem because it undergoes aut o l ys i s  l e s s  rap i dly than the 

cerebrum . Early l e s i ons cons i st o f  necro s i s  o f  t he neurop i l  with 

or w ithout haemorrhage but the s e  l e s i ons are di f f i cult to 

recogn i z e  in an aut olysed foetus ( Dubey 1 9 9 3 )  

Only occa s i onal t achy z o ites can be seen u s ing l i ght 

mi c r o s copy without the a i d  o f  immunohi st o chemi s t ry . 

Necro s i s  o f  the p l a cent al cotyledonary vi l l i  has been 

de s c r ibed a s s o c i ated with a Neospora - l i ke abort ion , but paras it e s  

are rare l y  observed ( Shivapra s ad & Dubey 1 9 8 9 )  . 

There has been one report o f  a st i l lborn c a l f  infected with 

Ne osp ora sp . whi ch had arthrogryp o s i s  ( D ubey et a l . 1 9 9 0b ) . The 

caudal cervical and cran i a l  thorac i c  segment s of the spinal cord 

were asymmet r i c  because o f  a marked u n i l ateral reduct ion o f  

vent r a l  grey matter and focal cavitat i on . Le s i on s  t ypi c a l  o f  

Ne osp o ra sp . i n fe ct i on and t i s sue cyst s were observed in the 

spinal cord . 

Newborn c alve s infected with Ne o spora sp . have shown 

weakn e s s  and paraly s i s  (0' Toole & Je f frey 1 9 8 7 ; Dubey et a l . 

1 9 8 9 a ;  Dubey 1 9 8 9 ;  Bryan e t  a l . 1 9 9 3 ;  Barr et a l . 1 9 9 3 ; Dubey et 

a l . 1 9 9 2 c ;  P a r i sh et a l . 1 9 8 7 ) . Usua l l y ,  the c al ve s  were born 

without c l i n i c a l  s i gns , but the s e  become apparent within the 

fi rst week aft e r  b i rth ( 3- 5  days ) although Dubey et a l . ( 1 9 92 c )  

have r eported c l in i c a l  neosporo s i s  i n  a 4 week-o l d  Her e fo rd cal f 

( Indi ana U SA) . 
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D e s c r ipt i ons o f  c l inical  c a s e s  have reported that the 

a f fe cted c a l f ' s deme anour ranges from bright and ale rt to m i l dl y  

depre s s e d . Rectal t empe rature , heart and respiratory rates are 

normal and abnorma l it ies are confined to the nervous and / o r  

mus culoske let a l  s y s t ems ( Dubey e t  a l . 1 9 8 9 a ;  Dubey 1 9 8 9 ;  Bryan 

e t  a l . 1 9 9 4 ;  Barr et a l . 1 9 9 3 ;  Dubey e t  a l . 1 9 9 2 c ;  O ' T o o l e  & 

Je f frey 1 9 8 7 ;  Pari sh et a l . 1 9 8 7 ) . I n  mo st affe cted c alve s  the 

cranial nerve funct i ons are normal , but one c a l f  has been 

de s c ribed in which the eyes were devi ated ventromedi a l l y  and the 

menace re f l ex was absent ( Bryan e t  a l . 1 9 9 4 ) . 

The principal def i c it obse rved i s  l ack o f  l imb 

propriocept ion,  with the hind l imbs more severely affected . S i gn s  

are c ompat ible with cervi cal or gene ral i zed spina l  cord l e s i ons . 

No o s seous o r  muscu l ar deformi t i e s  have been found and the c a lve s 

spinal c o l umns are radiographically normal . The ce rebro spinal 

f l u i d  may o r  may not show pleocyt o s i s  ( Dubey et a l . 1 9 8 9 a ;  Dubey 

1 9 8 9 ;  Bryan e t  a l . 1 9 9 4 ; Barr e t  al . 1 9 9 3 ;  Dubey e t  a l . 1 9 92 ; 

O '  T o o l e  & Je ffrey 1 9 8 7 ; P a r i sh et a l . 1 9 8 7 ) . Becau s e  o f  the 

paraly s i s , affect e d  calves are genera l ly unable t o  suckl e . 

Hist opathological  studie s  o f  t he s e  newborn c a lve s have 

revealed t hat the damage was mainly confined t o  the CNS . The 

l e s i ons we re characteri zed by perivas cular cuff ing and randoml y 

d i s t ribute d  areas o f  necro s i s  surrounded by inflammat ory c e l l s  

( gl i al o r  mononuc l e a r )  i n  both grey and white matter throughout 

the brain and spinal cord . Addi t i on a l l y ,  scattere d  foci  of 

men ingit i s  were a l s o  reported (Brian et a l . 1 9 9 4 ) . T achy z o it e s  

o f  Ne osp o ra sp . wer e  seen in the brain and spinal cord . O n l y  one 

c a l f  showed additi onal les i ons in the heart and ske l et al mus c le s  

in whi ch t a chyz o i t e s  were pre sent ( Dubey 1 9 92 c )  . 

1 . 2 . 7 . 4  Diagnosis and control . 

For ant emortem di agno s i s  in catt l e ,  an indi rect fluores cent 

ant ibody ( IFA) test has recent l y  been used succe s s fu!ly ( Conrad 

e t  a l . 1 9 9 3b ;  Tre e s  e t  a l . 1 9 9 4 ) . The t e st con f i rmed infect i on 
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in both natura l l y  and experiment a l ly i n fected c ows that aborted 

Ne ospora-i n fected foetuses . The t itres were hi ghe st at the t ime 

o f  the abort ion ( 1 : 3 2 0 - 1 : 5 , 6 4 0 )  and de creased within 1 5 0  days 

after the abort i on epi s ode t o  1 : 1 6 0 - 1 : 6 4 0 . The t e s t  was a l s o  able 

t o  detect precol ostral ant ibodies in infected c a l ve s . 

Immun ohi stochemi cal methods us ing polyclonal ant i s e rum and 

the avidin-b i ot in peroxidase complex (ABP C )  syst em are current ly 

used to detect Neospora sp . paras ites in t i s sue sect ions ( Lindsay 

& Dubey 1 9 8 9 a ;  B j erkas & P re sthus 1 9 8 8 ;  Barr e t  al . 1 9 9 1 ) . 

Depending on the chromogen emp l oyed, t he react ive paras i t e s  st ain 

brown ( 3 , 3 ' -di aminoben z idine tet rahydrochlo r i de [ DAB ] as 

chromogen ) o r  red ( 3 -amino- 9 -ethyl carba z o le [AE C ]  as chromogen ) 

and a re readi l y  vi s ible i n  the b l ue counterst ained t i s sue 

sect i ons . 

A mous e  monoc l onal ant ibody ( MAB )  prepared against Neospora 

cani n um t a chyz o i  tes  and brady z o i  t e s  which i s  react i ve in the ABPC 

immunohi s t o chemical test has a l s o  been deve l oped recent l y  ( Cole 

et a l . 1 9 9 3 )  . Thi s monoc l onal ant ibody did not react with 

T. gon di i or 1 3  other genera of prot o z oa t e sted . 

Ne osp ora sp . can be a l s o  i s ol at e d  from infe cted t i s sue by 

inocu l at i on o f  c e l l  cultures or l aboratory anima l s  ( as d i s cu s sed 

previ ou s l y )  . I s o l at i on o f  Neospora sp . from aborted bovine 

foetu ses has been di fficult because foetuses a re gene r a l ly 

moderat e l y  t o  s everely aut o l ysed at the t ime o f  abort i on and 

prot o z o a l  t i s sue cyst s are present in only a re l at ive ly sma l l  

proport i on o f  t h e  infected foetuses ( Barr e t  a l . 1 9 9 0 ) . P revious 

studi e s  have sugge sted that most of the prot o z o a l  cyst s are 

adve r s a l y  a ffected by aut o l y s i s  ( Barr et al . 1 9 9 1 ) . 

D e sp i t e  these problems , Conrad et a l . ( 1 9 9 3 )  recently 

succeeded i n  i s o l at ing the parasite from two bovine foetuses from 

a t o t a l  o f  more than 1 0 0  examined over a two year period . 

Compar at i ve ly l it t l e  aut o l y s i s  t ogether with a r e l at ive l a rge 
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number o f  c y s t s  appeared t o  be c r i t i c a l  factors  i n  the i s olat i on 

( Conrad e t  a l . 1 9 9 3 ) . 

Cont rol programs c annot be devi sed unt i l  the l i fe cycle and 

reservo i r  host have been det ermined and the s ou rce of Ne osp ora 

sp . infe c t i on in catt l e  i s  estab l i shed . 

1 . 3 .  Toxop�asma gondii . 

Toxopl a sma gondii i s  an int e st inal coccidi an o f  fe l ids with 

an unusua l l y  wide range of int e rmediate host s . I n fect i on by this 

paras ite i s  c ommon in many warm bl ooded anima l s ,  inc luding man 

and bi rds . 

A comprehen s ive review o f  T .  gondii and r e l at ed api c omplexan 

prot o z o a l  infect i on in New Z e a l and has been recent l y  pub l i shed 

by Charleston ( 1 9 9 4 )  . 

1 .  3 . 1 .  Structure and life cycle in comparison with Neospora . 

The p r i n c ipal different i a l  structure s between T .  gondi i ,  

Sarcocys t i s  cru zi ,  and Ne osp ora spp . are shown in T ab l e  1 .  
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TABLE 1 : D IAGNOSTIC AND LIFE CYCLE FEATURES OF AP ICOMPLEXAN 
PROTOZOA THAT CAUSE ABORTION IN RUMINANTS . 

Feature Neospora spp . Toxop�asma Sarcocysti s 
gondii cruzi 

Tachy z oites ( o r  Meroz o ites ) . 

Morpho l ogy : 
S i z e  - 5-7 x 1 -5 J.lm - 6x2 J.l -4 - 8 x 1 . 2 - 1 . 5 J.lm 
Shape -ovo id, lunate -cres cent . - e l ongated . 

o r  globu l ar . 
Staining -PAS -PAS + -PAS + 

St ructure : 
P arasitophor . - absent o r  - pre sent . - abs ent . 
vacuo le present . 
Micropore - absent ( * )  . - pre sent . - absent . 
Rhopt r i e s  - present . - pre sent . - absent . 

Mu lt ipl i c at i on - endodyogeny . - endodyogeny . -endopo l ygeny . 
Lo cat i on -int race l lular - intrace l l u l ar -int race l lu l ar 

in var i ou s  i n  var ious endothe l i a l  
c e l l  t ypes . cell  t ype s . ce l l s . 

T i s sue cyst . 

Morpho l ogy : 
S i z e -3 0 - 1 0 0  J.lrn -5-1 0 0  J.lm - < 5 0 0  J.lm 
Cap s u l e  -thick 1-4  J.lm, -thin 0 , 5  J.lm , - thin < 1 J.lrn ' 

without s epta without septa with sept a 
- PAS - PAS + - PAS + 

Locat i on CNS and eye Any t i s sue Al l s t r i at e d  
(pref . mus c le mus c le and CNS 

and CNS ) 

Definit i ve Unknown Fe l ids Cani ds 
host 

P reva l ence of Common i n  C ommon in Occ a s i onal in 
abort i on bovine ovine bovine 

( * )  micropores have not been seen in tachy z o i t e s  in anima l s  but 
h ave been f ound in t achyz o i t e s  grown in c e l l  culture . 

Unl ike N. can i n um ,  t he l i fe cycle o f  T .  gon di i i s  we l l  

e s t ab l i shed . Cat s c an acqu i re infe ct i on i n  t hree primary way s ; 

b y  c arnivo r i sm with the inge stion o f  cysts c ont ain ing brady z o i t e s  

i n  the t i s sue o f  a n  intermediate host , by i n gest i on o f  oocy s t s  

p revi ou s l y  passed by a n  i n fe cted c at and by c ongenital  infect i on 
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result ing from p a ra s item i a  during pregnancy . O f  t he s e  three 

methods c arnivori sm is the most e f f i c i ent form of t ransmi s s ion 

and is the on ly one which has been studied in det ai l . 

Afte r  ingest i on of t i ssue cyst s ,  the brady z o i t e s  are 

r e l eased . The free o rgani sms penet rate the epithe l i a l  c e l l s  of 

the sma l l  intestine and undergo a s e r i e s  o f  asexual generat i on s  

f o l l owed by a sexu a l  cycle . The male gamete fert i l i z e s  the fema l e  

gamete and a wal l  i s  formed around the l atter giving r i s e  t o  an 

o o cyst , which pas s e s  unsporulated in the faece s . Sporu l at i on 

o c curs out s i de the body and oocyst s become infect i ou s  within one 

to f ive days aft e r  excret i o n . Thi s infect i ve st age c an survive 

i n  s o i l  for several months ( Dubey and Beat t i e  1 9 8 8 )  TIE emJxe 
c o c c idian cycle o f  T .  gondi i  can be completed within 3 days after 

i nge st i on o f  a t i s sue cyst . Thi s ente roepithe l i a l  cyc l e  is  onl y  

obs e rved i n  cats . 

In a l l  other host s ,  and in cat s s imultaneous l y  with the 

enteroepithe l i al cyc l e ,  an extraint e s t in a l  cycle occurs ( sexual 

s t ages do not occur in non- feline host s )  . 

I n  the extraintest ina l cyc l e ,  a fter i nge st i on o f  i n fected 

t i s sue o r  oocyst , the bradyzoites or sporo z o ites penetrate 

i nt e s t inal ce l l s ,  mu lt iply asexu a l l y  as t achyz oites and spread 

t o  other o rgans . The s e  t achyzoites multiply in almost any t ype 

of host c e l l  unt i l  the cell is dest royed and mo re tachy z o it e s  are 

r e l eased . Thus the t achy z o i t e s  may repeat the cycle i n  new host 

c e l l s  but w i l l  eventua l ly encyst and deve l op into b rady z o i t e s  

(Dubey and Towle 1 9 8 6 ;  Dubey and Beat t i e  1 9 8 8 )  

Wide sp read natural infection i s  pos s ib l e  because a c at may 

e xc rete mi l l ions of o ocyst s after ingest ing one infected mous e . 

T h i s  l a rge excret ion o f  oocysts usua l l y  o ccurs only during 1 - 3  

weeks fol l owing the init i a l  infect i on . Afte r  that a high leve l 

o f  r e s i s t an ce i s  e s t ab l i shed ( Dubey and Beatt ie 1 9 8 8 )  . Oocysts 

c an also b e  mechan i c a l ly t r ansmitted by invertebrat e s  such as  

f l ie s , cockroache s  and earthworms , o r  di sper s ed by rain and snow . 
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Inge s t i on o f  oocysts i s  the only mode of t ransmi s s i on t o  

herbivores ( F renke l 1 9 9 0 ,  Munday 1 9 7 2 ) . 

1 . 3 . 2 .  Abortion in sheep and goat s . 

1 .  3 . 2 . 1 .  Sheep . 

Toxopl a sma gon di i wa s f i rst di agnosed as a cau s e  o f  abort ion 

in sheep in New Z e a l and in 1 9 5 1  ( H a rt ley e t  a l . 1 9 5 4 ) when it was 

known as New Z e a l and type 2 abort i on . S ince then the p a r a s ite has 

been recogn i z ed a s  a ma j or cau s e  of abort i on in sheep in t h i s  

c ount ry a s  we l l  a s  Aus t ral i a ,  Brit a i n ,  Norway , Canada , the former 

USSR and in many s t ates o f  North America and probab l y  F rance 

( Dubey and Kirkbr ide 1 9 8 4 ; Underwood and Rook 1 9 9 2 )  . Serologic 

studie s  have also shown the wor l dwide prevalence o f  Toxop l a sma 

i n fect i on ( Dubey and Towle 1 9 8 6 )  . 

Toxopl asmo s i s  i s  perpetuated i n  the rural envi ronment ma inly 

by bi rd/ c at and rodent / cat cycles ( Ki rkbride 1 9 8 5b ;  Dubey e t  a l . 

1 9 8 6 a )  . Sheep acquire infect i on by ingest ing food c ont aminated 

with oocy s t s  derived from cat faeces . The organi sm i nvade s the 

gastroint e st inal t ract and regional l ymph nodes and ent e r s  the 

b l oods t re am . Anima l s  are usua l l y  a s ympt omat ic at the t ime of 

i n i t i a l  i n fect i on ( Ha rt l ey and Kat e r  1 9 6 3 )  . 

I n  a suscept ibl e  pregnant ewe , t achy z o i  t e s  o f  T .  gon di i 

i n fect the p l acent a and the foetus at the end o f  the period o f  

paras itemi a ,  whi ch u s u a l l y  l ast s 2 weeks after t he i n ge s t i on o f  

o o cyst s ( Dubey and Sharma 1 9 8 0 )  . Thus t ransplacent a l  infect i on 

o f  T .  gon di i c an cause early emb ryon i c  death and r e s o rpt i on ,  

f oetal death and mummi f i cat ion,  abort i on ,  st i l lb i rth,  o r  neonat al 

de ath , depending l arge ly on the s t age o f  pregnancy at whi ch the 

ewe become s infected ( Dubey and T ow l e  1 9 8 8 )  . 
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- Le sions in aborted material 

Toxopl a sma - induced l e s i ons in s heep were de s c ribed in det a i l  

b y  Hart ley & Kate r  ( 1 9 6 3 ) , Beverley e t  a l . ( 1 9 7 1 ) , and Buxton and 

F i n l ayson ( 1 9 8 6 )  . Toxop l a smo s i s  di f fers from neosporo s i s  in 

having charact e r i s t i c  pl acent a l  l e s i ons . In the p l a c ent a ,  the 

main change s are focal inflammat i on and necro s i s  o f  the foetal 

cotyl edon ; inte rcotyl edona ry areas are normal . 

The charact e r i s t i c  gro ss placental les i on c on s i s t s  o f  white 

f l e ck s  o r  mul t iple white ,  chalky nodu l e s  up to 2 mm in d i ameter 

whi ch are found in approximately half o f  the con f i rmed c a s e s . 

Thes e  foci may be spar s e  and may occur in any l eve l o f  the 

cotyledon and a l s o  not a l l  cotyledons are affected t o  the s ame 

degree . Therefore , wa shing the c o t y ledon in order t o  expose the 

deeper l e s i on s  i s  a u s e fu l  techn i que . 

The l e s i on s  invo l ve necro s i s  o f  me senchymal c e l l s  in the 

foet a l  vi l l i ,  oedema and infilt rat i on s  of mononu c l e a r  c e l l s  

a s s oc iated with hyperp l a s i a  and foc a l  coagul at ive ne c ro s i s  o f  the 

t r ophobl ast i c  epithe l ium . O l der l e s i on s  may show mineral i z at i on . 

S ingle t achy z o it e s  and c lumps o f  organi sms are u sual ly 

pre s ent in sma l l  numbers . In o l de r  les i ons , tachy z o i t e s  may be 

seen at the edge of the necrot i c  f o c i . Toxopl asma t i s sue cysts 

may be found occas i ona l l y  ( Dubey 1 9 8 7 a ) . 

In  the foetus , Toxop l a sma - induced gro s s  l e s ions are 

generally nonspec i f i c . Sma l l  c i rcums c r ibed di s c rete chal ky 

nodu l e s  up t o  1 mm in di ameter have been described in the l iver 

( Ha rt ley and Kater 1 9 6 3 )  but the s e  are rarely seen . 

Histologic l e s i ons are more c o n s i st ent ly found in the brain 

than in any other foet a l  t i s sue . F o c i  o f  leukoencephaloma l a c i a  

and gl i o s i s  a r e  the charact e r i s t i c  feature s o f  T .  gon di i  

infect i on . The mal a c i c  l e s i ons cons i st o f  focal mye l in l os s ,  

axonal swe l l ing and degene rat i on . Older l e s ions may show s ome 
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peripheral g l i o s i s  and cent ral c a l c i fi c a t i on . Occas i ona l l y ,  mi ld 

to moderate nonsuppurat ive meningoencepha l it i s  is seen . 

Toxop l a sma t i s sue cyst s are s omet ime s  s een adj acent t o  f o c i  o f  

g l i o s i s . 

Liver and lung l e s i ons are observed in a sma l l  proport ion 

o f  the foetus e s . Al s o  o c c a s i ona l l y  int erst it i al myo cardi t i s  can 

be observed in s ome o f  the aborted l amb s . Paras i t e s  are rarely 

seen in the lung or heart . 

1 . 3 . 2 . 2 .  Goats . 

In goat s ,  the preva l ence o f  Toxopl a sma infect ion based on 

s e ro l ogical  t e st s has been reported t o  vary from 0 t o  1 0 0  % on 

di f ferent farms ( Dubey et a l . 1 9 8 6b ;  Dubey 1 9 8 7 b ;  1 9 9 0b ) . A 

s urvey o f  1 8 5  goats in New Zealand indicated preva l ences ranging 

from 7 %  in k ids to 3 7 %  in adults ( Ope l et al . 1 9 9 1 ) . 

Goat s ,  as with sheep , become infected in nature by ingest i on 

o f  T .  gon di i oocysts pas s ed in c at faec e s ; thi s i s  the ma j or 

me ans o f  infect i on ( Dubey & Sharma 1 9 8 0 ;  Dubey 1 9 8 7b )  

Among a l l  the dome s t i c  food anima l s ,  goat s are thought t o  

be t h e  mo st s u s c ept ible t o  T .  gon di i  infect ion . I n  mo s t  adult 

go at s ,  c l in i c a l  e ffect s are confined to reproduct ive fai lures and 

e f fects on foetus e s ,  a lthough ,  un l i ke sheep , T. gon di i  infect i on 

may produce a var iety o f  l e s i on s  in adu l t  goat s . E ncepha l it i s ,  

nephri t i s ,  and peri renal steat it i s ,  hepat it i s , nec rot i z ing 

abomas it i s ,  ente r it i s ,  and cyst i t i s  have been de s c r ibed in adult 

goat s (Mehdi et a l . 1 9 8 3 ;  Chen & Al ley 1 9 8 7 ) . 

Toxopl a sma gon di i can c ause e a r l y  embryon i c  death, 

mumm i f i c at i o n ,  abort i o n ,  st i l lb i rt h ,  o r  b i rth o f  weak k ids in 

goat s (Munday and Mas on 1 9 7 9 ;  Dubey 1 9 8 1b ;  1 9 8 2 a ;  Dubey e t  a l . 

1 9 8 6b ) . Abo rt ion due t o  T .  gon di i c an t ake place in doe s  o f  a l l  

age s ( Dubey 1 9  9 Ob ) . Abort i on probabl y  o c curs mo st commonly in 

doe s  that acqu i re infect ion dur ing p regnancy although unl ike the 
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sheep , abort i on may be repeated in the next ge stat i on ( Dubey 

1 9 8 1b ;  Dubey 1 9 8 2 a ;  Beverly & Wat s on 1 9 7 0 ;  Obendorf et a l . 1 9 9 0 ) . 

The p l acent al l e s i ons o f  T .  gondi i-induced abort i on in goats 

are e s s ent i a l l y  s im i l a r  t o  those seen in s heep , but the foci  o f  

pl acent a l  necro s i s  may be smaller and l e s s  vi s ib l e  gro s s l y  

(Munday and Mason 1 9 7 9 ) . 

1 . 3 . 3 .  Toxoplasmosis in cattle . 

Cat t l e  are among the most res i st ant ho sts o f  T .  gondi i 

( Dubey and Beattie 1 9 8 8 )  a lthough worldwide report s o f  natural 

and exp e riment a l l y - induced T .  gondi i infection i n  catt l e  do 

e x i s t . Howeve r ,  in most of these studi e s  the means of diagn o s i s  

emp l oyed were o f  subopt imal speci f i c it y  ( Dubey 1 9 8 6 )  and 

therefore the dat a need to be int e rpreted with caut i on . 

There i s  only one report o f  c l in i c a l  toxopl a smo s i s  with 

i s o l at i on o f  Toxopl a sma- l i ke organi sms from adu lt c att l e . This 

oc curred in the USA 4 0  years ago ( S ange r e t  a l . 1 9 5 3 )  and t he 

re sults o f  thi s study have not been c on f i rmed . Abort ion and 

neonat al mort a l ity were a l s o  reported i n  catt le by the s ame 

authors . Howeve r ,  subsequent attempt s t o  induce abo rt ion in 

cat t le exper iment a l l y ,  us ing T. gondi i ,  were l arge ly unsucce s s ful 

( Dubey 1 9 8 6 ;  Stalhe im et a l . 1 9 8 0 ;  Munday 1 9 7 8 ) . 

The recognit i on o f  N .  can i n um and S .  cruzi , a s  

abo rt i f a c i ent 

s imi larity t o  

Beat t i e  1 9 8 8 )  

organi sms in cattle with the i r  structural 

T .  gon di i  ( Th i l sted and Dubey 

now casts cons iderable doubt 

1 9 8 9 ;  Dubey and 

on the earl i e r  

findings a n d  it seems l ike l y  that these c a s e s  were m i s di agno s e d . 

Serum ant ibodie s  to T .  gondi i have been reported in cat t l e  

wor l dwide and the dat a have been reviewed and tabu l ated by Dubey 

( 1 9 8 6 ) . Be cause o f  the prob l ems with test spe c i fi c it y ,  the actual 

p revalence rates are l ike l y  t o  be l ower than indi c ated 

1 9 9 0 c )  . I t  is  now known t hat the S abin-F e l dman dye t e st 

( Dubey 

( D T )  , 
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whi ch i s  cons i de red the mo st re l i able test f o r  evidence of 

Toxop l a sma i nfect i on in human be ings , i s  unsuit abl e  for diagn o s i s  

in cattle becau s e  a globul in pre s ent in bovine s erum causes 

f a l se-po s i t i ve results ( Dubey e t  a l . 1 9 8 5 ,  Dubey 1 9 8 6 ;  1 9 9 0 c ) . 

The sens it ivity and spe c i f i c i t y  o f  other s e rot e s t s  for the 

di agno s i s  of t oxoplasmo s i s  in c at t l e  have been evaluated ( Dubey 

et a l . 1 9 8 5 ) . Indirect hemagglut inat ing ant ibody ( IHA) and 

immuno fluore s cence ant ibody ( IFA) t e st s ,  t ogether with the S abin­

F e l dman dye t e st ( D T )  we re of poor spec i f i c it y ;  only the mod i f i ed 

agglut inat ion (MDA) test det ect e d  spe c i f i c  ant ibodie s . 

Whether o r  not T .  gondi i causes c l in i c a l  di s e as e  in c at t l e  

and whether o r  n o t  they are import ant in t h e  epi dem i o l o gy o f  the 

d i s ease are st i l l  uncert a in . F rom the l imit ed in format ion 

ava i l able it can be said that we l l -documented c a s e s  o f  abort i on 

and critical  evidence o f  c l in i c a l  disease in c at t l e  doe s  not 

e x i s t . Only recently has T. gon di i  been i s o l at e d  from the 

intest inal wal l  of a natural ly-infected c ow in the USA ( Dubey 

1 9 9 2 b ) . 

1 . 4 .  Sarcocystis spp . 

Sarcocys t i s  spp . are among the mo st prevalent para s i t e s  o f  

l ive stock . In c att l e  and sheep vi rtual ly a l l  adult an ima l s  are 

infected . The o rgani sm a l s o  infe c t s  many other mammal s ,  b i rds , 

c o l d-bl ooded anima l s ,  and man . 

1 . 4 . 1 .  Structure and l i fe cycle Sarcocysti s spp . in 

compari s on with Neospora spp . .  

The charact e r i s t i c  structural features o f  Sar c o cys t i s  cruzi 

in c ompari son with Neosp ora spp . and Toxop l a sma gon di i  are shown 

in T ab l e  1 .  

Sarc o cys t i s  has an obl i gat ory prey-predat or , two -hos t  l i fe 

cyc l e . Asexual s t age s devel op only in the int e rmedi ate host whi ch 
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i n  nature i s  o ft en a prey anima l . Sexua l stages deve l op onl y  in 

the de finit ive host whi ch is c arnivorou s .  

de f i n i t ive host vary for each spe c i e s  

The intermedi ate and 

of Sarcocys t i s . For 

e xamp l e , there are three named spe c i e s  o f  Sarc o cys t i s  known t o  

i n f e c t  catt l e ;  S .  cru z i ,  S .  h i rsu t a ,  and S .  h omi n i s . The 

de f i n i t ive ho st for the s e  spe c i e s  are cani ds , fe l i ds and primates 

respe c t ive ly ( Br i ggs & F oreyt 1 9 8 5 ,  Fayer & Dubey 1 9 8 6 ) . 

S a rcocys t i s  cruz i  i s  the mo st common and the most pathogeni c  

o f  the se spe c i e s  ( Fayer e t  a l . 1 9 7 6 ;  Dubey e t  a l . 1 9 8 2 ) . 

There f ore it wi l l  serve as the example in the f o l l owing 

de s c r i pt i on of a t yp i c a l  l i fe cycle . D ogs , coyotes , red foxe s and 

p o s s ib l y  wolve s , j ac k a l s  and raccoons are the de finit ive ho sts 

for S .  cruzi , whe reas the No rth Ame r i c an b i s on and c att l e  are the 

i ntermediate ho s t s ( Dubey 1 9 8 2b ; Fayer e t  a l . 1 9 8 2 ) . 

The de finit ive host become s infected by inge s t ing the 

encys t e d  form o f  the parasite in the mus cu l ature o f  intermed i ate 

hosts . Brady z o i t e s  l iberated from the s a rcocyst s ,  penet rate the 

mu cosa of the sma l l  inte st ine and t rans form into macro- and 

m i c ro- gamont s . The microgamete c ons i s t s  o f  a compact nuc leus and 

t wo f l age l l a . Microgametes l iberated from the microgamont s 

active l y  move t o  the periphery o f  the macrogamont and 

ferti l i z at i on t akes place whi ch give s  r i s e  to the z ygote whi ch 

deve l op s  into an oocyst (Fayer e t  a l . 1 9 8 2 ) . 

Oocysts sporu late in the intest inal l amina propri a  and the 

o o cyst wal l ,  whi ch i s  de l i cat e ,  usua l ly ruptures t o  r e l e a s e  t he 

two e n c l osed sporocyst s . The se a re t hen pas sed in the faece s . 

Sporu l ated sporocyst s are immediat e l y  infect ive t o  the 

intermed i ate host and this i s  a uni que feature of Sarcocys t i s  

spp . 

F o l l owing inge s t i on o f  a sporocyst by the intermediate host , 

sporo z o i  t e s  are released in the smal l  intest ine , whe re they 

penetrate the int e st inal muc o s a  and e ventua l l y  ent e r  int o  

art eri o l e s . The sporoz o ites t rave l t o  the mesenteric l ymph nodes 
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and embed in the endothe l i a l  and subendothe l i a l  c e l l s  where 

f i r s t -generat i on s ch i z ont s (me ront s )  are formed ( Re iten et a l . 

1 9 6 6 )  . Each meront contains s l ight l y  more than 1 0 0  mero z oites 

(Dubey 1 9 7 6 )  . These f i r st -generat ion mer o z o i t e s  then 

di f f e rent i at e  int o second-generat ion schi z ont s which give r i s e  

t o  about 2 5  mero z o i  tes . The s e  are s e e n  most c ommon l y  i n  the 

g l omerul i of the k i dney ( Dubey et a l . 1 9 8 0 ;  Dubey 1 9 8 1 a )  

Mero z o ites t rave l in the peripheral blood and ent e r  s t r i ated 

mus c l e  fibre s ( di aphragm, oesophagu s , heart , s k e l et a l  mus c l e ,  

t ongue ) where they encyst . The immature s arcocyst i s  sma l l  and 

c ont a ins met rocyt e s . When met rocyt e s  eventual l y  di f ferent iat e  

int o brady z o i t e s  whi ch are i n fect i ous for the canine de f i n i t ive 

host ( about 1 0  weeks aft e r  inocu l at i on ) , the sarcocyst i s  

c o n s i dered mature . Immature s arcocyst s and schi z ont s are not 

i n f e c t i ous for the definit ive host ( Dubey 1 9 7 6 ; Brigg s  & F o reyt 

1 9 8 5 )  . Sarcocys t s  may pe r s i s t  for the l i fe of the host , but many 

begin to d i s appe a r  a fter 3 months post i noculat i on . The mature 

s a rc o cysts  of S .  cruzi are mi croscop i c  and have a thin wal l  

cove re d  with fine h a i r-l ike prot rus i on s  (Dubey & F ayer 1 9 8 3 ) . 

1 . 4 . 2 .  Sarcocystos i s  in cattle . 

The geographi c distribut i on o f  Sarc o cys t i s  spp . o f  catt l e  

i s  worldwide and t he preval ence o f  infect ion is h i gh . C a s e s  of 

natural c l in i ca l  s a r c ocyst o s i s  in c att l e  have been reported in 

C anada , Eng l and, I re l and, Norway , Austral i a ,  and the U .  S . A .  

( Dubey e t  a l . 1 9 8 9 ) . 

A var iety o f  c l inical  s igns have been observed during 

infect i on in cat t l e . They may deve l op fever (�  4 0  C ) , anorexia,  

we i ght l os s ,  weaknes s ,  mus c l e  twitching, prostrat ion and i n  s ome 

c a s e s  death ( Johnson e t  a l . 1 9 7 5 ) . I f  the animal i s  l ac t at ing a 

dec r e a s e  in milk p r o duct i on i s  usual ( Fayer et a l . 1 9 8 3 )  . As 

i n f e c t i on becomes chron i c ,  other s i gns a l s o  become apparent . 

Growt h  i s  adve r s e l y  a f fected the anima l s  become hypere x c i t able , 

they hypersal ivat e and lose hai r e spec i a l l y  on the n e ck , rump and 
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t a i l  swit ch ( rat-t a i l  appearance ) ( G i l e s  e t  a l . 1 9 8 0 ) . S ome 

anima l s  become ema c i ated and s ome event u a l ly deve l op CNS s igns 

including recumbency , opi sthot onus , nystagmus , a cycl ing gait 

whi le l at e r a l ly recumbent and occas ional ly death ( Fayer & Dubey 

1 9 8 6 ) . 

- Sarcocysti s-induced abortion . 

Although abort i on and foet al de ath c an result f rom both 

e xperiment a l  (Faye r & Dubey 1 9 8 6 ;  Fayer et a l . 1 9 7 6 )  and natural 

Sarcocys t i s  infect i o n ,  ( Co rner e t  a l . 1 9 6 3 ;  Dubey & Be rgeron 

1 9 8 2 ; Hong e t  al . 1 9 8 2 ;  McCau s l and e t  a l . 1 9 8 4 ;  ) ,  it  should be 

emphas i sed that abort ion has been rep o rted in mo st an ima l s  that 

deve l op c l inical s arcocys t o s i s ,  whereas most infect e d  anima l s  

without s i gns o f  i nfect ion carried t h e  f oetus t o  t e rm ( Dubey 

1 9 8 1 ; Leek & Fayer 1 9 7 9 )  . Based on t he parasite l o c at i on and 

l e s i ons , s everal p o s s ible mechani sms have been hypothe s i zed t o  

expl ain t h e  pathogene s i s  o f  Sarc o cys t i s  spp . abort i on ( Dubey e t  

a l . 1 9 8 9 )  but i t  i s  s t i l l  not c lear i f  abo rt i on occurs through 

a di rect e ffect o f  the paras ite on the foetus or as a by-product 

o f  comprom i s ing the gene ral he alth of the dam . 

Sporadic cases o f  bovine abort i on and neonat a l  mort a l ity 

a s s o c i ated with s arcocysto s i s  have been reported in New Z e a l and 

( Thornton 1 9 8 7 ; Vicker s  & Brooks 1 9 8 3 ) , Aus t ra l i a  (McCau s l and et 

a l . 1 9 8 4 ;  Munday e t  a l . 1 9 7 6 ) , and in the U . S . A .  ( Dubey & 

Berge ron 1 9 8 2 )  . 

In  natural ly-in fected bovine foetu s e s , para s ites are found 

in vi rtual ly a l l  organ s , but are most o ft en observed in the 

brain . Le s i ons and paras ites are a l s o  found in the p l a cent a 

( Co rner e t  a l . 1 9 6 3 ;  Dubey & Bergeron 1 9 8 2 ) . By cont rast , results 

from exper iment a l l y- in fected anima l s  have indi cated that although 

S a r c o cys t i s  spp . may be present in the mat e rnal p l acent a ,  it  

rarely i n f e ct s  the foetus or foetal membranes ( Dubey e t  a l . 

1 9 8 8 ) . 
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The brain les i ons cons i s t  o f  a nonsuppurat i ve encephal it i s  

o r  men ingit i s ,  with sma l l  foci  o f  g l i a l  ce l l s  surrounding a 

c ent r a l  necrot i c  focus . Thes e  are l o cated throughout the grey and 

whi t e  matt er of the cerebrum, cerebe l lum, o r  brainstem ,  with s ome 

periva s cu l a r  mononuc le ar c e l l  inf i l t rat i on and o c c a s i onal 

microthrombi in ve s s e l s  surrounding the foci . Othe r a f fe cted 

foet a l  organs have l e s i ons s im i l ar t o  those o f  infected po stnat a l  

anima l s . The se inc lude a nonsuppurat ive myocardit i s ,  pneumon it i s ,  

hepat i t i s  and renal glome ru l i t i s  which i s  acc ompanied b y  focal 

necro s i s  and haemorrhage ( Dubey & Bergeron 1 9 8 2 ) . 

I mmature and mature s chi z onts and free me r o z o i t e s  c an be 

found, usua l l y  within endothe l i al cel l s  of foet a l  cap i l la r i e s  and 

occas i onal l y  free in the lumen o f  ve s s e l s  o r  in neural t i s sue . 

F ree meroz o i  tes  and s chi z ont s ,  usually a s s o c i at e d  with 

l e s i on s , have been observed in mat erna l  or foet al pl a c ent as o f  

s ome c att le . Haemorrhage , necro s i s  and c a l c i ficat i on o f  p l acent a l  

vi l l i  epithe l i a l  cel l s  and o f  the int e rc otyledonary connect ive 

t i ssue have a l s o  been de scribed in natural sarcocyst o s i s . 

Sarcocys t i s  h i rs u t a  ( S .  b o vi fe l i s  (Heydorn e t  a l . 1 9 7 5 )  i s  

mildly pathogeni c  t o  c alve s . It  i s  not known whether t h i s  spe c i e s  

c an c a u s e  abort i on ( D ubey 1 9 8 3b )  . 

1 . 4 . 3 .  Sarcocystos i s  in sheep . 

There are four Sarcocys t i s  spe c i e s  in sheep , two mac rocys t i c  

spec i e s , S .  medu s i form i s  and S .  o vi fe l i s  whi ch have a s heep-cat 

cycle and two mi crocyst ic spe c i e s ,  S .  a ri e t i ca n i s  and S .  t en e l l a  

whi ch usua l l y  have a sheep-dog cyc l e . The macrocyst i c  spe c i e s  are 

thought to be non-pathogenic ( Je ffrey 1 9 9 3 ;  Dubey e t  a l . 1 9 8 6 c ) . 

Natura l l y  o ccurring Sarc o cys t i s  abort i on in sheep has neve r 

been report e d  and no evidence o f  congenital  infect ion has  been 

f ound e ither experiment a l l y  or natura l l y . It is there fore l ikely 

to  be  a very rare event . 
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Abo rt i on i n  sheep i noculated with S .  t en el l a  has been 

reported once ( Leek & Fayer 1 9 7 7 )  . Cont radict ory evidence was 

p roduced by Cole ( 1 9 7 8 )  and Munday ( 1 9 8 1 ) who were not able t o  

produce abo rt i ons in ewe s inoculated with the organ i sm . 

1 . 4 . 4 .  Sarcocystos i s  in goat s . 

The goat i s  t hought t o  be the int e rmedi ate host o f  three 

spe c i e s of Sarc o cys t i s : S .  capra can i s ,  S .  hirci can i s ,  and 

S .  moulei . 

Sarc o cys t i s  capra can i s  has the dog ,  coyot e ,  red fox and 

c r ab-eat ing fox a s  de finit ive host s and is reported to be the 

mo s t  pathogenic spe c i e s  of Sarcocys t i s  in goat s . It  c an cau s e  

feve r ,  weakne s s , anorexia , we ight l os s ,  t remo r s ,  i rritab i l it y  and 

de ath ( Dube y  1 9 8 1b ;  Dubey e t  a l . 1 9 8 1 ;  C o l l ins & Charl e s t on 1 9 7 9 ;  

D ubey et a l . 1 9 8 4 ) . 

Sarco cys t i s  capra cani s  has a l s o  been reported t o  produce 

abort i on i n  pregnant doe s ( Dubey 1 9 8 1b )  . S ince no Sa r c o cys t i s  

we re found in foet a l  t i s sues and abort i on occurred in animal s  

a c ut e l y  a f f e cted without spe c i f i c  l e s ions , i t  i s  l ikely that the 

abort ion in this case was the result o f  fever and p l acent a l  

i n sufficiency . 
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CHAPTER 2 .  

EXAMINATION OF TI SSUES INFECTED WITH NEOSPORA SPP . 

2 . 1 .  Dogs . 

2 . 1 . 1 . Introduction . 

Neosporo s i s  in dogs i s  a prot o z o a l  disease s imi lar t o  

T .  gon di i  infect i on ( B j e rkas & Dubey 1 9 9 1 ;  Dubey e t  a l . 1 9 8 8 a ) . 

Cases o f  natura l l y-occurring neospo r o s i s  in dogs have now been 

reporte d  from a l l  over the world ( se e  l iterature review, Chap . 

1 )  . 

Dogs may be infected with Neosp o ra spp . at any age , but t he 

mo st s evere c a s e s  have involved conge n i t a l ly-infected pups with 

several anima l s  from the s ame litt e r  a f fect ed ( Dubey e t  a l . 

1 9 8 8 a ;  Mayhew e t  a l . 1 9 9 1 ;  Hay et a l . 1 9 9 0 ;  Jacobson & Jardine 

1 9 9 3 ) . Most congen it al ly-infected pups do not show any c l in i c a l  

s i gns at b i rth, and it i s  n o t  unt i l  3 - 6  weeks o f  age that the 

disease become s evident . No breed or sex p redi spo s it i on has been 

as s o c i at ed with Ne ospora infe c t i on in dogs (Dubey 1 9 9 2 a ) . 

The spect rum o f  c l in i c a l  i l l n e s s  and les ions seen i n  

neo spo r o s i s  makes it di f f i cult t o  di s t ingu i sh from t oxopl asmo s i s  

and for this rea s on i t  i s  now thought that many di agno s e s  o f  

t oxopl a s mo s i s  made i n  the past may have been neosporo s i s . The 

recent deve l opment of immuno l ogic techniques (Linds ay and Dubey 

1 9 8 9 a )  h oweve r ,  has  a l l owed the pre s ence o f  the paras ite t o  be 

c on f i rmed in dogs from several  part s of the world ( Dubey 1 9 9 2 a )  . 

Although it i s  known that neospor o s i s  o c curs i n  c at t l e  in 

New Z e a l and, the di sease has not been recorded i n  dogs . The 

pres ent inve s t i gat i on was the refore i n i t i ated in order t o  f ind 

whether o r  not N .  c a n i n um cou l d  be i dent i fi e d  in dogs in New 

Z ea l and with a po s s ib l e  hi story o f  prot o z o a l  infect i o n . The c a s e  

mat e r i a l  reviewed con s i sted o f  t i ssues he l d  i n  the archive s  o f  

the Department o f  Vet erinary P atho l ogy & Publ i c  Hea l t h ,  Mas sey 

Unive r s i t y  c o l lected over t he past 2 2  years . 
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2 . 1 . 2 .  Material s and methods . 

- Case material . 

Case h i st o ries , l aborat o ry dat a ,  and haemat o xy l in and e o s in 

( H & E ) -sta ined CNS t i s sue sect i on s  from 1 5  dogs we re used in this 

study . The previous diagno ses o f  these c ases inc luded; 

granu l omat ous meningoencepha l i t i s  ( GME ) 

pol yradicul oneurit i s  ( 1  c a s e ) , t oxoplasmo s i s  

encephal i t i s  ( 3  cas e s )  

( 1 1  case s ) , 

and distempe r  

- L i ght a n d  transmi s s i on e lect ron microsc opy . 

T i s sue sect i ons o f  CNS from selected original paraffin­

embedded b l o cks were cut at 5 �m and were examined after staining 

with periodic a c id-S chi ff ( PAS ) and H&E . Sect ions from the brain 

o f  one dog ( 1 1 3 8 3 )  were de -paraf fin i z ed and processed for 

t ransmi s s i on e l ectron mi c r o s c opy by st andard methods ( Speer and 

Dubey 1 9 8 2 )  . 

- I mmunoperoxidase staining procedures . 

The techni que used was that de s cribed by Lindsay and Dubey 

( 1 9 8 9 ) . An Avi din Biot in Peroxidase Con jugate (ABPC )  ant i -goat 

I gG kit (Vete ri nary Medical Re s e arch and Deve l opment , Inc . 

Pul lman , WA) was used t o  detect spe c i f i c  binding o f  goat 

ant i s erum t o  N .  c a n i n um .  T i s sue sect i ons were depara f f i n i zed with 

xylene , rehydrated in ethano l ,  and treated with 5 %  hydrogen 

peroxide in pH 7 . 2 phosphat e-buffe red s a l ine solut ion ( PB S ) for 

30  min . t o  inhibit endogenous peroxidase act ivity . S e ct i on s  were 

washed in PBS then incubated in di luted goat serum for 3 0  min . 

t o  b l o c k  non-spec i f i c  binding , before incubat ing i n  spe c i f i c  

ant i sera f o r  1 hr . Unbound ant ibodie s  were removed by washing 

sect i ons in PBS . S e ct ions were then incubated wit h  b i ot inylated 

goat ant i -rabbi t  I gG for 30 min . then washed in PBS  and incubated 

in avidin-b iot in-peroxidase reagent for 30 min . before washing 

in PBS and incubat ing for 3 min . in 3-amino-9-ethy l carbaz o l e  
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(AEC ) chromogen in N ,  N-dimethy l formami de . The sect i on s  were 

fina l l y  washed in d i st i l led wat e r ,  counter s t a i ned with 

haematoxy l in ,  dehydrate d  in ethanol and mounted with a cove rs l ip . 

Ant i -N.  c a n i n um s e rum was used at 1 : 3 , 0 0 0  dilut i o n ,  a lthough 

s omet ime s ,  when a st rong react ion was de s i rable , it was used at 

1 : 2 , 0 0 0  d i lut i on . 

S imul t aneou s l y ,  r abbit ant i - Toxopl a sma gon di i primary 

ant ibody ( B i oGenex Laborat o ries . S an Ramon ,  CA, USA) sera we re 

run in p a ral l e l  with another s et o f  s e ctions . Appropr i at e  

p o s it ive t i ssue sect ions ( from experiment al ly-induced i n fect ion s )  

and negat i ve cont r o l s  were eva luated with e ach s et o f  sect i on s  

f o r  both ant i -N.  c a n i n um and ant i - T .  gon di i sera . 

2 . 1 . 3 .  Re sult s . 

O f  the 1 5  c a s e s  examined in the present study , 5 exhibited 

d i f fe rent stages o f  api complexan paras ites in the h i s t o l o g i c a l  

s e ct i on s  ( T able 1 ) . 

Neospora-infected dogs . 

i )  C a s e  histories . 

The age , breed and sex o f  a f fe cted dog s  is given in T ab l e  

1 .  Neuro l og i c a l  s yndrome s involving the pe lvic l imbs were the 

predominant c l in i c a l  feature repo rted in a l l  the three dogs . 

The se ranged from ataxi a t o  para l y s i s  o f  the hind legs . Others 

s igns i n c l uded urinary retent i on , pain on manipu l at i on o f  the 

neck and head as we l l  as change in t emperament and demeanour . The 

an ima l s  were humane l y  k i l l e d  at the t ime o f  onset of poste r i o r  

paralys i s . One animal ( N° 4 7 4 1 )  had a hi story o f  vac c inat ion 

against c an ine di stemper / c anine hepat i t i s  virus 14  day s be fore 

the devel opment o f  c l in i c a l  s ign s . 

Rout i n e  haemat o l o g i c a l  and c l inical chemi stry p r o f i l e s  were 

a l l  normal except the C S F . In two o f  the dog s , CSF examinat i on 



Table 1 :  Summary of results of immune-staining of CNS tissue for Neospora caninum and Toxoplasma gondii. 

Case No Age Breed Sex Clinical Signs Original Immune stain 
Diagnosis N.caninum 

474 1-72 1y7m Labrador F Hind limb paralysis Distemper/ + 
Toxoplasmosis 

695 1-73 4m Dachshund F Sudden death Distemper/ -
Toxoplasmosis 

65 19-74 2Y2m Cross bred M M ultisystemic Toxoplasmosis/ -
Distemper 

1 1383-78 1y WHW Terrier M Prog. hind limb GME + 
paresis. 

15777:84 6y WHW Terrier M Hind limb ataxia GME + 

GME: Granulomatous meningo encephalitis. 

T.gondii 

+ 

+ 

w 
1..0 
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revealed an inc re ase in the numbe r  o f  ce l l s  (mainl y  l ymphocyte s  

although a few e o s inoph i l s  and macrophage s were a l s o  present ) . 

i i )  P atho l o g i c a l  f indings . 

- Gro s s  patho l ogy . 

The necrops ies o f  a l l  three dogs reve a l ed no ma j or 

abnorma l i t y . One dog (N° 1 1 3 8 3 )  had a s ingle gre y ,  uni l ateral 

focus 4 mm in d i ameter in the medu l l a  obl ongat a behind the 

c erebe l l a r  pedunc l e  and anterior t o  the obex in the dor s al part 

o f  the brain stem . An apparent mi ld cerebe l lar atrophy was 

reported in another animal ( N° 1 5 7 7 7 )  . 

- H i s t opatho l ogy . 

A c ommon pattern o f  l e s i on s  was pres ent in the CNS o f  a l l  

t h e  three dogs . S e c t i ons o f  the b r a i n  and spinal cord o f  a l l  dogs 

showed mul t i foca l ,  non-suppurat ive meningoencephal omyel it i s . In 

every c a s e  the l e s i ons were more severe in the spinal c o rd 

s e c t i ons than in the brain . The men inges showed marked 

infi ltrat i on o f  l ymphocyt e s  and mononuc lear ce l l s  and the 

underlying white matter was a l s o  intense l y  infi l t rated with 

l ymphocyte s ,  pl a sma cel l s ,  macrophages and immature mononu c l e a r  

c e l l s . F o c a l  areas o f  necros i s ,  per ivascular cuffing and neurone 

degenerat i on were a l s o  evident in di fferent sect i on s  of the 

sp inal c ord mainly in the per iphery of the white matt e r  ( F i g  

2 . 1 ) . S imi l ar i n f l ammatory f o c i  c ont aining prol i fe rat ing b l ood 

ve s se l s  were obs erved in the brain stem . Spherical prot o z o a l  

c y s t - l i ke ,  e xt race l lu l ar structures s ome o f  whi ch had t h i c k  wa l l s  

were seen a t  the periphery o f  g l i a l  nodu l e s  without a c e l lular 

react i on a s s o c i at ed with them (Fig 2 . 2 ) . Wal l e ri an degenerat i on 

was a l s o  present i n  the spinal cord and nerve root let s . The rest 

o f  the organs studied (bladde r ,  int e s t i ne ,  k i dney , myo cardium, 

l iver ,  adren a l ) had no h i s t o l og i c a l  les ions apart from the lungs 

of one dog ( N° 1 1 3 8 3 )  in whi ch sma l l  granu l omat ous foc i ,  c omposed 
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F i gu r e  2 . 1 .  S e ct i on o f  spinal c o rd from dog (N° 1 1 3 8 3 )  infected 
with N .  can i n um . There is severe mye l i t i s  and prot o z o an organ i sms 
( arrows ) are s c attered throughout the neurop i l . H & E  x 65 

F i gure 2 . 2  Ne o sp ora can i n um c y s t s  in t he spinal c o rd o f  a dog ( N° 
1 1 3 8 3 )  without any a s s o c i ated i n f l ammat ory react i on . Note the 
thi ck c ap su l e . H&E x 6 5 0  
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o f  macrophage s ,  lymphocyt e s  and p l asma c e l l s ,  were a s s o c i ated 

with the b l ood ve s s e l s  in the lung parenchyma . 

- E l e ct ron microscopy . 

Ultra st ructura l l y ,  the t i s sue cyst s found in the brain of 

case N° 1 1 3 8 3  p o s s e s sed a thick wal l  and numerous bradyz o ites 

( F ig 2 .  3 & 2 .  4 ) . The brady z o i t e s  cont ained a s ingle cent ral 

nuc leus , a c ono id,  numerou s rhopt r i e s , amyl opect in granu l e s  and 

m i croneme s arranged perpendi cular t o  the p l a smalemma ( F ig 2 . 5  & 

2 .  6 )  . 

i i i )  I mmunoh i s t ochemi stry . 

The immunohi stochemi cal examinat i on o f  sect i on s  o f  CNS 

revealed that the prot o z o a l  structures reacted with N. can i n um 

ant i serum but did not react with the T .  gon di i ant i se rum . The 

t e chnique a l l owed individu a l i se d  group and / o r  indivi du a l  z o ites 

(Fig 2 .  7 & 2 .  8 )  a s  we l l  a s  degenerat ive cyst-l ike structures 

a s s o c i at e d  with the inflammat ory foci t o  be ident i f i ed . 

Afte r  the immunohi stochemi c a l  s t a ining, a c areful re­

examinat ion of the H&E sect i ons revealed o c c a s i onal thi ck-wa l led 

c y s t s  in the Neospora -posit ive c a se s . The i r  number varied with 

each c as e ,  but they were always outnumbered by the thin-wal l ed 

st ructure s . 

The p o s it i ve control sect ions for both N .  can i n um and 

T. gondi i ant i se r a  showed s trong immunohi stochemi c a l  s t a ining in 

c ontrast to the negat ive control s  whe re no react i on was observed . 
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F i gure 2 .  3 .  Ult r a s t ructure o f  a t i s sue cyst ( 1 0 . 9 x 6 . 3 J..Lm )  o f  
N .  can i n um in the brain o f  case N° 1 1 3 8 3 . Note the t h i c k  ( 0 . 6J..Lm )  
granu l a r ,  cyst wal l  ( 0 . 6J..Lm )  ( w )  and brady z oite s ( b ) . TEM x 7 , 8 0 0  
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F i gure 2 .  4 .  U l t r a s t ructure o f  part o f  a large t i s sue cyst 
( 2 6x 1 6J..Lm )  of N .  c a n i n um in the brain o f  a dog ( N° 1 1 3 8 3 )  . The 

cyst wa l l  ( w ) i s  1 .  7 J..Lm thick and the cyst c ont a i n  numerous 
b radyz o i t e s  ( b ) . TEM x 5 , 2 0 0  
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F i gure 2 . 5 .  Higher magn i f i c at i on o f  part o f  the c y s t  shown in 
F i g . 2 . 4 .  Nuc l e i  ( n ) , microneme s (m) , e l e ctron dens e  bodies ( d )  
and amy l opect in granu l e s  ( a ) . TEM x1 1 , 2 0 0  

F i gure 2 . 6 .  Anterior end o f  a N .  can i n um b radyz oite , with conoid 
( c ) , many m i croneme s ( m ) , rhoptries ( r )  and an e l e ct ron dense 

b ody ( d ) . TEM x4 8 , 6 0 0  
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F i gure 2 . 7 .  Group o f  z o ites o f  N .  can i n um ( arrow) and individu a l  
z o it e s  ( arrow head)  i n  a dog . ABTC x 6 8 0  

F i gure 2 . 8 .  N .  can i n um cyst - l i ke structure in dog brain . ABPC 
x 6 8 0  
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- Toxop�a sma-infected dogs . 

i )  Case h i s t o r i e s . 

The age , breed and sex o f  the a f fected an imal s  i s  shown in 

Tab l e  1 .  One dog ( N° 65 1 9 )  suffered a genera l i z e d  i l lness  

charact eri zed by vomit ing ,  diarrhoea ,  loss  o f  appet ite , dyspnea 

and photophobi a and was de st royed aft e r  no improvement in s i gns . 

The other (N° 6 9 5 1 )  wa s found de ad without any s ympt oms observed . 

i i )  P atho l ogical  findings . 

- Gro s s  patho logy . 

I n  both animal s  the lungs showed gro ss l e s i o n s . They were 

pal e ,  c onso l i dated and oedemat ous . 

- H i s t opathol ogy 

Microsc opi c a l l y ,  both animals  showed similar l e s i on s  that 

were c o n f ined to the CNS and lungs . The brain and spinal cord 

showed s c attered, mild foci o f  g l i o s i s  and neurone degenerat ion . 

P er ivas cu l ar space s  around occas i onal ve s se l s  we re mode r at e l y  

i n f i l t rated with mononuc lear ce l l s . Several t i s sue c y s t s  were 

ob served in di ffe rent areas o f  the CNS s omet ime s a s s o c i ated with 

a mild non-suppurat ive infl ammat ory react i on ( F ig 2 . 9 ) . The lungs 

showed a very severe chroni c  interst i t i a l  pneumonia . Extens ive 

areas o f  the parenchyma we re infi l t rated with mononu c l ear 

ce l l s , i n c l uding numerous macrophage s and g i ant ce l l s . 

I n  one c a s e  (N° 6 5 1 9 ) , numerous intracytop l a smic 

e o s inoph i l i c  inc lus ions were evident throughout the l ungs and 

k i dneys . Al so present were o c c a s i onal thin-wa l led prot o z o a l  cyst­

l ike s t ru ctures throughout the lungs . 
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F i gure 2 . 9 .  Sect i on o f  the brain from dog N° 65 1 9  infected with 
Toxop l a sma gon di i . Note the mild infl ammat ory react i on a s s o c i at e d  
w i t h  the paras it e s . H&E x 6 5  



4 8  

i i i )  Immunoh i s t o chemi stry . 

The prot o z o an cysts and t achy z o i t e s  s t a ined strongly with 

ant i - T .  gon di i  serum and showed no react i on with the ant i ­

N .  can i n um serum ( F i g  2 . 1 0 ) . 

By l i ght 

s t ructure and 

mi cros copy , 

it was not 

T .  gon di i and N. can i n um .  

the para s i t e s  appe ared s imi l ar in 

p o s s ib l e  to d i f ferent i at e  between 

Other dogs with meningoencephalomyeliti s .  

Sect ions from c a s e s  Nos 9 8 2 3 -7 7 ,  9 9 4 2 - 7 7 ,  1 0 2 0 1 -7 7 ,  1 0 6 6 6 -

7 8 ,  1 1 7 0 7 - 7 9 ,  1 3 7 1 0 - 8 1 ,  1 3 4 3 8 -8 1 ,  1 9 5 5 8 - 8 8 ,  2 3 6 4 2 - 9 3 , 2 4 2 4 1 - 9 4  

showed n o  evidence o f  prot o z o a l  parasites  i n  H&E sect i ons . The 

e s s ent i a l  histologic feature s of these case s were the 

p e r ivas cul a r  aggregat i ons of mononuclear inflammat ory cel l s  in 

d i f ferent areas o f  the CNS . The s e  areas were l ocal i z e d  o r  in some 

c a s e s , di f fusely d i s t r ibuted . In most cases  the men inges were 

i n f i ltrated with s imi lar cel l s  and the adj ac ent white matter wa s 

undergo ing necro s i s . In the ma j ority o f  the se c a se s ,  the 

p e r ivas cu l a r  cuff ing wa s c omposed of c e l l s  such as l ymphocyte s ,  

monocyt e s , plasma ce l l s  and hist i o cyte s  but in some c a s e s  the 

ce l l s  were immature mononuclear c e l l s . The s e  h i s t o l ogical  

fe atures are in accordance with the de s c r ipt ion of  granul omatous 

men ingo-encepha l it i s  in dogs ( Cordy 1 9 7 9 ;  Al ley et a l . 1 9 8 3 ) . 

Despite the absence o f  prot o z o a l  o rgan i sms , the 

immunocyt o chemical  stain ing procedures for T. gon di i  and 

N .  cani n um were carried out on several sect i ons from e ach case 

( a  minimum o f  four s e ct ions per c a s e ) . Sect i ons from cases  Nos 

9 8 2 3 - 7 7 , 9 9 4 2 -7 7 ,  1 0 2 0 1 - 7 7 , 1 0 6 6 6-7 8 ,  1 1 7 0 7 -7 9 ,  1 3 7 1 0 - 8 1 ,  1 3 4 3 8 -

8 1 ,  1 9 5 5 8 - 8 8 ,  2 3 6 4 2 - 9 3 ,  2 4 2 4 1 - 9 4  did not react with e ither ant i ­

T .  gon di i nor ant i -N .  can i n um sera . 
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F i gure 2 . 1 0 . Dog brain infected with T .  gon di i showing typ i c a l  

c y s t . AB P C  x 6 5 0  
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2 . 1 . 4 .  D i s cussion . 

I n  this study , the occurrence o f  N.  c a n i n um i n fect i on as a 

primary pathogen o f  dog s  in New Z e a l and i s  report ed for the first 

t ime . Of the three cas e s  o f  neosporo s i s  i dent i f i ed in dogs , one 

was previ ous ly su spect e d  to have had distemper / t oxop l a smo s i s  and 

the others granul omatous men ingoencepha l i t i s . In view of the s e  

finding s , N .  can i n um infect i on should be cons i de red as a 

di f ferent i a l  di agno s i s  in dogs in New Zeal and with encepha l it i s . 

The diagno s i s  o f  neosporos i s  wa s based in immunocyt ochemi cal  

react ivity o f  the parasite with ant i -N. c a n i n um sera and was 

supported by the absence of react ivity against ant i - T .  gondi i 

ser a ,  t he occurrence o f  charact e r i st i c  c l i n i c a l  s i gn s  and the 

h i s t o l o g i c a l  nature of the l e s i on s . 

I t  i s  general l y  agreed that bec ause o f  the morpho l ogi c a l  

s im i l a r i t y  o f  T .  gon di i and N.  can i n um ,  immunohi st o chemi stry 

and / o r  e lect ron micro s c opy a re the best means of different i at ing 

the i n f e ct i ons (Dubey et a l . 1 9 8 8 a , b ;  Hay et a l . 1 9 9 0 ;  Uggl a  e t  

a l . 1 9 8 9 ;  Hi l a l i  e t  al . 1 9 8 6 ;  Cuddon e t  al . 1 9 92 ; Dubey & L i ndsay 

1 9 9 3 ;  Mayhew et a l . 1 9 9 1 ;  Linds ay & Dubey 1 9 8 9 a ;  Sheahan e t  a l . 

1 9 9 3 ) . In  the current retro spect ive study ,  a di st i nct ive 

h i stopatho l og i c  patte rn was a l s o  obs erved for e ach d i s e a s e . I n  

the H & E  sta ined sect i ons o f  the CNS , more s eve re l e s i ons with a 

wi der d i st r ibut i on were pre sent in the Neospora-infe cted dogs . 

The degree o f  mononu c l e ar infilt rat i on and the ext ent o f  areas 

of ma l a c i a  were dist inctive features o f  the Neospora infected 

mat eri a l . By contrast , a mi l d  to mode rat e  i n f l ammat ory re act i on 

was a s s o c i ated with the T .  gondi i- infe c t i on s . In addit ion,  in a l l  

the c a s e s  o f  neosporo s i s ,  t he l e s i on s  invo lved extens ive areas 

of the spinal c ord . In the brain , the l e s i on s  tended to l oc al i se 

at the base o f  the bra in stern whe re c r an i a l  nerves o ri ginat e and 

in the spinal c ord the l e s i on s  tended to be more pronounced near 

the per iphe r a l  nerve rootlet s . Thi s  dist ribut i on concur s  with the 

p o l yradi culoneurit i s  previ o u s l y  des c ribed in Neospora infect i on 

by Cumrnings e t  a l . ( 1 9 8 8 ) . Furthermore , the l e s i on s  obse rved in 

the l ungs of one case ( W  1 1 3 8 3 )  re s emb l e d  the granul omatous 
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types o f  Neospora-les ion previou s l y  de scr ibed in parenchymatous 

organs by Dubey et a l . ( 1 9 8 8 a ) . Un fortunate l y  no mus c l e  sect i on s  

of t h e  a f fected l imbs we re avai l ab l e  for hi s t o l og i c a l  examinat i on 

in t he s e  c a s e s . 

T i s sue c y s t s  of N.  c a n i n um are only found in the CNS ( Dube y  

et a l . 1 9 9 2 a ) . However ,  t i s sue cyst s o f T .  gon di i c a n  b e  obs e rved 

in many other o rgan s (Dubey 1 9 8 5 )  as was the case in dog N° 6 5 1 9  

where s everal thin walled,  cyst-l ike structures were found in the 

lung . The thi ckness of the c yst wal l  in t i s sues is reported t o  

di f fe r  i n  the s e  two prot o z o a  (Dubey e t  a l . 1 9 9 0 )  i n  that tho s e  

of Neospora a re de s c r ibed a s  thi ck-wa l l e d . I n  the present 

inve s t igat i on , thin-wa l l e d  Neospora cyst s o ft en outnumbered 

thi c k-wa l l e d  cysts indi c at ing that this c r it e r i on could n ot be 

con f i dent l y  u s e d  t o  di fferent i ate between the two para s ite s .  

Perhap s the thi ckne s s  o f  the wal l  varies with maturity o f  the 

cyst or repre s ent s a di fferent st age of deve lopment ( Dubey 

1 9 9 2 a )  . 

The u l t r a s t ructural study o f  the prot o z o al cysts revealed 

the charact e r i s t i c  feature s o f  N.  c a n i n um p revi ous l y  de s c ribed 

( Dubey e t  a l . 1 9 8 8 a , b ,  Lindsay et a l . 1 9 9 3 a )  thus provi ding 

further support for the diagn o s i s  of Neospora encepha l omye l it i s . 

The presence of abn o rmal CSF findings in the Neospora c a s e s  

i s  i n  a greement with previ ous report s ( Dubey e t  a l . 1 9 8 8 a ;  Cuddon 

et a l . 1 9 92 )  and concurred with the hi st opatho l og i c a l  findings . 

The c e l l  t ypes seen on CSF analys i s  were a mixture o f  mononu c l e a r  

cel l s  and e o s inophi l s  o r  mononuclear c e l l s  and macrophage s .  

Eos inoph i l s  we re reported in the CSF of two pups with Neospora­

a s s o c i at e d  encephal omye l it i s  ( Cuddon et a l . 1 9  9 2 ) and in t wo 

c a s e s  o f  Neospora-as s o c i at e d  polymyo s it i s  ( Dubey e t  a l . 1 9 8 8 a ) . 

Neospora - in fe c t ed dogs with normal CSF have a l s o  been report ed 

( Hay e t  a l . 1 9 9 0 ,  Dubey e t  a l . 1 9 8 8 a ) . 

I t  i s  noteworthy that a l l  the Neospora infected dogs showed 

some degree o f  neuromu s c u l a r  def i c i t  in the hind l imbs . Thi s  
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finding i s  i n  agreement with p revi ous report s o f  canine 

neospo ro s i s  (Dub e y  et a l . 1 9 8 8 a , b ;  Wo l f  e t  a l . 1 9 9 1 ;  Cuddon e t  

a l . 1 9 9 2 ) which i ndi cated that h i n d  l imb paraly s i s  was the most 

common present i n g  sign . I t  i s  more evi dent in young animal s  

although i t  can also  be obse rved i n  older dogs ( Dubey e t  a l . 

1 9 9 2 a )  a s  in the present study . Dogs with progre s s ive hind l imb 

pare s i s  /paralys i s  may be depre s sed o r  alert but they can survive , 

with hand feedi n g  and support ive c are for several months ( Dubey 

and L inds ay 1 9 9 3 ) . Mus c l e  flaccidi t y ,  mu s c l e  at rophy and other 

dys funct i on s , r eported a s  c l i n i c a l  findings in neosporo s i s  in 

dogs by other authors ( Hay e t  a l . 1 9 9 0 ;  Mayhew et a l . 1 9 9 1 ;  

Cuddon e t  a l . 1 9 9 2 ) , were not de s c r ibed in this s tudy . However ,  

the c l i n i c a l  s i gn s  are s omewhat var i able s ince N .  c a n i n um does 

not a f fect all dogs with t he s ame severity and infect i on is not 

always fat al ( Dubey & Lindsay 1 9 9 3 ) . 

I t  was int er e st ing t hat in one case (N° 4 7 4 1 )  the onset o f  

c l in i c a l  neospo r o s i s  fo l l owed a canine distemper / can ine hepat i t i s  

vac c inat i on . A s imilar c a s e  was repo rted b y  Sheahan e t  a l . ( 1 9 9 3 )  

fo l l owing rout i n e  vaccinat ion against canine di stempe r ,  can ine 

hepat i t i s ,  canine parvovi rus and l ept ospiros i s . Toxop l asmo s i s  has 

also been recorded previous ly in dogs f o l l owing vac c inat i on with 

modi f i e d  c anine distempe r  vi ru s . The pathogene s i s  o f  these 

ep i s ode s is not explained but it has been specu l ated that they 

result from temp o rary immunosuppre s s i on c aused by i nfect i on with 

the att enuated vaccine v i rus ( Dube y  1 9 8 5 ) . 

I n  most c i r c umst ances canine neosporo s i s  is confined t o  the 

CNS . However ,  general i zed disease has a l s o  been de s c r ibed (Dubey 

et a l . 1 9 8 8 a )  with involvement of vi rtua l l y  a l l  organ s ,  inc luding 

the s k i n . This general i z e d  pattern is more c ommonl y  observed in 

adult dogs ( Smith 1 9 9 3 ) . Unfortunately , we cou l d  not perform 

immunocyto chemi s t ry on organs other than CNS in thi s study , but 

the granul omat o u s  les ion in the l ungs of one dog (N° 1 1 3 8 3 )  i s  

suspe cted t o  have a prot o z oal cause . 
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The marked mononuclear c e l l  infilt rat i on s een i n  the 

Ne ospora l e s i on s  of the CNS and spinal cord is sugge st ive of an 

immune-mediat e d  react ion and i s  invariably a s s o c i ated with 

ruptured or degenerat ing cysts  and / o r  individual z o i t e s  (Mayhew 

et a l . 1 9 9 1 ,  Dubey 1 9 9 3 ) . By cont r a st , intact t i s su e  cysts  did 

not seem to evoke any cel lular react i on . It  is not known if toxic 

product s are r e l e ased by Ne osp ora spp . organi sms . 

The mo st s evere cases  o f  c an ine neospor o s i s  have been 

repo rte d  in natural congenital infect i ons ( Dubey & L indsay 1 9 9 3 )  . 

In the present study all the dogs we re adult but i s  not known i f  

the di s e a s e  was t h e  result o f  a n e w  infect i on or the react ivat i on 

of dormant cyst s . The po s s ib i l it y  o f  react ivat i on o f  l atent 

infect i on i s  supported in the l iterature by r eport s that 

subc l i n i c a l ly i nfected bitche s have given b i rth to more than one 

l itter o f  infected pups ( Dubey et a l . 1 9 8 8b ;  B j e r k a s  & P re sthus 

1 9 8 9 ;  Dubey et a l . 1 9 9 0 f ;  Sheahan et al . 1 9 9 3 )  a l though the dam 

may a l s o  be rein fected during pregnancy . 

The les ions in the t en dogs examined without protoz oal 

paras i t e s  are c o n s i st ent with those o f  granulomatous men ingo­

encephal omye l i t i s . P revi ous stud i e s  have fai l ed to i dent ify the 

cause o f  thi s entity ( Cordy 1 9 7 9 ,  Braund e t  al . 1 9 7 8 ,  Al ley et 

al . 1 9 8 3 ) . In these report s ,  agents capabl e  o f  cau s i ng 

granul omatous disease in dogs such as t ubercu l os i s ,  

toxop l a smo s i s ,  and funga l infect i on s  together with distemper 

vi rus were not f ound . Our study showed that none o f  the sect i ons 

tested reacted with the ant i - N .  c a n i n um o r  T. gon di i  sera u sed . 

The two T .  gon dii c a s e s  (N°5 6 9 5 1  and 6 5 1 9 )  were init i a l l y  

diagn o s ed as di stemper and s e ct i on s  from one dog (N° 6 5 1 9 )  

cont ained intracyt op lasmi c vi r a l  inclus i on bodi e s  in vari ous 

organs t yp i c a l  of this d i s e a s e . Thi s i s  cons i st e nt with the 

hypothe s i s  that mo st c l in i c a l  c a s e s  of t oxoplasmo s i s  occur in 

dogs with concurrent distempe r  virus infe ct i on or a r e  due to the 

effect of other immunosuppres s i ve agent s ( Dubey & Beatt i e  1 9 8 8 )  . 
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This i s  i n  marked c ont rast t o  neospor o s i s  whi ch i s  a primary 

pathogen of dogs ( Dubey e t  a l . 1 9 8 8 a )  

The immunohi stochemi stry t echnique used i n  the pre s ent study 

( Linds ay & Dubey 1 9 8 9a )  proved a re l i ab l e  tool f o r  i dent i fying 

T. gon di i and N .  c a n i n um de spite storage in par a f f in b l ocks for 

up t o  2 0  years . P o s it ive re sult s  fo l lowing a l onger pe r i od of 

st orage of t i s sue have been report ed by other authors ( Dubey e t  

a l . 1 9 8 8 a )  who con f i rmed cases of neospor o s i s  o c curring in dogs 

in 1 9 5 8 . 

I n  conclusion,  thi s study has shown that Ne o sp ora infect i on 

o f  dogs has been present in New Z e a l and s ince 1 9 7 2 . The close 

resemb l an c e  between T .  gon di i and N. caninum t i s sue cysts  

p revent s a 

hi stopath o l ogy , 

de finit ive di agno s i s  

although c l in i c a l  s igns 

us ing 

and the 

c onvent i onal 

s eve r ity and 

distribut i on o f  les i ons can be strongly indi cat ive . A de f init ive 

di agno s i s  shou ld only be made on the bas i s  o f  immune t e chniques 

o r  u l t r a s t ructure studie s . Bec ause of t he e c onomic 

c ons iderat ions a s s o c i ated with Ne o spora abort i on i n  cat t l e  in New 

Zealand ( Chap . 4 ) , and the l ack o f  knowledge of the epi z oot i o l ogy 

o f  the di s e a s e  further studie s  wou ld be u s e ful t o  determine the 

f requen c y  and dist r ibut i on of N. can i n um infect ion in dome st i c  

anima l s  i n  t h i s  c ount ry . 

2 . 2 .  Catt le . 

2 . 2 . 1 .  Introduction . 

Although c l in i c a l  s igns have been reporte d  in Ne ospora­

infected calve s ,  abo rt i on i s  the only s i gn observed in i n fected 

adult cows . Abort ed foetuses  are usua l ly somewhat aut o lysed or 

occa s i ona l l y ,  mummi fied ( Thi l sted & Dubey 1 9 8 9 ;  N i e t f e l d  e t  a l . 

1 9 92 ; Thornt on e t  a l . 1 9 9 1 ;  Barr e t  a l . 1 9 9 1 ) . 

No g r o s s  f indings have been reported in the aborted 

foetuse s . Howeve r ,  the mi cros copic f i ndings of mult i focal , 

n ecrot i z ing and non-suppurat ive encephal it i s  are c on s i de red by 
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most invest i gat o r s  t o  be charact e r i s t i c  o f  Neospora l e s i ons ( Barr 

e t  al . 1 9 9 1 ,  Thornt on et a l . 1 9 9 1 ) . Although the brain is the 

pre ferent i a l  s i t e  for these l e s i on s , the spinal c o rd and the 

heart are a l s o  equa l l y  affected although o c c a s i onal foetuses a l s o  

have t h e  lung and k i dneys invol ved ( Barr et a l . 1 9 9 0 ) . De spite 

the re l at ive l y  easy recognit i on of the l e s i ons t he re are few 

report s of the i dent i fi cat i on of Neosp ora organi sms a s s o c i ated 

with the l e s i on s  ( Dubey & Lindas y  1 9 9 3 )  . 

Le s i on s o f  the cotyledonary p l ac enta have a l s o  been 

a s s oc i ated with Neospora-infect ion ( Barr e t  al . 1 9 9 0 ;  Thornton 

e t  al . 1 9 9 1 ) but once again paras i t e s  were rare l y  i dent i fied in 

these l e s i ons ( Shivaprasad et a l . 1 9 8 9 ) . 

The fo l l owing inve st igat i on was unde rt aken t o  attempt to 

i dent i fy Neosp ora o rgan i sms in aborted mat e r i a l  u s ing 

immunohi s t o chem i c a l  t echnique s . The h i s t o l ogical changes pre sent 

in the brain and placent al mat e r i a l  were a l s o  studied . 

2 . 2 . 2 .  Material s and Methods . 

For h i s t o l ogical  examinat i on port i on s  o f  CNS from three 

aborted foet u s e s  and two aborte d  p l acent a s  in the l as t  t rime ster 

of ge s t at i on were obtained from Bat che l a r  An imal Hea lth 

L aborat ory ( BAHL ) , P a lmerston North . The mat e r i a l  had the 

pre sumpt ive previous di agnos e s  o f  Neosp ora-abort i on made on the 

b a s i s  o f  the h i s t ological  findings . The t i s sues wer e  f ixed i n  1 0 %  

f o rma l i n . S e ct i ons o f  t i s sue were rout inely proc e s sed embedded 

in paraffin , s e c t i oned, and stained with haematoxyl in and e o s in 

( H & E )  and p e r i odic a c i d  S chi ff ( PAS ) . I mmunoreact ivity di rected 

against Neospora can i n um and Toxop l a sma gondi i was e x amined u s ing 

the procedu r e s  previ ously de s c ribed ( se e  sect i on 2 .  1 .  2 )  . The 

r e l iab i l it y  o f  t he t e s t s  were checked with posit ive and negat ive 

cont r o l s  f o r  both sera each t ime the procedure was undert aken . 
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2 . 2 . 3 .  Results . 

- Pat h o l o gy . 

I n  the brain s ,  the characte r i st i c  h i stological  l e s i ons o f  

a rnult i focal ,  necrot i z ing, non-suppurat i ve encepha l i t i s  were 

obs e rved . The s e  foci were randoml y  scattered throughout the white 

matter of the brain and were more obviou s  in the brain stem . No 

l e s i on s  we re f ound in the grey matter although in s ome s e c t i ons 

it was di f f i cult to rec ogni z e  the cerebral cortex . Mo st of the 

foc i  we re sma l l  ( 5 0 - 1 0 0 �m di ame t e r )  and i s o l ated from one another 

( F i g  2 . 1 1 ) . S ome of them were adj acent t o  cap i l l ari e s . The degree 

of necro s i s  varied from sma l l  focal , swo l l e n ,  e o s inophi l i c  ( PAS 

pos it i ve )  groups o f  axons t o  l arger f o c i  o f  necro s i s  o ften 

surrounded by g l i a l  c e l l s . Cyst - l ike prot o z o a  st ructure s were 

seen in one brain in the H&E or PAS stained sect i on s . 

I n  the p l acent a s , there was a mul t i focal , necrot i z ing, 

cotyledonary p l acent it i s . Nume rous foci o f  necro s i s  were pre sent 

in the t rophoblast epithe l ium o f  cotyledonary vi l l i . 

Occas i onal l y  the trophoblast ep ithe l ium had s l oughed and was 

surrounded by concent r i c  l aminar sheet s of nec rot i c  material 

giving an " on i on skin"  appearance ( F i g  2 . 1 2 ;  2 . 1 3 ) . A moderate 

oedema , with a few inf i lt rat ing lymphocyt i c  inflammatory c e l l s ,  

wa s ob served i n  the underlying cho r i a l l ant o i c  membrane . The 

int ercotyledonary region showed no s i gn i f i cant l e s i ons . 

- Immunohist ochem i stry . 

I n  the s e c t i ons o f  brain , i ndividual and c lusters o f  z o ites 

wer e  reve a l e d  by immunohi st ochemi stry . Most o f  the s e  parasites 

wer e  a s s o c i at e d  with the necrot i c  f o c i . Only one t h ick-wa l l ed 

cyst-l ike s t ructure was found i n  several s e ct i on s  examined from 

two of the c a s e s  but s everal cyst - l i ke structures were observed 

in the therd c a s e . Al l z oites ( F i g  2 . 1 4 )  and cysts  reacted with 

the ant i-Neo spora serum . Ne ither the z oi t e s  nor the cyst-l ike 

st ructures r eacted with ant i - Toxoplasma sera . 
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F i gure 2 . 1 1 . A f o cu s  o f  non-suppurat ive i n f l ammat o ry necro s i s  in 
the brain of an aborted bovine foetus . H&E x 6 5  

F i gure 2 . 1 2 .  A f o c u s  o f  necr o s i s  and de squamat i on o f  the 
t rophob l as t  epithe l ium in an aborted b ovine pl acenta in fected 
with Ne osp ora . Moderate numbers of mononuc lear ce l l s  are present 
in the cho r i oa l l ant o i c  membrane . H&E x 6 8  
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F i gure 2 . 1 3 . Necro s i s  and de s quamat i on of the t rophob l ast 
ep ithel ium . H&E x 3 5 0  

F i gure 2 . 1 4 .  The brain o f  an 
individual z o i t e s  of Neospora 
f o cu s . ABP C  x 6 8 0  

aborted 
( arrows ) 

bovine foetus s howing 
within an i n f l ammatory 
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Although some background immunost a i ned granul a r  mat e r i al was 

obs e rved in some t rophob l a s t i c  epithe l i al c e l l s  of the pl acentas , 

no definit ive z o i t e s  or cyst - l i ke stru cture s reacted e ither with 

ant i -Ne o sp ora o r  ant i - Toxopla sma sera . 

2 . 2 . 4 .  D i s cu s sion . 

The mult i focal , non-suppurat ive encephal it i s  obs erved in the 

pre sent cases is typ i c a l  of the charact e r i s t i c  l e s i on s  observed 

in prot o z oal encepha l it i s  of bovine foetuses ( Thornton e t  a l . 

1 9 9 1 ,  Barr e t  a l . 1 9 9 2 , Anderson e t  a l . 1 9 9 1 ,  Niet feld e t  a l . 

1 9 9 2  ) . S ince Toxopl a sma gondi i i s  not a c ausal agent o f  bovine 

abo rt i on and Sarcocys t i s  spp . can be ruled out because of the 

d i s t inct ive hist o l og i c a l  nature o f  the l e s i ons ( see 1 .  2 .  4 and 

1 . 3 . 3 ) , a pre sumpt ive diagnos i s  of Ne ospora - induced abort i on can 

be made in bovine foet u s e s  with the s e  l e s i ons . 

I n  the c a s e s  examined the necrot i c  foci  were more evident 

than the inf l ammat i on and g l i a l  reaction . Thi s  is probably 

r e l at e d  t o  the fact that o lder foet u s e s  can deve l op an e f fe ct ive 

immune re sponse ( Banks 1 9 8 2 ;  Osburn et a l . 1 9 8 2 )  and t he r e fore 

a more severe l e s ion than young foetuses . a s  reported i n  other 

studi e s , the l e s i ons were more evident in the white mat t e r  of the 

brain with a pre ference for the brain stem (Barr e t  a l . 1 9 9 0 ;  

Ander s on e t  a l . 1 9 9 1 ) . The marked degree o f  aut o lys i s  u s u a l l y  

ob s e rved in the s o ft e r  part s o f  t h e  brain ( eg .  t h e  cerebrum ) i s  

thought t o  b e  re spon s ib l e  f o r  this s ituat ion . Howeve r ,  grey 

mat t e r  invo lvement has been report ed by other s  (Mcintosh & Haines 

1 9 9 4 ;  Ogino e t  al . 1 9 9 2 ;  Ot o l e  & Je f frey 1 9 8 7 ) and thi s 

const itutes a h i s t o l og i c a l  di f ference f rom the encepha l it i s  seen 

in aborted l ambs c aused by Toxopl a sma gondi i whi ch produ c e s  only 

l eukoma l ac i a  ( Ha rt l e y  & Kater 1 9 6 3 )  . 

P aras i t i c  s t ructures were s een with convent i onal 

h i s t o l ogical techn i ques i n  the brain i n  only one case . Neo sp ora 

spp . z oites were detected in moderate numbers by 

immun oh i s t ochem i c a l  react ion in s eve r a l  s e ctions in a l l  three 
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c a s e s . P revi ous reports have sugge sted that the percent age of 

foetu s e s  with p o s i t ive-react ing prot o z oa var ied greatly a ft e r  6 

months o f  gest at i on ( Barr e t  a l . 1 9 9 1 ;  Ogino et al . 1 9 92 ) . 

The pl acent a l  l e s i on s  resemble tho s e  previ ous ly de s c r ibed 

in natural l y  o ccurr ing cases  o f  neo spor os i s  ( Thornton et a l . 

1 9 9 1 ;  Barr et a l . 1 9 9 1 ) and in experiment a l ly-infected cows ( Barr 

e t  a l . 1 9 9 4 a ) . I n  the pre sent c a se s ,  the necro s i s  and 

de s quamat i on of the t rophob last epithe l ium was the most obvi ous 

l e s i on a lthough a mi l d  mononuclear inf i l t rat i on was a l s o  pre s ent . 

The immunohi st o chem i c a l  staining o f  the pl acent as d i d  not 

reve a l  any individu a l  or clusters of o rgani sms or cyst - l i ke 

paras i t i c  structure s .  Howeve r ,  " du st-l ike " st ained mat e r i a l  could 

be found in occa s i onal necrot i c  foc i . I t  is pos s ible that this 

was haemogl obin- l i ke p i gment whi c h ,  despite the high 

concent rat ion o f  hydrogen perox ide used ( 5 % during 3 0min . ) ,  was 

occas i on a l l y  seen in some sect i ons . It i s  al so p o s s ible i s  that 

this m at e r i a l  was the remains of Ne o spora ant i gen . S im i l ar 

ant igen mat e r i a l  has been described previ ous ly in sheep p l ac enta 

stained with ant i - Toxoplasma sera ( Uggla et al . 1 9 8 7 ) . The high 

spe c i f i city o f  the ABPC t e st used in this study support s the 

latt e r  p o s s ibi l ity . 

The pre sent study appears t o  be in agreement with previ ous 

work which has shown that a pre sumpt ive diagno s i s  o f  neo spo r o s i s  

b a s e d  o n  mu l t i fo c a l , non- suppurat i ve encepha l i t i s  in abo rted 

bovine foetuses is l i kely t o  accurat e l y  reflect the presence of 

Ne osp o ra spp . ant i gen . The pre sence o r  absence o f  di f f erent 

st age s of Ne ospora o rgani sms has been reported t o  be r e l at ed to 

the i mmune status o f  the foetus and it may explain the di f f erent 

hist o l ogical appearance s een i n  these cases . The 

immunohist o chem i c a l  staining t e chn i que confi rmed Neo spora 

organ i sms in CNS t i s sue o f  the aborted foetuses whi ch wou l d  s eem 

to s upport the views of other author s  who have propo sed this 
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Neo sp o ra can i n um i s  a cyst-forming c o c c i d i a l  prot o z o a  with 

s imi l arit i e s  t o  Toxop l a sma gondi i and Sarcocys t i s  spp . .  

Consequen t l y  the organ i sm should have a prey - predat o r  l i fe 

c y c l e  with a carnivore a s  the de fini t i ve host where the sexua l 

phas e  o f  t he para s it e s  l i fe cycle wou l d  occur ; i f  s o ,  t h i s  

definit ive host i s  st i l l  unknown . I dent i f i cat ion o f  the 

de f init ive host would be o f  great bene fit to the cat t l e  industry 

a s  it wou l d  enab l e  appropr i ate mea sure s for prevent i on and 

c ontrol o f  infect ion in cat t l e  to be introduced . 

S in c e  no expe riment al studie s  o f  t ransmi s s i on o f  Ne ospora 

sp . have b e en conducted in New Zealand,  it was dec i ded to attempt 

t o  inocul ate dogs with in fected bovine mat e r i al in order t o  

produce i n fect i on . The t r i a l  had the f o l l owing ob j ect ive s : 

1 .  t o  attempt t o  transmit infe ct i on t o  and reproduce the 

disease in pups . 

2 .  t o  attempt t o  i s o l ate Ne o spora 

experiment a l ly-infected pups . 

sp . from 

3 .  t o  attempt t o  i dent i fy sexual st ages o f  Ne ospora 

sp . in e xperiment a l ly-infected pups . 

2 . 3 . 2 .  Materi a l s  and methods . 

a .  Anima l s  - S ix New Z e a l and sheepdog pupp i e s  were obtained 

from the Animal Hea lth S e rvice Cent re ,  Massey Unive rs it y . The 

puppies  we re about t wo wee k s  o l d  and c ame from the s ame l itte r . 

At the t ime o f  the inoculat i on a l l  wer e  c l in i ca l l y  normal a s  was 

the · dam . The dam had been vac c inated against canine 

di stemper / hepat it i s  and parvovi rus but n o  other c l in i c a l  h i s t o ry 

was ava i l ab l e . The puppie s were hou s e d  with the i r  mother in a 

c lean i s o l ated cabinet with access  t o  wat e r . Three pupp i e s  ( Nos 

5 2 ,  5 3 ,  5 7 ,  5 8 )  were ino c u l ated with i n fe cted mat e r i al whereas 

two puppi e s  (Nos 5 4 ,  5 6 )  were used as uni n fected c ont ro l s . Faeces 
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w e r e  c o l l e cted from a l l  puppi e s  a t  3 t o  4 weeks o f  age . At t h e  

end o f  t he experiment ( 4  weeks P I ) , a l l  t h e  puppies  were k i l l e d  

u s ing pent obarbit one and necrops ied immediately . The t r i a l  was 

undert aken after t he approval of the Mas s e y  Unive r s i t y  Animal 

Ethics C ommittee . 

b .  I noculum Bovine foet al brain t i s sue from a 

h i st o l o g i c a l l y  

obt ained from 

con f i rmed 

Bat che l ar 

case o f  Ne osp ora sp . abo rtion was 

An imal Health Laborat ory ( BAHL )  in 

P a lmer s t on North . The foet a l  brain came from an abo rted fetus 

f rom a dai ry herd with a p revious history of Ne osp ora abort ion . 

H a l f  the brain was st ored at 4 C unt i l  the di agno s i s  was 

c on f i rmed by immunohi stochemi stry ( L inds ay and Dubey 1 9 8 9 )  I t  

was then processed u s ing the techn ique de s c r ibed b y  Dubey e t  a l . 

( 1 9 8 8 ) . I n i t i a l l y  i t  was d i s rupt ed in s a l ine ( 0 . 8 5 %  NaCl ) by u s e  

o f  a pest l e  and mo rt ar ,  t hen fi lt ered through a 3-4 0 0�m met a l  

s i eve , a n d  cent r i fuged a t  4 0 0 G  f o r  1 0  minute s .  The supe rnatant 

was d i s c a rded and the sediment was suspended in approximate l y  1 0  

ml o f  st e r i le sal ine so lut i on cont aining 1 , 0 0 0  I U  o f  pen i c i l l in 

and 1 0 0  �g of st rept omyc in/ml . The s ame homogenate was p repared 

for oral and int r aperitoneal rout e s  o f  inoculat i on . 

c .  I noculat i on - Pupp i e s  5 2  and 5 3  were given 1 . 5ml o f  the 

inoculum oral ly . Puppies 57 and 58 were int rape ritone a l l y  

inocu l at e d  with 1 . 0ml o f  inoculum . 

d .  Oocyst s i n  faeces - The faeces c o l lected were e x amined 

for oocy s t s  and other paras ite st ages whi ch might be a s s o c i ated 

with t ransmi s s ion . The method used was a f l otat i on t e chn i que in 

whi ch approximat e l y  5g of faeces were put in a sma l l  cont a ine r ,  

b roken down i n  wat e r  and f i ltered through a wire me sh screen with 

an ape rt u re o f  0 .  1 5mm .  The deb r i s  l e ft on the s creen was 

d i s c a rded and t he fi ltered faeces were suspended in ful ly 

s aturated NaCl ( S G  1 . 2 0 4 )  so lut i on unt i l  a convex meni s cus was 

formed at the t op of the tube . The su spens i on was then c overed 

with a c over glas s and a l l owed to stand for approximat e l y  2 0  min . 

Aft e r  t h i s  t ime the c over g l a s s  ( t o  whi ch any oocysts  would 
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adhere ) w a s  r emoved from the tube , mounted o n  a n  m i c ros c ope s l i de 

and examined at 4 0 0 x . 

2 . 3 . 3 .  Result s . 

Al l t he puppies remained c l in i c a l l y  normal throughout the 

exp e riment a l  peri od . 

At 4 weeks P I ,  when the puppies were necrops ied,  no gros s  

patho l o g i c a l  findings were obs e rved . S amples from t he CNS t i s sue 

(brain and spinal c o rd ) , l iver ,  kidne y ,  lung,  sma l l  and l a rge 

int e s t i ne s , stomach , panc reas , eyes , skelet a l  mus c l e  (both hind 

and forelegs ) ,  myocardium and tongue were f i xed in 1 0 %  formal 

s a l ine for h i st o l og i c a l  examinat i on . None o f  the s e  t i s su e s  showed 

h i s t opatho l ogical  l e s i ons when e xamined microscop i c a l l y  and no 

prot o z o an o rgani sms or cyst s could be ident i fied in any t i s sue 

s e ct i on . 

Faecal examinat ions o f  the experiment a l l y  infected anima l s  

d i d  not reveal the pre s ence o f  any api comp l e xan prot o z oan 

o rgani sms at any stage . 

No evi dence of prot o z o a l  infect i on was detected in the two 

cont r o l  an i mal s .  

2 . 3 . 4 .  D i s cuss i on . 

The e xper iment 

t r an s mitt ing Ne osp o ra 

reported here was unsucces s ful i n  

spp . 

i n fected brain homogenat e  

i n fect i on t o  young pupp i e s  u s ing 

from an aborted cal f .  The lack o f  

i n fect ivi t y  o f  the homogenate may have been due t o  a numb e r  o f  

p o s s ib i l it ie s . 

I n  dogs infected natura l l y  with N .  can i n um ( o f  c anine 

o rigin ) t he most s evere di sease has been des c r ibed in young 

anima l s  ( D ubey et a l . 1 9 9 2 a ,  Mayhew e t  a l . 1 9  9 1 ,  Hay et a l . 

1 9  9 0 )  . I n  a l l  the s e  cases  however ,  the d i s e a s e  was acqu i red 
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congen i t a l l y ,  whereas in the pres ent experiment the puppies  were 

ino c u l at e d  2 weeks after b i rth . The pathogene s i s  o f  infect i on and 

the r o l e  maternal immunity has in these c i rcumstance is not 

known . A bett e r  knowl edge of the dam' s immuno l ogical  s t atus would 

have been useful in this regard . 

S in c e  Neo sp ora spp . are cyst- forming api complexan s , it i s  

l i kely t h at they share with thi s group o f  re l ated prot o z o a  the 

character i st i c  o f  brady z o ites in t i s sue cysts  rather than 

t achyz o i t e s  be ing the main st age i nvo lved in t r ansmi s s i on from 

the herbi vore to the c arn ivo re host ( Dubey 1 9 7 7 ; 1 9 9 3 ) . It was 

there fore a s sumed that the c a l f  brain containing cyst s wa s the 

best cho i ce o f  infected mat e r i a l . Emphas i s  was put on s e l ect ing 

a b r a in with a relat ive ly l arge number o f  paras i t e s  a s  we l l  as 

one whi ch was reasonab l y  fresh . P revious work by Barr e t  a l . 

( 1 9 9 0 ,  1 9 9 1 )  has shown that aut o l y s i s  was a l imiting condit i on 

for t he i s o l at i on o f  Ne ospora from aborted ca lves . The c a l f  brain 

wa s maint a i ned at 4 C for a period of 12 days be fore use in order 

to c on f i rm infect ion and obt ain recent ly born pupp i e s  for 

ino culat i on . Thi s pro l onged period o f  storage could have been 

respons ib l e  for the fai lure t o  infect . However ,  a l onger period 

o f  storage preceded succ e s s ful i s o l at i on of organ i sms in t i s sue 

culture ( Conrad et a l . 1 9 9 3 ) . The route s  of inoculat i on emp loyed 

here have a l s o  been used succe s s ful l y  by other workers with 

N .  c a n i n um ( L inds ay & Dubey 1 9 8 9 c ,  1 9 9 0b )  . 

The present work , although a smal l-scale experi ment , fai led 

t o  produce any evidence to incriminate dogs in the t ransmi s s i on 

o f  Ne ospora spp . I t  i s  known that catt l e  e xper imenta l l y  

inoculated with N .  c a n i n um ( o f  canine origin ) c an be i nduced t o  

abort ( Dubey et a l . 1 9 9 2 b )  but whether or n o t  t h e  natural bovine 

infect i on i s  caused by N .  caninum i s  not cert a i n  at the t ime o f  

writ ing . There f o re unt i l  more evidence i s  avai l ab l e  it i s  

i mport ant that research o n  t h e  canine organ i sm should b e  

s e gregated from work o n  t he bovine organ i sm ( Smith 1 9 9 3 )  . 
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CHAPTER 3 .  

A SEROLOGI CAL S TUDY OF A DAIRY HERD WITH A RECENT HI STORY OF 

NEOSPORA ABORTION . 

3 . 1 .  Introduction . 

Unt i l  recent l y ,  the di agno s i s  o f  Ne ospora infect i on has been 

based on the i dent i fi c at i on o f  characteristic  l e s i ons and/or 

t i s sue cysts in haemat oxy l in and e o s in ( HE )  stained 

hi stopat ho logi c section s ,  combined with immunohi s t o chemical tests 

to dete c t  t achy z o ites and confirm the i r  ident ity by react ivity 

with Ne o spora c a n i n um ant i sera (Anderson et a l . 1 9 9 1 ;  Barr e t  al . 

1 9 9 1 ) . 

U s i ng the s e  techni ques Ne o spora organi sms have been 

a s s o c i at e d  with neonat al pare s i s , encephal omye l it i s  and abortion 

in c att l e  ( Dubey & Linds ay 1 9 9 3 )  . Ne ospora ass o c i at e d  abortion 

has now been reported from many c ountries inc luding New Zea land 

( Thornt on et a l . 1 9 9 1 ;  Dubey 1 9 9 2 a )  . 

I n  a l l  the s e  repo rt s ,  the diagnos i s  o f  neosporos i s  was made 

on the b a s i s  o f  the examinat i on s  o f  aborted mat e r i a l  a s  it was 

not po s s ible at that t ime , to t e st for evidence of Ne o spora 

infe ct i on in l ive catt l e . 

Onl y  in t he last two years has the deve l opment o f  an 

indi rect fluo r e s cent ant ibody ( IFA) test , a l l owed a new approach 

t o  the di agnos i s  o f  Ne o sp ora infect ion . Init i a l l y  the t e s t  was 

suc c e s s fu l l y  e mpl oyed to i dent i fy N .  caninum i n fe ct i on s  in dogs 

( Dubey et al 1 9 8 8b ;  Trees e t  a l . 1 9 9 3 ) , but l at e r  it was 

demonst r ated t o  have pot ent i al app l icat i on for the di agnos i s  o f  

Ne o sp ora infe c t i ons in c at t l e  ( Trees e t  al . 1 9 9 4 ; Conrad e t  a l . 

1 9 9 3b ;  Thornt on e t  a l . 1 9 9 4 ) . 

The f i r s t  IFA test wa s deve l oped by Dubey e t  a l . ( 1 9 8 8b )  

us ing cu lture-de rived t achy z o i t e s  o f  N .  can i n um ( NC- 1 ) i s o l ated 

from dogs a s  ant igen . In this study , N .  can i n um IFA t it r e s  were 



6 6  

found i n  natural l y  and experi ment a l l y-infected dogs and in 

experiment a l l y-infected mice . A s im i l ar procedure u s ing the s ame 

Ne ospora s t rain (NC-1 ) was a l s o  used in a second s tudy ( Trees e t  

al . 1 9 9 3 )  on a populat i on o f  urban dogs i n  England . 

Knowledge o f  the ant i geni c s imi l arity between N .  can i n um 

and other Ne ospora spp . and the ava i l ab i l ity of t h i s  serologic 

test s o on mot ivated researche r s  t o  use the IFA t e s t  for the 

di agno s i s  o f  neosporos i s  in c att l e . Unfortunately howeve r ,  the s e  

earliest attempt s were not succe s s fu l  as most comme r c i a l  bat che s 

of foet a l  c a l f  sera ( u s ed in the cell  cu lture o f  Ne osp ora 

can i n um )  a l re ady had ant ibodie s  to Neo sp ora sp . ( Dubey & Lindsay 

1 9 9 3 )  . 

Mo re recent l y ,  encouraging results were obt a ined by T ree s 

et al . ( 1 9 9 4 )  u s ing the NC-1 i s o l ate o f  N .  c a n i n um ,  cu ltured in 

Ve ro ce l l s  and grown in a medium without serum supplement at i on . 

About t he s ame t ime , Conrad e t  a l . ( 1 9 9 3 a )  first i s o lated the 

para s i t e  ( BPAl ) from an aborted bovine foetus and used this 

strain a s  the ant i gen in a IFA t e st for ident i fying Ne o spora­

infected c at t l e  ( Conrad e t  a l . 1 9 9 3b ) . Thi s init i al evaluat i on 

of the t e s t  was succe s s fu l  in detect ing ant ibodie s  in both 

natural l y  and experiment a l l y-infe cted catt l e ,  although because 

of c ro s s -react ivity with other c l o s e l y  related prot o z oa there was 

some t rouble in i dent i fying anima l s  that were unquest i onab l y  free 

of Ne o sp o ra . 

U s ing the test devel oped by Co���d e t  a l . ( 1 9 9 3 ) ' 
int e re s t ing prel iminary dat a were obt a ined from t wo dai ry farms 

in C a l i forn i a  ( USA) (Pare et a l . 1 9 9 4 ) . The sera were tested at 

a cut o f f  t i t re o f  1 : 6 4 0  and a prevalence of approximately 3 0 %  

seropo s it ive anima l s  were f ound i n  p re c o l o s t ra l  c a lve s and adult 

cat t l e  al l owing specu l at i on that the herd infect ion may be 

maint ained,  a ft e r  init i a l  infect i on , through c ongeni t a l  

t ransmi s s i on . 
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Because there i s  a current worldwide lack o f  knowledge o f  

the seropreva l ence o f  Ne ospora spp . i t  was decided t o  undertake 

a study of a dai ry farm whi ch had recent ly exp e r i enced an 

outbreak o f  Neospora abort i on . The purpose of thi s wo rk was t o  

determine t he Neo sp ora spp . s eropreva l ence i n  catt l e  o f  d i f fe rent 

age group s . 

3 . 2 .  Materials and Methods . 

- F a rm hi st ory . 

The da i ry farm used in thi s study had recent l y  exper i enced 

a storm of abort ions confirmed by the BAHL as Neospora-induced . 

It  was l o c ated in the Taranaki area o f  the North I s land o f  New 

Zealand and was of " seasona l "  t ype with a ca lving s e a s on in Jul y ,  

Augus t  and S ept ember .  The cows were F r i e s i an and were fed on 

past0re throughout the yea r ,  rece iving some supplement ary feed 

( hay)  when there was a s hort age o f  gras s . Art i fi c i a l  

inseminat i on was u sed f o r  the who l e  herd and rep l acement h e i fe r s  

were r e a r e d  on t h e  same farm , but were grazed o f f  t h e  f a rm for 

approx imate l y  one year . The herd was " c losed" , i e . no anima l s  

were introduced from other farms . Three dogs , two cat s ,  and a few 

horses and hens were a l s o  pre sent on the farm . 

The herd had a popu l at i on ,  at Jul y  1 9 9 4 , o f  2 6 7 anima l s  

compri s i ng 3 4  c a lve s ,  3 3  weaner he i fers , 6 0  young c ows ( born i n  

1 9 9 0  a n d  1 9 9 1 )  and 1 5 0  o l der c ows . Twent y one abo rt ions were 

not i f i e d  as fo l l ows : 1 8  between 2 0 / 4 / 9 4 -2 5 / 5 / 9 4 ,  1 on 1 0 / 6 / 9 4 and 

2 at an unrecorded t ime . S e ra were obt ained from a l l  the c a lve s ,  

3 2  weaner he i fe r s , 5 9  young c ows and 1 0 1  randomly s e lected o lder 

c ows . 

S e rum from e ach animal was stored at -2 0 C unt i l  t e sted . I n  

a n  attempt t o  overcome di fficul t i e s  with non-spe c i f i c  react i ons 

s ome s e r a  were heat inact ivated at 5 6  C for 30 min . For the 

det e c t i on o f  ant ibodie s  t o  N .  can i n um ,  the sera were di luted in 

pho sphate buf fe red s a l ine , pH 7 . 2 , at 1 : 4 0 0  t itre . 
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- Indi rect fluorescent ant ibody ( IFA) test . 

Twenty f ive s l i de s  cont a in ing N .  c a n i n um infected Ver o  c e l l  

cultures spotted ont o the sur face o f  t e flon masked s l i de s  and an 

ant i -cow I gG 1 - I gG2 ( fluore s c e i n  i s othi ocyanate c on j ugat e )  were 

obt a ined f rom Veterinary Medi c a l  Re se arch and Deve l opment , Inc . 

(VMRD ) , P u l lman , WA USA . 

S l i de s  with 2 0 �1 of diluted serum added per we l l  were f i rst 

incubated for 30 min in a humidity chamber at 37 C .  and then were 

wa shed and s o aked for 1 0  min in FA rinse buf fe r ,  pH 9 . 0  (VMRD , 
Inc . ) . They were then incubated in f luore s cein i s othioc y anate­

labe l led ant i -cow I gG as in the f i r st incubat i on ,  washed and 

soaked aga i n ,  then mount ed with mount ing fluid ( gl yce r o l / FA rinse 

buffer 5 0 / 5 0 ) , and examined under an epi fluores cent m i c r o s cope . 

Di ffuse o r  per ipheral st aining o f  ent i re organi sms wa s con s i dered 

p o s it ive and ap i c a l  staining was con s i de red nonspe c i f i c  c ro s s ­

react i on . P o s it ive and negat ive c ont r o l s  were u s ed with e a c h  s et 

o f  s l ides proces sed t ogethe r . 

- Dat a analys i s . 

P aradox was used as a dat abase . A Chi-square p r ocedure was 

performed with the SAS program . The f i rst Chi -s quare analy s i s  

invo lve d  a l l  the var i ables t o gether and then a Chi - s quare t e s t  

f o r  e ach p a i r  for variab l e s  w a s  c a rried out . A D rawperfect 

P resent a t i on program was used for the graphi c s . 

E st imat i on o f  s ample s i z e  requ i e red t o  y i e l d  s t at is t i c a l l y  

va l i d  dat a was c a l culated in S TATCALC program ( Ep i -info 6 . 0 0 ) . 

Us ing a confidence leve l o f  9 5 %  and an expected frequency o f  3 8 %  

(based on P are e t  al . 1 9 9 4 ) , the requ i e red s i z e s  o f  e ach group 

were : 3 2  c a l ve s , 3 0  weaner he i fe r s , 4 4  young c ows and 1 0 9  adult 

cows . As noted e a r l i e r ,  34  c a l ve s , 3 2  weaner he i fe r s , 5 9  young 

cows and 1 0 1  o lder cows were t e sted . 
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3 . 3 .  Result s . 

The r e s u l t s  obt a ined are shown in F igure 3 . 1 5 .  The 

p r oport i o n  of seropo s it ive anima l s  for e ach group we re : 3 2 %  

( 1 1 / 3 4 )  o f  c alve s , 3 %  ( 1 / 3 2 ) o f  weaner he i fers , 3 1 %  ( 1 8 / 5 9 )  o f  

young cows and 2 7 %  ( 2 7 / 1 0 1 )  o f  adu l t  cows . The mean ( e xc luding 

t he weane r  he i fe rs )  was 2 9 % ( 5 6 / 1 9 4 )  and the 9 5 %  conf i dence 

l imit s were 2 3 %  t o  3 5 % . The heat inact i vat i on of s e r a  had no 

e f fe ct on the result s . 

A s ign i f i c ant di ffe rence in the number o f  s eropo s i t ive 

a n ima l s  was found when a l l  the groups we re c ons i de red t ogether 

( p < O . 0 1 ) . 

In  o rder t o  t e st the s igni f i c ance o f  the difference s  between 

age-groups a Chi - s quare analys i s  was performed for each age group 

versus other age groups . The " weaner he i fer"  group d i f fe red 

s igni fi c ant ly (p<0 . 0 1 )  from e ach of the other group s . Howeve r ,  

t h e  " ca l ve s " ,  " young cows " ,  and " adult c ows " groups showed did 

not di ffer s igni f ic ant l y . 

The d i ffuse peripheral staining c o n s i dered p o s i t ive ( F i g  

3 . 1 6 ) . Thi s  was di fferent t o  the ap i c a l  f luore scence pattern ( F i g  

3 . 1 7 )  whi c h  was s een in 1 0  ( 2 9 % )  c a lve s ,  9 ( 2 8 % )  we aner he i fe r s , 

1 5  ( 2 5 % )  y oung cows , and 1 4  ( 1 4 % )  adult c ows (mean= 2 5 % ,  and 9 5 %  

c onfidence l imit s =  1 9 % t o  3 1 % )  . 

Al l the 2 1  abort ing c ows , apart from c ows Nos 1 0 2  and 2 1 2 ,  

were s eropo s it ive at a 1 : 4 0 0  t it re . I n  order to find the maximum 

t itres o f  the abo rt ing c ows , di fferent serum di lut i on s  were 

t e sted ( t ab l e  3 . 1 ) . Cows Nos 1 0 2  and 2 1 2  ( both negat ive ) were 

reported a s  c ows whi ch had aborted earl i e r  than Apr i l  and were 

b l ed with the mai n  group ( two months aft e r  the abort i on s t o rm )  . 

Cows Nos 3 4 ,  6 4 ,  4 2 ,  1 7 4 ,  8 6 ,  1 0 9 ,  1 1 1 ,  1 2 7 , 1 4 1 ,  and 1 8 7  were 

bled at the t ime of abort i o n ,  and cows Nos 1 ,  1 4 ,  4 5 ,  8 9  and 9 4  

were b l e d  2 month s  a ft e r  the abo rt i on o ccurred . 
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F i gure 3 .  1 6 . Tachy z o i  tes  o f  Ne o sp ora in a po s i t ive indi rect 
f l uorescent ant ibody test . Note the br ightne s s  o f  the who le 
paras ite . x4 0 0  

F i gure 3 . 1 7 . Tachy z o i t e s  of Ne osp ora in a negat ive s ampl e  of 
indi rect fluores cent ant ibody test . Note the api c a l  b r i ghtne s s  
a t  t h e  ant e r i o r  end o f  t h e  para s ite . x8 0 0  
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TABLE 3 . 1 :  NEOSP ORA IFA TEST RE SULTS ON SERA FROM ABORT ING 
cows . 

3 4  
4 2  
6 4  
8 6  
1 0 9  
1 1 1  
1 2 7  
1 4 1 
1 7 4  
1 8 7  

1 
1 4  
4 5  
8 9  
9 4  

1 : 4 0 0  

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

* · not t e s t ed . 

Se rum dilut i on s 

1 : 1 6 0 0  1 : 6 4 0 0  1 : 1 2 8 0 0  

Cows bled at the t ime o f  abort i o n . 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

1 : 2 5 6 0 0  

* 
* 
* 
* 
* 
* 
* 
+ 
* 

Cows bled two months after the abo rt i on . 

+ 
+ 
+ 
+ 

* 
+ 
+ 
+ 

* 
* 
* 

The r e s u l t s  show that 9 / 1 0  c ows b l ed at the t ime o f  abo rt i on 

had t i t r e s  > 1 : 1 2 8 0 0  whereas 0 / 5  c ows bled 2 months a ft e r  

aborting were p o s i t ive a t  t h i s  di lut ion . 

3 . 4 .  D i s cu s si on . 

The weaner he i fers we re the onl y  group o f  cat t l e  on the farm 

with a l ow p reval ence of N .  caninum ant ibodies ( 1 / 3 2 )  . The one 

po s it ive animal in this group may have been due t o  an odd non­

spec i f i c  react i on or a l ow background l eve l of infect i on on the 

propert y whe re they were kept . Since the weaner he i fe r s  were 

grazed o f f  the farm at the t ime the outbreak occurred,  the mo st 

l ikely e xp l anat ion for the difference was that they avo ided the 

infect i on . Thi s  obs ervat ion provide s st rong,  i f  indirect , 



7 3  

evidence that the infect ion i s  transmit ed by means o f  an 

infect ious agent pre sent in the envi roment . 

The other groups ( calve s ,  young cows and adult cows ) a l l  had 

a s imi l a r  preval ence of approximate l y  3 0 %  sugge st ing that the 

infect ive agent was widely ava i l ab l e  at the t ime . The se results 

are s imi l a r  to the prel iminary dat a publ i s hed by P are e t  a l . 

( 1 9 9 4 )  in whi ch the herd had a s e ropo s it ivity o f  approximately 

3 4 %  with n o  s i gn i f i cant inc rease in the rate of infe ct ion with 

age . Higher values ( about 5 0 %  prevalence ) were reported in New 

Zealand by Thornton e t  al . ( 1 9 9 4 ) . In the l atter study ,  s imi lar 

prevalences were reported in adult cattle and he i fe r s  ( t hough not 

stat i s t i c a l l y  tested)  and the l aborat ory analy s i s  was done in 

Canada u s ing a " cut o f f "  di l ut i on of 1 : 2 0 0  in sera from anima l s  

b l ed 5 month s  a ft e r  the outbrea k . D i rect compari s on o f  these 

resul t s  with those in the pre sent study i s  t he re fore not 

pos s ib l e . 

The r e c ommendat i on for the use o f  the t e st ( VMRD , Inc . 

Laborat ory ) was that bovine sera should be screened at 1 : 2 0 0  for 

I gG . .  Our dec i s i on to use a cut o f f  t it re o f  1 : 4 0 0  was made on the 

bas i s  of the l imited pub l i shed dat a ava i l able . Tree s e t  a l . 

( 1 9 9 4 ) , in an attempt to eva luate the s i gn i f i c ance o f  bovine 

Ne ospora abo rt i on in Britain , considered a pos i t i ve react ion at 

a dilut ion o f  1 : 1 2 8 0  as an indi cation of Ne ospora abort i on . Thi s 

approach included most of the infected catt le,  but by no means 

a l l ,  s ince a high proport i on of infected dams ( 2 2 % )  have been 

reported to have t itres between 1 : 3 2 0 - 1 : 6 4 0  ( Conrad e t  a l . 

1 9 9 3 b ) . Moreove r ,  it i s  known that Ne o sp ora ant ibody l eve l s  

change with t ime ( Conrad e t  a l . 1 9 9 3b )  a lthough i t  i s  not yet 

cert a i n  how much they vary . Current dat a sugge st t it re s  increase 

up to a peak of the t ime of abo rt i on and subsequent ly dec rease 

within the first 5 months post -abort i on ( Conrad e t  a l . 1 9 9 3b )  

showing a dive r s ity o f  value s at e ach o f  the s e  e xt reme point s . 

Bearing t h i s in mind it was decided t o  s c reen the sera at a 

conservat i ve cut o ff point o f  1 : 4 0 0 . 
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P are e t  al . ( 1 9 9 4 )  speculated that Neospora infect i on onc e  

e s t abl i shed, may be maint a ined thereafter t hrough c ongenital 

t ransmi s s i on . Un fortunately , we could not val i date thi s 

hypothe s i s  because the calves in the herd studied were 

approximat e l y  5-7 months old at the t ime o f  b leeding . For this 

r e a s on it s e ems that it  i s  more l ikely that the h i gh t it r e s  

obt ained i n  c a lve s were due t o  recent ly acqui red infect i on rather 

t han conge n i t al t ransmi s s i on . The p o s s ibi l ity that t hese are 

maternal ant ibodi e s  is not l ike ly s ince the l imited evidence 

ava i lab le s uggests  that Neospora ant ibodies in s ome anima l s  can 

drop t o � 1 : 1 6 0 over a 1-5 month pe riod ( Conrad et a l . 1 9 9 3b ) . 

The addit i on a l  data presented in Tab l e  1 ,  show t it re s  o f  

aborting c ows at two different t ime pe riods . The two c ows ( 1 0 2 

and 2 1 2 ) whi ch were serol ogi c a l l y  negat ive may have been empt y 

a s  a result o f  infert i l ity problems other than Neospora- in fe ct i on 

s i nce n o  foetus was available for diagnos i s . The t it re var i at i on 

between t he rest of the abo rted cows is mo s t  l ike l y  due to the 

di fferent t ime s at which the infec t i on was c ont ract ed,  although 

t it res ranging from 1 : 32 0  t o  1 : 5 1 2 0 have been reported in sera 

t aken at the t ime o f  abort i on ( Conrad et a l . 1 9 9 3b ) . 

I n  the pre s ent study mo st o f  the abo rted cows showed a 

maximum t it re of 1 : 1 2 8 0 0  whi ch was twice the max imum t i t re for 

abort ing c ows reported by others ( Conrad et al . 1 9 9 3b ;  Trees et 

a l . 1 9  9 4 ) ; s imi l ar values we re only found in experiment a l l y­

i no cu l at e d  hei fers and in natura l l y  c ongenita l l y-infected calve s 

( Conrad e t  a l . 1 9 9 3b ) . 

D at a  obt ained from the farmer revealed that 8 6 % ( 1 8 / 2 1 )  o f  

the abort i on s  o ccurred over a short period o f  t ime . Thi s 

" c luster " o ccurrence o f  abort i ons support s the view that the herd 

became i n f e ct ed over a l imited t ime int e rval and suggests  a 

common s ource o f  infect i on ( Thornton et a l . 1 9 9 1 ;  1 9 9 4 ) . The 

p o s s ib i l it y  that the anima l s  had acce s s  to hay c ont amined with 

faeces of a carnivore , as o c curs in Toxopl asma i n fect i on sheep 

( Underwoo d  & Roo k  1 9 9 2 ) , was unl i ke l y  in this c a s e  s ince no hay 

was fed p r i o r  t o  the outbreak . 
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The r e s u l t s  a l s o  showed that a l a rge proport i on o f  the herd 

( approx imate l y  2 5  % )  had sera whi c h  only reacted with the api cal 

end of the para s i t e . Thi s react ivit y  may be due to ant i gens in 

the api c a l  c omp l e x  structure o f  Neo sp ora whi ch are s hared with 

other c l o s e ly related api complexans ( Conrad e t  a l . 1 9 9 3b ) . 

Sarcocys t i s  spp . infect i ons appear t o  be common in New Zealand 

catt le ( Bottner et a l . 1 9 8 6 ;  Mit che l l  1 9 8 8 )  and othe r related 

prot o z o a  such a s  T .  gon di i  ( see sect i on 1 . 3 ) , Hammon di a spp . and 

Besn o i t i a  spp . have been a l s o  reported in New Zea l and a lthough 

not in catt l e  ( McKenna 1 9 7 8 )  . The s e  para s i t e s  and others may 

therefore be respon s ible for the c r o s s-react ivity . 

Although it was not a ma j or prob lem, some di f f i cu l t y  arose 

in the interpretat i on of fluores cence in s ome sera . 

D i f ferent i at i on o f  ap ical fluores c ence from who l e  para site 

f l uore s cence was somet ime s di f f i cu l t  be cause both fluorescence 

patterns , we re pre sent in the s ame sample but with different 

de grees o f  brightne s s . The resul t s  were interpreted on the bas i s  

that only marked whole paras ite f luores cence was cons idered 

pos itive . A p o s s ible explanat ion for the presence of both types 

of fluore s c ence may be that both Ne ospora and a c ro s s -react ing 

i n fect ion were present . Anothe r pos s ib i l ity may be that 

N. can i n um ,  rather than bovine derived Ne ospora ( Conrad e t  al . 

1 9 9 4 ) , was used a s  ant igen , although Trees et al . ( 1 9 9 4 ) reported 

no interpret at ion problems us ing the s ame strain of N. can i n um 

( NC-1 ) . The int e rpret at i on prob l em wa s pre s ent in both he at 

inact ivat ed and non-inact ivated groups of sera . 

With the l imited dat a obt a ined in the pres ent study it can 

be concluded that the Neospora I FA t e st i s  a useful adj unct in 

the diagn o s i s  and study of neosporos i s  in c att l e . The different 

degree s  o f  brightne s s  obs erved between a weakly pos it i ve and non­

spe c i f i c  react i on may rely to some extent , on personal 

interpre t at i on which would make between laboratory c ompari sons 

d i f f i cul t . Despite this cons i de rat ion,  the present result s 

demonstrate t hat Neospora infect i on on this part i c u l a r  dairy farm 

was high ( approximately 3 0 % )  and there w� s no stat i st i cal 
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di f fe rences between the age groups except for the weaner he i fers 

whi c h  were off  the farm at the t ime o f  the infect i on . Thus it 

seems l ikely that infect ion in the pre s ent farm o c curred at one 

t ime and a l l  the expo sed anima l s  were equally sus cept ib l e . 

Thi s serol ogi cal study undertaken in a New Z e a l and dai ry 

herd has provided s ome pre l iminary dat a related t o  the 

epi demi o l ogy of Ne ospora spp . infect i on . Future re search 

invo lving more extens ive studi e s  should now be unde rt aken in 

order t o  obt ain an accurate est imate of the prevalence of the 

infect i on and the l i ke l y  inc idence o f  disease . In part i cu l a r ,  

s t u d i e s  o f  infected da i ry herds w i t h  di ffe rent management s y stems 

are nece s s ary in o rder to c l arify the r o l e  of graz ing replacement 

he i fers o f f  the farm,  the t ime at whi ch infect i on i s  init i a l l y  

acqu i red a s  we l l  a s  the s ource o f  infect i on . Answe r s  t o  the s e  

que s t i ons are o f  v i t a l  import ance be fore any adv i ce c an be given 

on prevent ing or cont r o l l ing the di s e ase . 
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CHAPTER 4 .  

AN EPIDEMIOLOGI CAL STUDY OF ABORTION DUE TO NEOSPORA SPP . IN 

DAIRY HERDS OF THE NORTH ISLAND . 

4 . 1 .  Introduction . 

S ince the f i r s t  report of neo sporo s i s  in c att l e ,  most 

s c ient i f i c  l it e r ature has been concerned with the patho logical 

aspects o f  the d i s e a s e . Very few repo rt s (Nietfe l d  e t  a l . 1 9 92 , 

Ande r s on et al . 1 9 9 1 ,  Thornton e t  a l . 1 9 9 1 )  have attempted t o  

charact e r i z e  t h e  epi demi o l ogic features of Ne osp o ra abo rt i on i n  

c att l e . L a c k  o f  knowl edge o f  the l i fe cycle o f  the paras ite and 

the relat ive ly recent history of the di sease have made 

ep idemi o l og i c  studies of this di s e a s e  unatt ract i ve . 

However ,  a knowledge o f  the epi demi o l ogi c a l  features o f  

Ne osp o ra abo rt i on wou ld b e  useful in provi ding i n fo rmat i on for 

cont ro l l ing the disease , dimini shing t he losses due to abort i on 

and po s s ib l y  provide s ome c lues as t o  the mode o f  t ransmi s s ion . 

I n  order t o  do t hi s ,  inve s t igat i ons o f  the di s e a s e  prevalence , 

s ource o f  infe c t i on and/ o r  r i s k  factors assoc i at ed with the 

disease are needed . 

The purpo s e  o f  the pre s ent study was t o  attempt t o  ident i fy 

ep idemi ological factors a s s o c i ated with Neosp o ra abo rt i on on 

dairy farms and c ompare the s e  with dat a obt ained from dairy farms 

e xpe r i encing abo rt ion due t o  other cause s . The study i nvo lved a 

�ai led que s t i onnai re survey of dairy farmers in North I s l and o f  

New Z e a l and who h a d  experienced abo rt i on in the 1 9 9 2 s e ason . 

4 . 2 .  Material and Methods . 

S tudy des i gn . 

The study de s ign emp l oyed was a case-cont rol s tudy u s ing a 

mat ched and a random cont r o l  for each case studi e d . 
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The s ample popu l at i on was c omposed o f  dai ry farms whi ch had 

experienced abort i ons in the 1 9 9 1 - 1 9 9 2 period and submit t ed 

aborted mat e r i a l  t o  e ither the Batche l a r  An imal Health 

Laborat o r y ,  P a lmerston North or the Ruakura An imal Health 

Laborat o r y ,  Hami l t on . The s e  two l aborat o r i e s  rece ive s amples  from 

the three large st dai ry areas o f  the North I s l and ( Taranak i ,  

Manawatu and Waikat o )  . The fourth important dairy a r e a ,  

Northland,  submit s s amp l e s  t o  t h e  Glyn f i e ld An imal Health 

Laborat o r y , Auc k l and, and was not inc luded . 

The Ne ospora abort i on group ( " cases " )  was comp i led from a l l  

the f a rms whi ch suffe red Ne ospora abort i on s  i n  t he 1 9 9 1 - 1 9 92 

period . D i agno s i s  of a Ne ospora abort i on was made on the ba s i s  

o f  h i s t opatho l og i c a l  l e s i ons obse rved i n  the brain and/ o r  heart 

and / o r  skelet a l  mus c l e s  o f  aborted calve s . 

The cont r o l  groups were c omp i led b y  s e lecting farms that 

expe r i enced abo rt i ons due t o  c auses  other t han Ne o spora dur ing 

the s ame per i od . The causes o f  abort i on in the se groups were 

var i ab l e  ( eg : l eptospiro s i s ,  BVD , Not known , et c )  and di agno s i s  

was made o n  the bas i s  o f  h i s t o l ogi c a l , sero l ogi c a l  and 

microb i o logical  examinat i on . The brain was examined in a l l  the 

aborte d  foet u s e s  in the c ont r o l  groups and no l e s i on s  susp i c i ous 

o f  Ne o spora - l i ke infect i on were observed . From these farms a 

group o f  geograph i c a l l y  mat ched cont r o l s  was comp i l e d  ( " mat ched" 

group ) . They were chosen by the i r  c l o s e  proximity t o  the farms 

expe r i encing Ne ospora abo rt i ons . After p l ot t ing the l o cat i on o f  

farms e xperienc ing abort ion on a map o f  the local area , the farm 

with t he nearest po s s ible l oc at i on t o  a farm expe ri e n c ing 

Neo sp o ra abort ions was chos en . A second " random" c ont r o l  group 

was a l s o  c omp i l e d . I t  was composed of indivi dual f a rms a l s o  with 

abort i on s  due to causes  other than Neospora . They were s e l e cted 

by a S impl e  Random S ampl ing method (Dawson- S aunder s  & T rapp 1 9 9 0 )  

us ing a t ab l e  o f  random numbers . 

The number o f  f a rms s amp l e d  in each group i s  shown in T ab l e  4 . 1 .  



TABLE No 4 . 1 :  NUMBER OF DAIRY FARMS EXPERI ENC ING ABORT I ON I N  
THE CASE-CONTROLLED STUDY 

Contro l s  
Laborat ories Cases  * 

BAHL 

RAHL 

BAHL : 
RAHL : 

Mat ched * *  

2 1  2 1  

5 7  5 7  

Bat che lar An imal Health Laboratory 
Ruakura An imal Health Laborat ory 

Random 

2 1  

5 7  

7 9  

* 

* *  
farms experiencing abort i ons di agnosed a s  Ne osp o ra . 
farms matched on geographi c  l o c at i on . 

Que s t i onna i re . 

A que sti onnaire form was de s i gned for dai ry farme r s , 

(Appendi x ) . The quest i ons incl uded : charact e r i st i c s and gen e r a l  

informat i on about the f a r m ,  de s c r ipt ive aspects o f  t he h e r d  and 

any i n f o rmat ion l ikely t o  be relevant to the transmi s s ion of the 

disease . Some of the que s t ions were histori cal and referred t o  

previ ous years ( 1 9 8 9 - 1 9 9 2 ) . 

The quest i onna i re forms were ma i led t o  the farme r s  vi a the i r  

l ocal veterinary pract it i oners during May 1 9 9 3 . A letter 

expl a i n i ng the ob j ect ive s  o f  the study and a franked ret u rn 

enve l op e  were inc luded with each que s t i onnaire . 

D at a . 

P a radox and Dba s e  I I I  programmes were used t o  deve l op dat a 

bases . The stat i st ic a l  analys i s  was made u s ing Ep i - I n f o  6 . 0 0 .  

Each var i able was analysed in a 2 by 2 t ab l e  ( " c as e s " vs 

" random " ) with the " t ab l e s " c ommand in ANALYS I S  programme . The 

procedu re provided " odds rat i o " ,  " ch i - s quare " and " c on f i dence 

interva l "  values for each vari ab l e  ana l ysed . For the ''mat ched" 
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c o nt ro l , a "mat ch" command with t he s ame c a l cu l at ion was used . 

The "powe r "  o f  the test and the " s ample s i z e "  we re e s t imated by 

S TATCALC cal cul at i ons . The graphs were made u s ing the WP 

P r e sent at i on programme . 

4 . 3 .  Result s .  

Between 1 st January and 3 1 st December 1 9 92 ,  1 4 7  cas e s  o f  

bovine abort i on were submitted a t  BAHL f o r  di agno s i s . Of these 

2 1  ( 1 4 % )  showed l e s i ons charact e r i st i c  o f  Ne ospora infect i on . 

During s ame per i od RAHL recorded 7 6 8 abort i ons with 1 2 2  ( 1 5 % )  o f  

the Ne o sp ora -type . Neosp ora was the mo st frequent l y  diagnosed 

c ause o f  abort i on at both BAHL and RAHL l aborator i e s . 

The l ocat i on o f  a l l  2 1  cases o f  Neospora abort i on from BAHL 

was i dent i fied and placed on the maps o f  lower North I s l and . 

Howeve r ,  the l o c at i on o f  on ly 5 7  c a s e s  from RAHL cou l d  be 

a c curat e l y  ident i fied and mapped . 

A t otal of 2 3 4  ques t i onnai re s  were mai led and 1 0 5  ( 4 4 % )  

repl i e s  obta ined whi ch were ana l y s able . These c on s i sted o f  3 5  

Ne o spora " cases " ,  4 6  mat ched cont ro l s  and 2 4  random contro l s . 

Only 1 7  cases were abl e  t o  be matched with the i r  respect ive 

contro l s . 

The data obt a ined s howed that a l l  but one o f  the farms 

exper i enc ing Neospora abo rt i ons in the study we re " se a s on a l  

farms " with a concent rated mat ing season p l anned t o  obt a in peak 

m i l k  p ro duct i on in l ate-winter/ear ly-spring of the next s e a s on . 

The mean herd s i z e  was 2 3 9  animal s  with a range o f  1 1 5  t o  4 4 0  

an imal s .  

Afte r  reading the rep l i e s ,  it  was dec i ded that only dat a for 

the 1 9 9 2 year woul d  be cons idered . Ques t i ons referring t o  1 9 8 9 ,  

1 9 9 0  and 1 9 9 1  were i gn o red because o f  incomp l etene s s  and 

incon s i stenc i e s  in the data . A further 12 Ne osp ora " ca s e s " 

ques t i onnai res were a l s o  excluded mainly because o f  the 
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i n c on s i stency between t he l aboratory diagn o s i s  and the dat a 

reported by the farme r . 

The numbers o f  abort i ons per farm, i n  the Neospora " ca se s "  

group ,  var i ed great l y . The mean was 1 9  foetuses abort ed per farm 

with a range of 1 t o  1 1 0 . T able 4 . 2 shows the di stribut i on o f  

abort i on rates for 2 3  farms expe rienc ing Ne ospora abo rt i on s . 

TABLE 4 . 2 .  THE D I S TRIBUT ION OF ABORT I ON RATES FOR 2 3  FARMS 
EXPERI ENC ING NEOSPORA ABORT I ONS . 

P ercent o f  abort i on 

< 3 % 
3 % - 1 0  % 
> 1 0  % 

Mean= 7 . 4 % ;  range= 0 . 6  % - 3 1 , 4  % .  

Number o f  Farms 

5 
1 4  

4 

Although abort ions o ccurred throughout the January t o  August 

p e r i o d ,  the ma j ority occurred in March , Apr i l  and May ( F i g  4 . 1 8 ) . 

The aborted foetus e s  ranged in ge s t at i onal age from 2 - 8  

months w i t h  a mean age o f  6 months . More t han 7 0  % o f  abort i ons 

were between 5 - 7 months o f  gestat i onal age . The di st r ibut i on 

o f  the age o f  the abo rt e d  foetuses from Neospora infected farms 

i s  pre s ent ed in F i gure 4 . 1 9 . 

When the animal s  abort ing on Neospora-infected farms were 

c ategor i z ed as young c ows ( fi rst c a lvin g )  and adu l t  cows , the 

data obt a ined showed a s i gn i f i cant di fference between the two age 

groups with a con s i derably higher percentage of abort i on in the 

young cows ( Table 4 . 3 ) . Since the t ot a l  number of f irst c a lving 

c ows in e ach herd was not known ,  this ana l y s i s  was made by u s ing 

t he a s s umpt i on that 2 0  % of the herd wer e  he i fers . This  is the 

u s u a l  rat i o  o f  rep l acement s in North I s l and da i ry herds ( Wi l s on 

pers . comm . ) . 
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Fig 4. 19. 
Mean age of aborted foetuses from Neospora infected farms. 
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TABLE 4 . 3 :  ABORT I ONS IN HE IFERS AND ADULT COWS FROM 
NEOSPORA INFECTED FARMS . 

He i fe r s  Adult c ows 

Abort ing 1 5 3  ( 1 4 % )  2 8 2 ( 6 % )  

Not abo rt ing 9 3 9  ( 8 6 % )  4 0 8 8  ( 9 3 % )  

Tot a l  1 0 9 2 ( 1 0 0 % )  4 3 7 0  ( 1 0 0 % )  

Chi - s quare= 6 8 . 0 9 ;  p < 0 . 0 1 

8 4  

One farme r ,  who suffered a st orm o f  abort i on s  ( 3 7 aborted 

cows in a t ot a l  of 2 3 6 ) , reported that mo st o f  the foetuses  were 

mummi f i ed and none of the aborted c ows were able to produce milk . 

Ri s k  factor s . 

The 1 0  potent i a l  r i s k  factors studied are l i sted in T ab l e  

4 .  4 a n d  4 .  5 .  None o f  t h e s e  r i s k  f a c t o r s  we re stat i st i c a l l y  

s i gn i fi c an t l y  a s s o c i ated with Ne o spora abort i on c a s e s . T ab l e s  4 .  4 

and 4 .  5 s how t he Odds Rat i o s  (0 . R . ) and the 9 5 %  Confidence 

Interva l s  ( C . I . )  of the s e  var i ables . The 0 .  R .  measures the 

re l at ive l i kel ihood that a farm exper i enc ing Ne o spora abo rt ion 

wou l d  be p o s i t i ve for this fact o r ,  c ompa red with a st andard 

l ik e l ihood of 1 .  0 for a farm with no Ne o spora abo rt i ons . In 

int e rpret at ing the O . R . : the hypothe t i ca l  s ituation for the 

var i ab l e  " dogs " (presence in dogs in the farm) in T ab l e  4 . 4  would 

be : A Ne o spora abort i on farm i s  6 . 0 5 t ime s more l i ke ly t o  have 

dogs on the farm than a farm with no Ne o spora abort i on . Howeve r ,  

s ince C . I .  include s 1 ,  one c an not b e  9 5 %  c on f i dent that the 

rel at i ve r i s k  i s  not 1 .  P aral l e l  analys i s  perf o rmed for s ome o f  

the var i ab l e s  revealed power values o f  approximate l y  1 5  % .  
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TABLE 4 . 4 .  ODD S  RAT I O S  OF D I CHOTOMOUS RISK FACTORS ( YE S /NO ) 
IN NEOSPORA CASES VERSUS RANDOM CONTROL ANALYS I S . 

Ri s k  factor 

He i fe r s  "bought in"  
He i fe r s  reared 
Cows purchas e d  
He i fe r s  " grazed o f f "  
Dogs on farm 
Cats on farm 
S t oat / ferret s 
F e r a l  c at s  
Other species o n  farm 
Ne ospora previous yea r  

Odds ratio * 

1 , 5 6  
2 . 0 9 
0 . 7 0 
1 .  4 0  
6 . 0 5 
0 . 7 1 
0 . 5 6 
2 . 1 4 
1 . 1 8 
4 . 6 0 

* : none o f  them were s i gni f i cant . 

95% 

0 . 3 5 
0 . 1 0 
0 . 1 8 
0 . 3 9 
0 . 5 8 
0 . 0 9 
0 . 1 3 
0 . 5 4  
0 . 3 3 
0 . 4 0 

Confidence 
I nterval 

7 . 4 6 
1 2 8 . 6  
2 . 6 4 
5 . 0 9 
2 9 8 . 4  
4 . 8 5 
2 . 2 5 
8 . 9 6 
4 . 2 5 
2 3 6 . 1  

TABLE 4 . 5 .  ODD S RAT I O S  OF D I CHOTOMOUS RISK FACTORS ( YE S /NO )  
I N  NEOSPORA CASE S  VERSUS MATCHED CONTROL ANALY S I S  

Ri sk factor 

H e i f e r s  "bought i n "  
H e i f e r s  reared 
Cows purchased 
H e i f e r s  " grazed off " 
Dogs on farm 
C a t s  o n  farm 
S t oat / ferret s 
F e r a l  c at s  
Other spe c i e s  on farm 
Neospora previous year 

Odds ratio * 

3 . 5 0  
0 . 0 0 
0 . 8 0  
4 . 0 0 
2 . 0 0  
1 .  6 7  
0 . 6 7 
0 . 6 7 
0 . 6 9 
0 . 0 0 

* n one o f  them were s igni f i c ant . 

4 . 4 .  D i s cu s sion . 

95% 

0 . 6 7 

0 . 1 6 
0 . 8 0 
0 . 1 0 
0 . 3 2 
0 . 0 6 
0 . 0 6 
0 . 2 0  

Confidence 
Interval 

3 4 . 5 3 

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

The i dent ity of the prot o z o a  respon s ible f o r  the abo rt i ons 

could not be c on f i rmed in every case . Howeve r ,  s ince Toxopl a sma 

gondi is not imp l i c ated as a cause of bovine abo rt i on ( Dubey 
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1 9 8 6 ) and Sarcocys t i s  sp . c an be rul e d  out on the bas i s  o f  i t s  

di st inct i ve histopatho logic features ( Dubey & Berge ron 1 9 8 2 ; 

Anderson e t  a l . 1 9 9 1 ;  Barr e t  a l . 1 9 9 0 ;  1 9 9 1 ) , Neospora-in fect i on 

i s  the most l i ke l y  c ause o f  abort ion in the s e  c a s e s . 

The l aborat o ry dat a confirmed that Neospora type prot o z o a  

a r e  respon s ible for a t  l e a st 1 4 - 1 5 %  of the bovine abo rt ions 

submitt e d  t o  BAHL and RAHL dur ing 1 9 9 1 - 1 9 9 2 . Data previou s l y  

reported b y  Thornt on et a l . ( 1 9  9 1 )  , indi cated that prot o z o a l  

l e s i on s  were seen in the b r a i n  o f  2 8 %  o f  3 2 0  aborted foetuse s  

ove r the 4 year pe r i od ( 1 9 8 7 - 1 9 9 0 ) .  

Neospora abort i on was the most c ommonly di agnosed c ause o f  

bovine abort i on at both BAHL and RAHL i n  1 9 92 . Thi s i s  s imi l ar 

t o  the f i ndings o f  Thornt on e t  a l . ( 1 9 9 1 )  in the i r  s tudy o f  the 

l ower area o f  the North I s l and . In s ome ove rseas regions s uch a s  

Cal i fo rn i a  ( U . S . A . ) ,  where t h e  dai ry industry i s  e c onomi c a l l y  

impo rt ant and bruc e l l o s i s  h a s  been c ont r o l led, neospo r o s i s  i s  

a l s o  t h e  m o s t  commonly ident i fi e d  cause o f  abort i on (Ander s on e t  

a l . 1 9 9 1 ; B a r r  et a l . 1 9 9 1 ) . 

Bat che l a r  and Ruakura Animal Health Laborat o r i e s  are 

di agno st i c  l aborat o r i e s  for a l l  but one o f  the dai rying a reas of 

the North I s l and o f  New Z e a l and . S ince there was no d i fference 

in per cent of Neospora abort ions submited to both l aborat orie s ,  

it  cou l d  be infe rred that the frequency o f  diagno s i s  o f  Neospora 

abort i on s  throughout the North I s land was l ike l y  t o  be c l ose t o  

1 5 %  i n  t h e  1 9 9 2 per i od . 

The que s t i onnai re dat a s howed that a lthough some farms c an 

expe r i ence only a few abort i on s  due t o  Neospora infection ( Tabl e  

4 . 2 ) , mos t  have outbreaks invo lving several  anima l s . It  w a s  a l s o  

evident , ( F i g . 4 . 1 8 )  that although Neospora abort i on s  c an b e  

observed a t  any t ime dur ing pregnan c y ,  there was a peak o f  

abort i on s  reported dur ing March , Apri l  and May . E s t imat ion of the 

gestat ion age of t he aborted foetuses reve aled t hat more t han 7 0 %  

o f  the abort i on s  were at 5 - 7  months gestat i on . The se res u l t s  are 
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i n  agreement with previous findings both i n  New Z e a l and ( Thornton 

1 9 9 1 )  and ove r s e a s  ( Anderson et al . 1 9 9 1 ;  Barr e t  a l . 1 9 9 0 ,  1 9 9 1 ;  

Thi l sted e t  a l . 1 9 9 1 ;  Niet fe l d  e t  a l . 1 9 9 2 ) . 

Abort i on rates between y ounger and older catt l e  d i f fered 

markedly in this s tudy and stat i st i cal analys i s  revealed a 

s i gn i fi cant d i f ference between the s e  t wo groups . Although there 

is var i at i on between farms , the informat i on obt ained from the 

que st i onna i re showed that young st ock a re managed in a different 

way f rom a dult s . Mo s t  North I s l and dairy farmers graze young 

c att l e  off  the f arm and they are c ommonly returned t o  farm at 2 0 -

2 3  months o f  age in mid-lat e  pregnancy . On thi s bas i s  these 

an ima l s  may have acqu i red the infe c t i on when they returned from 

graz ing and the d i f ferent rat e s  o f  abortion wou l d  be due t o  

p revi ous l ack o f  exp o sure t o  the disease . Re sults obt a ined from 

the sero l og i c a l  study of an infected herd ( Chap . 3 )  show 

di fference s in the p revalence of ant i -Ne o spora ant ibodie s  in 

we aner he i fers compared to the othe r different age groups . 

Howeve r ,  the inte rpretat i on o f  the s e  f i ndings i s  uncert ain s ince 

the relat i onship between infe c t i on ( i . e .  the pre s ence of ant i ­

Ne ospora ant ibodi e s ) and abort i on h a s  not yet been e s t ab l i shed . 

Although repeated abort i on in c att l e  previous l y  i n fected 

with Ne ospora has been induced experiment a l l y  ( Barr e t  a l . 1 9 92 ) , 

it  i s  not known how often this  o c curs on farms unde r  natural 

c ondi t i on s . In our survey , 3 farms reported suffe r ing Ne ospora 

abort i on i n  the previ ous year and 2 o f  them had suffered for the 

l ast 4 s easons ( 1 9 8 9 - 1 9 9 2 ) . Unfortunat e l y ,  the var i ab l e  

( " Ne o spora i n  previ ous year " ) could not b e  c o n f i rmed a s  

s i gn i fi cant i n  the r i s k  factor ana l y s i s . I f  the dat a obt ained 

f rom the s e  farme r s  is accurate it r a i s e s  import ant questions 

regarding the pathogenes i s  o f  abort i on in adult c at t l e . Dubey 

( 1 9 9 3 )  has postulated that repeated abort i on may be due to 

react ivat i on o f  brady z o ites in a previ ous ly dormant cyst when the 

animal is unde r  s t re s s . Another poss ibi l ity is that the animal 

b e c omes r e i n fected b y  the inge s t i on o f  c ontaminated feed . 
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The pre s ence o f  a farm with a h i gh incidence o f  mummi f i ed 

foetuses para l l e l s  previous report s whi ch de s c r ibe this 

phenomenon a s  a p o s s ib l e  feature of  Neospora abo rt i on ( Th i l sted 

e t  a l . 1 9 8 9 ;  Dubey 1 9 9 3 )  Mummified foetuses are a l s o  c ommonly 

enc ounte red in Toxop l a sma abort ion in s heep ( Beve r l e y  e t  a l . 

1 9 7 1 ;  Hart l e y  and Kat er 1 9 6 3 ) . 

The main ob j e ct ive o f  the present study was t o  attempt t o  

i dent i fy r i s k  f a c t o r s  that varied s ign i f ic ant l y  between farms 

with Ne ospora abo rt i ons and the c ont ro l s . Because of the smal l  

s ample s i z e ,  some o f  the var i ab l e s  c on s i dered in thi s work 

reve a led values with a power factor of about 1 5 %  (where power i s  

the ab i l it y  o f  a study to detect a di f fe rence o f  a given s i z e  i f  

a d i f ference real l y  e x i s t s  (Dawson-Saunders and Trapp 1 9 9 0 ) , s o  

the study was unab l e  t o  l ink any r i s k  factors  with Neospora 

abo rt i on . Ret r o spect ive c a l culat ion o f  the s amp l e  s i ze requ i red,  

indi c ated that at least 1 5 0  quest i onnaire rep l i e s  would be 

nece s s ary in e ach group ( ca se s ,  matched, and random ) in o rder to 

provide a minimum o f  8 0 %  o f  power . Thu s a tot a l  of 12 0 0 

que s t i onna i re s  woul d  be ne cess ary in the f i rst inst ance a s suming 

that there was a 4 0 %  return rate . Thi s  i s  four t ime s the number 

mai led in the current pro j ect and it is unlikely that s u f f i c i ent 

farmers e x i s t  with t h i s  problem in New Zealand at the pre s ent 

t ime for such a s urvey to y i e l d  re l i ab l e  result s .  

Despit e  the prob l ems o f  the sma l l  s ampl e  s i z e  in the pre s ent 

study the result s provide dire ct i on s  for future r e s ea r ch . The 

evidence obt a ined from the study confirms that Neospora p rot o z o a  

a r e  respon s ible for a l arge proport i on o f  the aborted foetuses 

in the North I s l and o f  New Z e a l and and the prob l em there fore 

warrants furthe r inve s t i gat i on . 
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CHAPTER 5 .  

SUMMARY AND CONCLUSIONS . 

Neosporo s i s  i s  now .a we l l  recogn i s ed disease ent i t y  which 

causes e c onomi c l o s s  t o  the dai ry industry world wide . In New 

Z e al and it i s  a l s o  respon s ible for a l arge proport ion of the 

abort ions in dai ry catt l e . 

One o f  the ob j e ct ive s o f  the present study wa s t o  f ind out 

i f  dogs in New Z e aland were infected by N. canin um and t o  

det e rmine i f  they c ould b e  invo lved in the transmi s s i on o f  the 

d i s e a s e . In a ret rospect ive study of c a s e  mat e r i a l  ( Chap . 2 ) , i t  

wa s found that N .  can i n um h a d  c aused infect i on in dogs in New 

Z e a l and for at l e a s t  2 0  years and neosporo s i s  should therefore 

be c o n s i de red i n  the different i a l  diagnos i s  o f  enceph a l i t i s  i n  

dogs in t h i s  c ount ry . Neo spora can i n um was ident i f i e d  u s ing 

immunoh i s t o chem i c a l  techniques ; it  reacted strongly with ant i ­

N .  c a n i n um serum but not with the ant i - T .  gondi i . Becau s e  o f  the 

c l os e  resemb l ance between T .  gon di i and N .  can i n um ,  c a s e  o f  

neosporo s i s  wi l l  almost cert ainly have been mi s d i agno sed 

previou s l y  us ing convent i ona l h i st opathol ogy . 

Att empt s t o  in fect pupp i e s  with Ne ospora mat e r i a l  o f  bovine 

o r i gin ( Chap . 2 )  were unsu c c e s s ful . The pos s ible reasons for the 

l a ck of infect ivity o f  the homogenate have already been di scussed 

and s ince no dat a has been reported in the l iterat ure o f  s imi l ar 

experiment s ,  interpretat ion o f  t h i s  result i s  di f f i cu l t . 

Neverthe l e s s , t he l ikel ihood of a l ink between c att l e  and dogs 

remains strong and abo rt i on in cat t l e  has been induced with 

N. c a n i n um inoculat i on u s ing t i s sue cysts  ( from mouse brain ) and 

t achyz o i t e s  ( fr om c e l l  cultures ) ( Dubey e t  al . 1 9 9 2b) . Howeve r ,  

there i s  st i l l  n o  di rect evidence t o  incriminat e dog s  in the 

t ransmi s s i on of Neospora spp . and the prot o z o a  c au s ing t he 

d i s e a s e  in dogs and c att l e  shoul d  therefore be c on s i de red a s  

potent i a l l y  di f ferent unt i l  b i o l o g i c  evidence i s  ava i l ab l e  t o  the 

contrary . The po s s ib i l it y  that another c arnivore i s  i nvo lved 

c annot be rul ed out . 
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I nt erest ing r e sult s  were obt a ined with the s e r o l og i c al 

studi e s  c arried out on a herd with a recent history o f  Ne osp ora 

abort i o n . In thi s s tudy the presence o f  ant i -Neosp ora ant ibodies 

was det e rmined u s ing IFA t echniques i n  four di fferent age-groups 

of catt l e . The r e s u l t s  showed that approximate l y  2 9 %  ( 5 6 / 1 9 4 ) of 

the c a l ve s ,  young and old c ows were p o s it ive to the I FA test . In 

the we aner hei fe r s , however ,  the prevalence was s i gn i f i c ant ly 

l owe r ( 3 % : 1 / 3 2 ) . S ince this category of animals  was gra z e d  off 

the farm at the t ime when the outbreak occurred, i t  s eems c l ear 

that . t hey avo ided exposure t o  infect i on . This f i nding r a i s e s  

int e re s t ing que s t i on s  for future invest igat ion regarding the 

influence o f  husbandry t e chni ques on the spread o f  the disease 

in a herd and how t r ansmi s s i on may o ccur . 

The serol o gi c a l  preval ence in calve s , y oung c ows and adult 

c ows was  s imi l a r  to the prel iminary dat a pub l i shed by Pare e t  a l . 

( 1 9 9 4 ) , but l ower t han that report e d  from one farm i n  New Z e a l and 

by Thornt on et a l . ( 1 9 9 4 ) . This may be a t rue r e f l e c t i on o f  a 

di fferent prevalence in the herd o r  it may refle ct the diffe rent 

" cut o f f "  po int u s e d  in the IFA t e st . Thi s ,  and the t ime o f  

infect i on at whi ch t he an imal s  a r e  s ampled shou l d  be c on s i de red 

when making compar i s ons between l aborat o ri e s . In spite of these 

cons i derat i ons , the work reve aled t hat Neosp ora ant ibodie s  were 

pre sent in a h i gh pe rcent age o f  di fferent ages whi ch i s  

pre sumab l y  an indi c at i on o f  a high rate of infect i on . There was 

a l s o  showed a h i gh proport i on of non-spec i f i c  IFA react i on in the 

d i f fer ent age group s  studied whi ch may be indicat ive o f  c r o s s ­

react i ons with other re l ated prot o z oa . 

D at a  obtained from Bat che l a r  and Ruakura Anima l Health 

Laboratories reve a led that prot o z o a l  l e s i ons wer e  found in at 

least 1 4 - 1 5 %  o f  the bovine abort i on s  submitted in 1 9 9 2 . Thi s 

confi rms previ ous findings by Thornton e t  a l . ( 1 9 9 1 )  whi ch 

indi c ated that prot o z o a l -t ype l e s i on s  were seen i n  the ma j ority 

o f  foetal  brains e xamined from cases of infect i ou s  abort ion 

di agn o sed in the North I s land . There i s  now s o l i d  evidence that 
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Neospora-infect ion i s  the mo st c ommonl y  diagno sed cause o f  

i nfect i ou s  abo rt i on in dairy cat t l e  in this count ry . 

I n  an att empt t o  gain a better underst anding o f  the 

epi dem i o l o gy o f  the disease in New Z e a l and,  a que st i onna i re 

survey o f  dai ry farmer s  in the North I s l and was carried out . 

B a s i c  informat ion such a s  age /t ime o f  abort i on ,  s e a s on a l  

d i s t r ibut i on ,  and c ategory o f  catt l e  abo rt ing wa s c omp i led ( Chap . 

4 ) , but unfortunat e l y ,  attempt s t o  ident i fy r i s k  factors r e l ated 

t o  the f arms with Neospora abort ion were unsucce s s fu l  because o f  

t h e  sma l l  s i z e  o f  the s ampl e  used . Neverthe l e s s  some prel iminary 

data whi ch may he lp in i dent i fyi; - � reas for future research was 

obt ained . 

The search f o r  Neospora-infect i on in other spe c i e s  i s  just 

beginning and t h i s  i s  an area where promi s ing results are l i kely 

in the future . At the moment the d i s e a s e  has  been induced 

experimen t a l l y  in l aboratory animal s  and cat s . I s o l at ed cases of 

natural neosporo s i s  have been documented in the ho rse ( Dubey & 

P o rt e r f i e l d  1 9 9 0 ) , goat s (Dubey e t  al . 1 9 9 2 a ;  Barr e t  al . 1 9 9 2 ) , 

and s heep ( Dubey e t  al . 1 9 9 0 c ) . Becaus e  prot o z o a l  abort ion i s  

rare i n  horses ( Mankte low pers . c omm . ) , i t  i s  presumed that 

Neospora i s  not an import ant infect i on in this spec i e s . In goat s 

and s heep however ,  the l e s i ons are s imi l a r  to t oxoplasmo s i s  and 

a lthough a va st amount o f  work has a l ready been done on t h i s  

paras it e  in New Z e a l and , it would not be surpr i s ing i f  c a s e s  o f  

neosporo s i s  in the s e  spe c i e s  have been inadvertent ly misdi agnosed 

a s  t oxop l a smos i s . I n  view o f  the import ance o f  the sheep indu s t ry 

in New Z e a l and such a pos s ibi l it y  would be wo rthwh i l e  

inve s t i gat ing . N e w  Zeal and, i s  fortunate in having good 

condi t i on s  for t he search for a de finit ive host s ince few 

c arnivore spe c i e s  e x i st in this count ry . The recent report t hat 

non-human primate s  are a l s o  sus cept ible t o  Ne ospora infect ion 

( Barr e t  al . 1 9 9 4 b )  r a i s e s  the p o s s ib i l ity that the di s e a s e  i s  

a z oono s i s  and thi s  should there fore inten s i fy research e f fort s . 



APPENDIX. 

DAIRY CATTLE ABORTION QUESTIONNAIRE FOR FARMERS 

Nam e :  

Address :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Veterinarian: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 .  Type of farm (please tick) : seasonal [ town supply [ 

2 .  How many replacement heifers did you purchase last year? [ 

N° bought [ No reared [ 

3 .  How many adult cows did you purchase i n  1 992  ? [ 

Which month/s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Where from (address/district) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

92 

4.  The information below is to estimate % abortions in the previous four years. Please use 
records if av ailable, bes t  guess if not. 

Year No breeding N° cows that Age of aborted calves if 
cows in aborted known 

herd 

1 992  

1 99 1  

1 990 

1 989 

5 .  Number of abortions each month. If you can 't remember put a question mark. 

Year Jan Feb Mar Apr May Jun 

1 992 

1991  

1990 

1 989 

Jul Aug Sep Oct Nov Dec 

DEPARTMENT OF vn; ·; i;:::�. 
PATHOLOGY & PUB'.lC HfL' -:; 
MASSEY UNIVERSITY 
PALMERSTON NORTH 
NIW ZEALAND 



6 .  How many aborting cows were there i n  each of the following age groups ? 

1 992 
1 99 1  
1 990 
1 989 

2-3 ys. more than 3 ys.  

7 .  If known please indicate the cause of abortion in each of these cases.  

1 992 
1 99 1  
· 1 990 
1 989 

8 .  Were any of the aborting cows kept ? (please tick) Yes [ ] No [ 

If so what was their subsequent breeding history ? 

1 992 
1 99 1  
1 990 
1 989 

N° cows that 
bred normally 

N° cows that 
aborted again 

9 .  Were any o f  the cows which aborted 1 99 2  bought i n  ? (please tick) 
Yes [ ] No [ ] 
If so please give details : 
Date of purchase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Where from (address/district) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 0 . Were any cattle grazed off the farm in another location ? 

Year No Age MS* MF* Location (address/district) 

1 992 

1 99 1  

1 990 

1 989 
('") M:S : Mont :startea; Mr: Month rm1snea 

93 



1 1 .  Do you have dogs/cats on your farm ? (please tick) Yes [ ] No [ 
If yes,  please give numbers. 

DOGS CATS 

Year Adults Puppies Adults 

Male Female Male Female 

1 992 

1 99 1  

1 990 

1 989 

94 

Kittens 

1 2. Were any new dogs/cats brought onto farm as resident pets or working animals in the 
last 4 years? 

No of dogs [ No of cats [ 
Date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Where from (address/district) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

1 3 . Have your dogs/cats shown any sign of disease in the last year? 

Dogs/cats Date Abortion Dead Other signs 
pups/kittens 

1 4. Have you seen any of the followed wild carnivores on/around your farm ? 

(Estimate No please) Stoats/Ferrets . . . . . . .  Feral cats . . . . . . . . 

1 5 .  What other species of animal are there on the farm? 

Sheep 
Goats 
Horses 
Deer 



1 6 . Have you had any cases of abortion diagnosed as toxoplasmosis ? 
(Please tick) Yes [ ] No [ ] 

95 

1 7 .  Have any new animal species, such a s  sheep/deer/etc , been brought onto the property 
? 

I Year I Species I N2 animals I Health (*)  I 
1 992 

1 99 1  

1 990 

1 989 

(*) please mention any signs of disease which have occurred. 
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